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FOREWODED

The Tnigrnational Symposivmy on Tropical Koot Crops deseloped Fron
an des whick aripinated in the Depertesent of Agnculture, Crop Preduction, of
the University of the Weet Indics in Febroary, 1985 Betause of the impirance
of the ctarchy rords and tubers as food in tropcal countries and the smihass
placed by the University on relevant research, i1 was wonsidered baghly dexirable
jhat m anbernpt be mede oo collate eaistimg information ox (hese cpops in ocder
1o adeotily gaps in our knowledge, meke plans o HGEH these apd alio establish
kates for prectices aimed at econemically expanding production and utilization.

Partivipution of scaeetists foom differext pans of the world was soughe
and made peossible by the Gnanscial amEisiaoec g by itemaoomally known
oraanisalions — The Rackefrller Foundmion and the British Cowsceil — 82 well
as others with Iowal pmterests — Ministy of Asdcultere, Tands and Fisheries
of Trinidad and Tobago, Fricmds of the Unlbversity, the Indostcial Development
Carporetion, Trnidad CThamber of Cormneree,  SBell Tromidod Litd., Texaon
Trindad loc., Antillss Chemical Co., Chase Maenhatian Baunk, Fisi MNatioosl
City Fank, Bank of Mowvn Scotte, Boots Pure Drug Co,, Lid., International
Foods Lid., H.FE. Robinson & o, L., Empire Salzs and Agencies Ltd. The
contributions recatved covered all aspecis of root crop prodoclion and Jse and
wire grouped under six Ieadines as follows;

l.  Beeecing and Improvement
II.  Physwlogy apd Nwtration
1. Agronomy

1V, Crmop Progection
V.  Economica
¥1. Swrege, Processing and TG zatkon.

The Sympesinm  was held at %1, Augestine, Trinidwd, on 2-F April,
1967, A woral of 157 itdividuals froem 06 countsi=s rook penl and 56 papers
were read.

The participants were  welcomed to Trinided by the Hono LML
Rebimsor,  Mimster of Apriculture, Lands and Fisheries, and o the whivertity
campug by the Pro Viet-Chaneellor, Tr. H. I}, Huggine. The Hon L M.
Rabinsan elso opened ehe  iechnical sessions, [n eddition to the <ix sactions at
the Syaposiom there were mettiogs of =weven Smdy Gronps and on the Last
day a Plnary Session,

. These Proccadings  endeavour e present en geeownl of the papers
dejpvenzd and the ensuing Jdiscessions. In the course of editing it was fouod
desirable 30 rearrangs the orcder of papem somewhsn but in no instamce was
there any alieraiion of the contenl  The bulk of the work of cditing fell on my
ca-2chitors a1 Eodloom:

Sections |, Wi ~=  W.B, Charles
Sections 1T, 11 — P.H. Haynes
Section TV — E.F, Tign

fecrion ¥ — K A Lesle



[ musl, however, accept Tespinsibility foc arrangement of che Introdoction.

Presentation of the Procecdings o ewe Yohomea was dictated by che amount
of matedal 1o be published: Velume I. Conlaine the Introdweticn amd Section 1
1w Il Yolume II contains Section 1Y w0 VI,

ESBERT & TAL
April, (089,



ADDRESS OF WEICOME BY HON L. M. ROBINEON. MINISTER 4OF
AGHICULTURE, LANDS AND FISNERIES, TRINIDAD & TOBAGOD

In the pame of the Goverpmenl of Toinldzd aad Tebaga, [ am verr 2l2aimd o
pilrod o ovuo all & mas? coldlAal scleanee 1L 12 pasticulicly Zralilving bo e perawlolly
shal 1kis sevowd Agrticulwsnal FEeonmptes Danlerenee ark Bast Coopr Symeasiuom s
being held bele g1 5t Agsdsiine, znd Eral The orgamisers seem e have taken ike
Peclaion Le make LRrse ranfecenses ol arnoal amrais.

The Wosr Tod on #Aallane snd lertizarmes hove &l 1 elleve through tas Lhnwvers by
and by athoer wpoans, €2l abonl the i incancideraalie 1asx of deselnplog and balding
whal | weeld 4erm o nodional so=alific pekzonnel It Is wnly -ight, LhereEace, 1hat
opanrierilies should e iforeded b ovwer scienils?y, Loclunelans acd admbclbleatars 1o
meest b3 excleares ldeas disesas ERelr praddoa, pad pelat Lhe Tuiurs direeion and
arieniallon of 1hcir eEare: In s vetv rricial fi0id of eericullgral drec|opreent. [T
would br tramie indeed if oo mears of asvacial :om cxisted and T fweryone endeevoased
1o plar aodd wask Imisdabinn dowazeed Troan wah ol2ier on "he Caclbbear replaa sod
Poscl by 3120 Jrom Lhe [REsApAERAT Seirmdhe fohi-pgoilly of whizk e o-e a pat?

Y am pechops Teyiag Tow mush sleese g vis point, s.nce 1 pellee frem your pro-
pracimi Lhal psperss &0l net onky be presened by Wesl 10 2w, bul 2lea by snme werw
distingu.shed prople frem otker parts of dhe warid. | fesl, hawese- 1hat 1his 1o aareme-
Lhing 1hal shauld be sepeate<dly and cantlreoosly emahazsed weldl 1 Lo pnodorstoee
urid vumphehotdsl By evorsone [nvolsaed

An adociale of nlbe otée w2l Lhal we in the West lndws zre fp=yngs fore
Imacalng. cowHaung, ok pever aripe-pak nE. eseepl for e sleelband; and i 15 Lumse
chal we al‘emplrd 1A chargs kis Mete of sffalre-—cspeclally altee we Bave *he talshl
an Zel cewn W ke lask wl nd ng selalians e eur priblems — ocoblems whieh o
MApAY paEpreIe gy e Pnln Fooauy Fe2len

I duw noL Adbseeibe o s eoncrenl tnodds erlaeery, boae 1 Sclewn 1hed Pacrp Is mudh
#+e ran dn in epred up Fae flecesifleutiog and the deveiopment af g ogrisielbyee zinng
new ares and 10 new atras ot spresalisailon,

I do nal trink 1hat T pm e Nelodranate ‘when [ osaw 1hat 1his e 3 coritical
periad 2oz West Indian aerleullere Chir slnple cxport coencraditios #re belng sold nn
2 huyer's markst, aud we are enlecing ¥ peood® wWEen poo feneaLis” ALPANDECRDS tA acr
1ridizicral wmarkel, the LUplted Eloedan, oee likely 10 be preatesaiv el removed.
Fraate Fhe ¥opreelves working i ag<culiure hawe a spevlal responsim by, thenefore,
Ta wider vur horzans and give girerdion 4a mipe STaT1y g fhat Wesl [adlan agrleniure
gan nteel the challenge with which 1L as candrenied e Ahe seednd Jald of the bwernili=ln
oeotury

Tiuslna wolr =Lpy here e epprtuniiy will be provided fer yoo 1o breoms bBricer
apguainird wilh whot we sec ARtECINpinE 0 egricullere, And 1 rrosl Lhat yoa well oot
hesitule toe call wuz nix wcers aod mpsecl na we Gra ready 13 be nf sRslziance.

Dace sgain [ weleome wou magr [0serily 19 vur lcland, shd bupe thal yoos stpy
will e exirchnely gHeyssaal and rewardlng



ADDERESS OF WELLNPHE BY DR H. I HUGGINE. FRO YTCE-CHANCELLTHL
UNIVELEITY OF THE WEST RNEIES

4. hwmpgustins came bnta GelkE 49 AR ingilhatios Tor inaching end TESEGRCh T
mErlcnliore 43 y=ary age and whe naay LIECH Che ewent b0 B paeTriage. It you llken it te
2 ma-rhage 1 would reérdred won ihAt the wpprapnate stone ne smbal an Lhe &%tR
anoiwecsa:y o Marrlage bs the agpphire Sinee the sappbice 13 o0 fancy form of bawxite
W oweld permiad me a0 mokre the polnt tha: Lhe réseatch wWorblk Witl isfiie In EBTlUsn
Guiano was merely ome of the acilvibloy whosye pemarke®e aeklovemrnt v Lbhe early
vears of "his century BESUENE L 1he AEEERElOR Of ihe wncld the ootenidal ol am
frtitulion sach as 1003 (O P proeTeaton @0 cegeatoh wack ond Tescpoel warkera It
asfprdlng to the prerepids of Ecclerlnsies we woudld prajes theeg FPamogs mel thers |3
none whast praae wrild be Jouder than Sydney Creoase Harlaod, whem it 1= & pleeadre
and an haoane 0 kave wilk ua todav.

The Tnited Kingdam Gasr-nment und sdhiers have conlribumed genecowsls tn EROS
inakitudlon, Few sovestments luve rewayded belier elther o the Dnlled Eingdam, the
wWerk [pdies, or clsewbiere, WHEL Tranicsl Agelcelluee ipedily a suppller of Taw PydnductB
ond wlth lervs of trade Tendlng 10 fove aSainat o praducty, Phe prifmety oroducses
cotdd I 1he 190 snd LIS place theor maln hnpa In higner predoesivity, Wone AT
rallmate whar wos awed In thase rears in ibese opricolturnsts traieed at 5t Angustlne
ant wia kesded spll serveyd, pedl Santral units, Aeld eaperictedl siatlons, réesescco
Wi aEeiculdere] deparhioents ognous lhe Lrepice: sbd sab-tToplcal waced.

This 13 Lhe recocd, (e fendiron of which Lhy Bchenl of Agriepliure Is 1aday the
linkal deacendant, M4 fInre maheig onnid be Tald Ea Efig traditiv. Lhan 1hal enls
syinpeslum, arganlied by the Schnal shoold heve meirarled o jplesnsningal a gallering.
With many al veu, 92 %01h 4z, af UeAclables proiem 0 ccanamle devslanment IS
capidly Invreazing pEricgfiyral produebicn god agrlcullural povduekivily, Qe advuolapge
at this :nsbitstubnn 1 ike wede maope of condillans and eapernences ®=hlol It 8-
campesses. - Thas Tet us taks Lhe sulbfert of this sympenivm — the @esddetion of o=
food Aand 4f 1ol craps. partcwiarly Jamdles wilh 1964 Agures nd profarilon al goedc
and setvleca emountlng Lo §,20 mallion wilth 13% contribkntign frem agrcultuce (ecm.
pared Witk Triobdad™s production of doeds opd seviscs amourtag -a 1.5 milhan
with 10%. contrihoted trom agricoliural} mac LAreokts of food pee ennue of $5T per
capila of populatan [(cpmpared with 2% per vapile Trad imporls mn Irinedad). This
;hﬂﬂfcth-ﬁt “he lRports of food per caplla ere eopte ADE BIgher o0 T'rimeded Lhan

zmaleo

I hawe Jearnt from Profesecr Tar's splormpdive s ticle, which appeared in bnday =
MawppRner. {hAl the definfilon of & syvPipasiom s & "ArIcKIME pariy — p oennreelp]
meeettng {or drinkiog ond 1oiclieciuvn] enbrriplemoend.' s 1 Eecher thal thls sympreiim 15
:n.?:fulla.- resceciay Uit arder of precedence I wush the sypporium well o beth
apneraA



STATEMENT FROM THE
FOOT AND AGRICULTURE ORGANIZATION O
THE LNITED NATIONS

pregenied by
L. €, tacomen;

1 wanl to exprear wanoedl demkd For the kingd  invltatlon which bos been
crlrpded by the S Sugmetine Universiiy of the West Duddles, TTinided ga Dr. B, L.
Smp, DrractorLrenarot nof the Foosd ond Agrcultre Organlzeilon of the Lonitled Ao,
ln whoee name | owould like b cug¥ey L iR (olerpeilooal Symposmum an Teopical
Rant Cropa slneereal wldlvwes for g swecexaiul develnpraenl.

I v furthermnme, perUcwlerly pleaped o B slaf? meémber of the Plant Froduetion
gt Protectinn Dvislon bo eXa¥eds ouc Ditactor, Dr. Velicge's gragdtgde and onihn-
mlosm for the Lnstlbotion of thie InlemabionAl Symposlom, To us 80 thie sromed &
lIong pverdee niecesdaity for plicing more aflention oo 8 #mop af craps which will
hawe te pley A far more dmperlaol cole 1an e pan asily Lnagioe o =alvdng Hie
ennrmnur problem with e few means it out dspasn] of how Lo (#ed the [ast gTowing
populallon @l the waorid

This §8 the present siwuoilan: semelbmg Uke one Bell oF the world'a peoplee are
untderfrd or illfed, ot boikh.  Maors than three adllinn peaple die evory Pear from
proteln amalodlclllon ad many nel1lione aTe believed Lo Te= wyscholigically retarded
due g thin faet. U the bosis of the present prodechinns of popotatlon incropce of
E57, ta 3% per anbucn in Asla, Africa abd Lailn Armerlca, In 1083 there wlil e apg
melliard #nd & LRIPD fnode pooTle ghan o 18G5 £Wingf down ba =at in Leveloping
reRlong, Ewep AT 1he birch reke were to be lowernd orhstientiadly, the eFosd of Familr
Alarcalny wudsd voly shiow  Afler Euide than s decade dme tn the ennrmous Gortl Ly
patepLial I FeaTs 0 eommr rRUsed By the poesent age aiTucrure 1o thece cramlrlec
rhere belwe=o 40 and 449, of ibe population ls under 15 yeprg of 2pe.

The only zqiwtion to lbis problem Ln the next twe decades L5, Lherefore, 1o
Shermaze tiklanllally wee woekd's agreullura]l prodoction.

Agriewtazal productlon 12 Increpdlng Wiek probebly fesfer during any presloog
perlnd  Faor dhe Tast few wears, hewever, [F ked nob hept pose wdth |he Frowih wl lhe
world'ys pujrulathel. Fhat is particolarly disturbimg 13 1hal ie devabaping coumircs
the averams wnergesa (b produriion has only beeo LI4 omedngt a populatlon Inoresse
of ercund 2<% per snnum, wnd L L onag A0l w lmaglne the cOnECIUE Ry ool
illa will Raed, Teath Troy @ =0ial ahd polibiesl poiot of wew . upless a change can be
braught, about 1o the Immedinge fytipes

Dir. Scn recenly ctatedt that g minimmin [ncteass PerC A0nNtm Lo food poodyeilau
of 3¢, 15 coneldered mecestary ei as Lo he sure.of kseplng just sbepd f population
inerrsse, ond en ioccreage o nearly ASE pep ammong ke te e wiladoed [} we are to
ptevide gubalantis]l Brogeeas vrsacds a0 gdegqoite Isvel of puim™ilan sod avald o
furhar A-uln af forelgn exchange Dom developlng coduteses by meckHg khem iy
Lmport foird wowils fram developsd cowntrims.

Thi% tazk s pveredhedmiog and man owly be Toced ared solved slreneneni
enneeniCAUIAE AlL DT 2ars 1o =sch pingla agriculiwrsk cmﬁ;_ wHnEning and

Iresplin the [t thal belh the srea pmder T™OOL aod i
thete oo is relolvely mmall eompoced Wiy the wm; Tr?d;:&o;hzf:;ﬁ::tﬁ;pﬂ
food prom sugh ad ceteals In IMI9/F5 the sren wader calsove, sweeh polaboe:, vamg
and priaterr Amgunt 10 Around 50 miltkgn ha, A galnet 924 pudllen ha. whder cerpake
‘The Aty tratter orodeetlon 400 A beaid of 4 T 10 cerealsh petnhed only 398 mbllien
lans in roctr R3 agelms 1022 miljon te In eercels.  This wide ratie of B3 af rant
L‘;III:;L-;J.:: nﬂnmvn]w:_ wp_;::ﬁnml 1:|:|!.‘] tul:]mT STOP Abe Lhe ™Ry Apuroe of #OETEY o ik
n el io Sahflres Wilere i elogi candatj :
dor B eraTatmle caen o AAE fgT Ficpl comitione are wpiarrurable



L ]

Mpsi of Lhese cpuTirles lle I tke tmapees, 30 Maorkh and Sowlh of e BEgnaloe,
Exosral far Lhe Asle 1rginn W chis belt where clee 25 e slAple <rep and soecssciyl]y
vounpeles with the crat craps, ibe “allog AheTPfare TaTmaining pracilcally wneaanged
AL L:8, Lhe ratio naccows suledandlally te Lhe ffentral ond Scetn amerclzan reglan te
1:3, aud in ATEICE €ven b 102

{Tha BRUbes a2 baged ny FACQ srataslics AL GG qunme ke amaonnis o pradus-
ticn iti 1he Eoltr Eor JAale flrdia excluded b for cereals te 415 million bins, racka ba
4 milhon ons, inr Central sod Svulh Smeclcs IMewior excluded)  ios cerealds 23
milicen ters, ook T4 oeillees bR pnd Far Afclea rereals 24 galllbap 1enk, ool 1EG
miliilel LoNE)

Bul oll]]l mure mprerzase 15 ghe superinrity af Lha rgals oo carbhohydIsie prodoclun
per ha, aver Ihat of cereolxs. [n Central ond Soulh Amerier LA bankShe froma crTRsls
pgainst 2B loww fha frinn ey, in Adrica 0.3 ronssha frame cersals, 1.3 tons/Aha Toon
reea’s: dnd ih Asdd 1.5 Longs he frome reregld and 18 1aad fram cosifa.

Thrae Agures clearly skew that In fark mot erops ok Lthe heghesy yiclding smoareo:
of eparbabydeales can pley 3 bole ju Pl world's BEnt apgsbost bunger thcoogh dereck
conawTRprien e inan and stIll meTea chron gh 1ndirect comscmptioln as lhe @o=cgy hasws
¢[ 1he ferding =il for plas, ponltry and athep anumals,

We pea. Tharefnee, maost Imarcesed by the mpercbple of leadShgd papors o be
disrusend dwring thls Sympasiom and are really enthgsastic thae e Iy beplectesd
craps with thelr grest $3eld poietdiyl and by for ool Jolly =xploiicd possibildies for
hmpovlisg Ahele nutedtive walwe, pre covered 1o ell inpoclant aspeeds.

FAC ia dlrectly ifmereslegd in as-izting mamber caootries it tbe Amplepentay]en
af firndersa almeed AL the Arcelapment of robl Erofe prodeeficn in variaes wavs e
respurees abf FAC in this connection mmay be rother Lipadcd S8 coawpaldsen wich
whal i3 pequlzed but by mslpg Ui of wWarlous proerammes ek g6 {he Dplle:d
Kallgna Oevelapeaeni Programme {1UNTHEL. ihe Fipamaded Preg-smme af Teskoirzl
Assizlgnes (EFTAL the Fresmdom Emmn Thmper Camprign (FFHC), 1bhe World Fond
Frogrammme |ATPP:. pRd the doinl FAG/[BRID Co-op=reterr Progreoone, o will be
pussible 10 affer wentul psalsanec o CcRUAOITIES £ ans:,
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Sludy Grawp 1

THE EVALUATION AND UTILISATION OF GENETIC RESOLVECES TN
TEOFICAL ROOGT CROFE.

Jobge Leoft (Chairmand F W hpmin

Fauclen [egras 3. Fi. Mpacasg

A 5 MoeDaonsld 0B, Willama (Secrslpry)
M. L. Magmin B.E. Yan

The geneH: r=soorecs svallable in the Aeld of tropleel rost cropa Liclude: no
phly Fermplasm of [he speciet ]I'I".'l'.'ll'l.'!"[t. bt sEn ther boely o ipformatian conceEming
euch ap=clea, sud the iTaited persomnel capahle of besk ullEdng such moleslals amd
Informatinn  The adequats utibizatlon of theswe resoefeed coold DEAL B sLImulaced
by develaplng beti=r spsbemes of commuen lcatlon.  #hen pteni breedérs and genctedaia
are belter fotmed, Ehwey &0e o0& AROFE L0 MBAke ritlonsl gdecislona colcerololg
prograrmnes BN ohjoofives.

To fardlitote cotnmunication, the Stidy Grinlp Feeemrimaades the g=tablishirenl ofF
& Truplcs Rl Cropa Newshetler, The groposed newsledicr would cantain addredd
Maftg of Tehenoma apriing on the panstices nr beesding of much erops, perlioedis bib/ims
Fraphles nf recent papera, [lats of stoeks or moleklols svablabde fnr exchaoge, perdodic
summari=s af the stalus of padlcwar crops and shorl, Infofmathees Fedesteh Borad,

M1 15 olr Fugeectad that {he nAwelctter cAcen &p Lhe puhiicreinny of 5 Rent Orop
Drvelapmenl Cooperative. Thi= prgavdssilan wuuld perve nat @nriy to publlsh the
arnval Tedter, but wowld alwn seTve b ¢ardin®le ¢forcts Lo =slobli=zh st mblbtiin
germ plashn colkeetlong.  To eddidlen, the possibilily ks vidublleed o ¥e growlh of
ihis orgAnizatinn intg A Hont Orop Leciety.

In arder 4 prEani@e et B CoopeTetive, R argFaniting eWnolltbe ghould e
rangtdfuted. ‘Tha corrant gtudy group hae pakid DO Jorgs Leown. IRECC-AMMRTiCAT
Toatltute of Agriroltural Sckeoces, Andeso Eone, aporigdo 478, Llme, Ferw, o ek
as tempobéty chalrman, Yelluhkbedrs it sérve oo such & committoe toclude :

L. M. DEORAE  Dircetor, Stadon d'Amelloration des Planbes,

Ipatitut Mallanal de En Recherrbe Agromambqua,
Cebtre Anilles-Cruvated, Fetil Baurg, CUADELCAIPE.

ANDREW 5. MazD{EMALD, BMokecere Llniverseey College,
PO Box 282, Kompelo, TIGANTIA,

W I BIACMIM, [Mrgrtor, Canttal Tuber Crops Heseeceh Tnepbdlygle,

Tndean Coynell of Agvieuliurs] Resmenreh,
Trlvandmgm, Kerola, 1MIItA_

PRAMNELIN W. MAETIN, Federadl Expeclment Siadjan,
Muviper, FITERTC RICO (FTIM.

0. B. WILLIAMS, Floot Breedge, @aod Trops Bresdg Unit,

Freulty of Aprlcviivre. Unheersliz of tha Waat Indles,
Bt. Auguatios, Trinklad W 1.

DE YEX. DD Dlshap Buacum, Henolalu, HAWATL

In edditlon, ather =olunteers fpr iMa commliber ars needed, ahd dolecested
PTA0DE ATE Advised [0 cooimet [Or Jarge [Eam.

It |a proposed thet the comamilles oT@mot=s and presnt s newslelsr wiihin ooo
frear 4f dté begloniuf. Untll the commibiee con develop 2 alspdard palley, caniriim-
Hons infermdad [or e o=walelier should be gent wa O Lean, Lontrbulléns most
opprendoled ot the presens tme ibclode nemes, stdresses, and progtacmes of peoons
warkiog with rool crape and lsic of Dlaot oubeciels avallabde for &xefamge.



wili

MeiuTeily, the argonlsing cospmiitee ®ill Be cooeermed wich develnping & sognd
maxncial backine for the propused Ceupecalive and Mewsleiler (Tt an 2deyeale
atudy of Anaoeing cab Be AdFnered, the ctidy mmodp GroepsPs Phatl ooy TRcsons i
keeesied Lo porilclpeilug o Lhe Boor Crop Devclopmetl Coufsecalive sod fer ceceiving
the annuk] ‘rropleal Kot Crop Newshetle=t, ronlrlbute otie dollae 105, to ihe Wemperary
hakrpan.

The arudy grovp slea seengnizes that cectaln ewrrenl colleellate of Taot Loops aro
in fganger of exillnctirn.  Wr recommend thel sincer= effocts e made o pTedarpe
ibes= wrtil 1{he Rool Crop Dedslopand it Codgeeratlve 13 in a pesilan tn old ip thekre
ToR L b= ke N8,

The yolunleer commitbes £arposily =coWe Auggeghiong and edvice from lntecesred
petanns, #rprolally duting Lhe creelol eeacky pbaers of Fhle proposed peoiect

2tudy CGToup &
THE VUSE NF PHESHILAGLEAL PARAMETERS 1IN RO0OT CEOF BREEDING

H. & Stepplec ¢Cheibmaen) ;. Sldrek

T. Mernaodezn A. I Skecldog

E. . Humpheles J. A, Speope

F. W, ahiltharpe L. A, Wikl (SeTelalv]
w. ¥. Rayea

Gedtrnl Bemarks

The cemedllber waa ohie tn consider the ose of physiolefical  paramelere 10
impro«ing the productinon of iroplcal reot crepa, only In lthe mast general semse. We
Believed ikot ihrre= was fcn E0k= hauewled e pepllable oo Wlich Tw baie coreceln
pernmmmendatlons Boc & dopklallcpref Breeding proarsronP.  Drenetally, 1be adl=clioh,
impravenienl a9d BEBnerhL Agrenpmle Lethplques comrern|pg iogpelcA] Yool ciops aucn
Az wwept THEAELO, rassAva, yam, @ad 1he araids are relatluvely ponrly develaped  pnd
undceptond 10 romparlsan wiile cereals, fbre coops oad even the tempecate rogd orepe
ziirh A5 i1he «dible Seleaum patatp. Also, e degres of wnderstandlay and progre=ss
tnwards adeguate levels of peodoeslan warw In dITeecar areas of ko wrapice, wabld.
Avcocdlngly, we make ~he [I:IH'}WLI'IF! figac=ilong an an Apereach 16 1be  peebledt,
recoEnlaing 1hpl koMo nf awer suggestiane hawr already ‘Beepy Implemcpied wnid ke
decited resull Achlewed with seme crupy, In same cedions B K. swest polniees :n Lhe
Santkern United Srabtes ard Solanum potalces i YWenczuela. It is owur freling ghas
ithe txperenee gaiel In Such teglognt anould be wtilied aa Cer asr passille Ln alket
reglons — llntatle, gonnmmyts pnd ather Tackborg ATl LSRG,

Eusic Work

An lmpartant prescequlsite nf ony beerding progremase 1s e collectipn :od
clarsifiration of Llbe malm vacietics of 1B area In predec ta 6Plect the mosl poemising
oacy Protn exisllng materlel.  Cullection of cultivors fram cegions of Alpdar cliangls,
bt with I-U-]'I‘EE‘T' enpariente And swore sdvanced weeeding programmes, shag!d plsn
e mzde amd the culllvars svalusted wnder lnesl copdilions

Congeurcantly wrth the [nilsd colloeifon, classiBcatipn sod erlectign of eoltivors
Elrpd have dn Ine raken b Bmprave Lhe ReneTel agrobiomy of tho SPECTES, FERRENISIAE
Lhe majer dlz=asze and In=ret pest prablemae.

Thn muojar requirgmernt for lnpraving agrieoinle oraeeee ss the defiyilion of the
factars limiting the ycld of the chlel vArleties Ln the Tacal enylrosmiveat and hirmre
ldengiflcatlon aof Lbhe arens whers slpnifeant espenecs o wreal ment mry he abirined,

Srudize alamg chese lines showld Indicate whetiber -
1 bhe peellem of Ionpraving protoction [s essentlally one nf managemenn SULn

A5 Tl'lr_ll'llr-illrMIEr'!'l o 1ke enkitonnken! e sodt Bae epocied, by abterclug dazte s
Flaniing, cate of plaeting, [arullzer apflcaton gnd other AEr9qomic pravtices



3 ike problem b coe of breeding & new cAvar b0 Agil the cevirnoment, ax
{llustrzied by reslstamos 1o disespe or cbanges in growth faltern e

3 8 camtnabonmn af both fadlaobs

1t |5 suggrest=d thol growlh-aneirda techobgues be gaed o this stege, wih par-
Hieuler refecence 1o Phe developmeni of the beaf oorfoes and of tha clorsge orgam,
througbhout 1he norme]l Rrowing eseason. Wheo thice basic informetnn & astetactorily
docutuehted one can thes proceed ko iBe next moelor #top Lo the Programiene.

We 1hB1l pamime thal ibe basle work Jodicabed that Lhis seep €813 for plack
breeding,

Bread 0 Frogrimms

AR o bagle premdze we agbes that the wWimabe ¥ecilve of @ hrogding pro-
FrRmme s to moexicnles the abllity 4 the pdant Fpecies 0 rooirbyie fogd 1oT 4men.
Thla objecllve, o & very broad sense, can be ochieved In twa wars, famely :

1. hy lmproving the perfotmance of the plaat ppacles wWilkln the @nvironmacnt
In wheeh Lt ke cestinad to De ETOWTIL

2 By Improving lbe oulrltluosl ralue of the el pocllons of Lbe plant.

The degiem of mophlpticatdenr of e sgocyltorg sad of the conswmer ig cha region
v aToel whl dictabe ithe relotler Imperiance of the bwen tactors. Thos, shape, Sle=
and colnur vf lebel, consldBedne with 8 "grade 3E0daTd.” may Bave FTeAker rebbystds
In fome sbeas tRAn nuiellkomBl walue jn sksald,

The emast Alffiodll problem facing ba ix {0 defite bn whemblZtoun  terms, the
nhiecllve 9f lbe plabt Lreeding pyogrammd. A cleac SHid cobcdse dellnlllun of obfse-
thve, lenpller s repdy determingilon of the ereenflal perametnrs of khe  bempding
prozzamme.  In our gplotcn, the plont physiologlst hos o <lte] rode 9 pley 1o auch
& dohnitiom.

Xol= of b4 Planl Phyelolorlal

We mnbrloxf= af Yonct o Folb-wdafe itrolvemenl of Lhe phyulologisl In the deflthon
uf 1me breeding programirs, &y FOJLOWE |

1 To ldeaflfy Lbe physitlofical paromelecs which ate Dasfic o the rield
protanUal o the aTscles.

b Ta trtermlre thoee factors which are Inbibiting thes speciag Ln tha expresnlon
af M= moxEibugn pui=cUal.

a Ta asslat the ptanl lreeder in estebllshing the raoge and powreeg of varjatlon
which exlsts for 1m0 partiewlér parafl€iets, o order fhat he mey de=rmoloe
iheitr heclialslELy.

4 Tv provide the plant breeder with dmple technlgues of wCREWFlsE Erleyans
I?Bl"!mE!'L"'I"E_- n incdividwal plaktd In segregatbog _I:\-I:I-I:Iﬂ.HlI;.1I:|rl.lI aod heneg aE
errcting fectively for [mprovensent,

AL Inereades Inothe yiekl of (e econemde peTUun of 8 specics will most [xaly
be Achleved by pelenticn for an dnepaase I oedible Mant materal Eo eelatlen 1o LAk
total dry matter, whilst Increpslng ihe Eotrl Ary madter, The aren of Teapsktbity
od Uhe phyxlalogict iz 1o pbevide the basis for thiz pele=tHon.



Thyslabyrieal dewrrmdoenis of Yield

e Jdo noat feel that we rhmld ollemopl Bece te anumerate physioingieal paca-
melers that sight e used :n a breediog nrogromsns:. M6 Le guggraled ihsat these shouwld
e watked put Far ibdbeldesl crepd Rnd I neeessacy for parDedlar enwlecnmenisl
canditiohs. W drew altenciop. bowever, (o iwa wmavs o which ihlr peoblem can T

jrwearigated.  These are

1 Tl analvels of the contribnllan Lo wielt to & high yeelding varl=ty camparte=a
with a Irw-viekding wordety.

2 Conaiderptilom of the factack which have hean poevinely found 10 be Important
tricominants af yl=ld In other mare thorewghly InvesUgat=d erops.

The physivlogical explawationn 9F ¥Icld cam e Ewcstigated Dy llke plivdiclogksr
using 2rowily anslyals terhnigues  ba faT rheer have horn iocw LnvnRLige-10me af Lhly
1y wtd thts Rave heen done mainly on eoperale coeps. Defore definiic cegom-
mendacinns Fan b mad= to the plagt Beeder, hete 35 beed for mere frowlh onalyxia
investigeilaos on tooplcal cuil crope.

Iu temEerale crops, ihe important coniributory faciors e high yleld ave:
l. weatly establlahoeent of & Lerge 1eal 6T4A.

1 matnteciance of Leal emee wear die vptlmum level for as Enng ac paas]kle.
| maxlmurm divession of dry matter g ihe epnpomic portben of the cpop,

Luaf efMcfeney a9 fagesdvd by nel sasdimilution rate dpes el seem W be a wery
Impedant oblnbule althregk differenses m the net assioillefoBn fale wre fopngd
Lobwren varictiey and especlally with sge within ibe ane vaplery.

Althoupgh =imilac faclors ate a2 doub? iovelved In el dstermelwativn of bropucal
ol srogrd I 1 feil Lhal Lhe difTerence: Dorwasn e t=eper@Ete cllmAle gnd  rhe
Lrogheal ellmply and indeed helwsog e wel erapics and Eie dry *Taouwes gre ga ZFe
i1 separafe imvesiigallon 15 requitegd wih PRCUICHRE TEIETENC: [0 the Imapinat
chviernment.

It 12 alsa ratinln Chpd thare @] B 9livEiolaglea]l parameters othor Eqsp o Foady
rrnlwcord whilch are very Imperlanl iv pafllculas al<a:. Exanpies roold By donodncr.
shtamind where af 1hr rorrecl physaelagleal stike s Qlancisg, ablalning warle;|es
whlzh wil tubierlze wilh hlgh levels af aliroegen noTdion, opd 50 foTil.

The Troepknl ERrU0nmomi

IL Iz suRFrezied. thal breediog programmes and pgvolcioic stlals shaald he alp-
parted by cllmamolefleal reretds of pertinecl aspreets of ihe fnwvirGnment eseeceolly
smll moistuce 2efielt (Trgen yalnfall ehd evsporailoo esilmates)] ingd [oten1lal Ueeciss
plratlan ané lempecalure.

Tt ic alan fell dhay great advanbsfed in pooduetion may be dedwrdd, o some
troplenl elimales, from gromeng mace Phape ate croepF o ary ye=or. '[hé& AcCUTALE
topcumentilinn of annual elimotie sresptlang with 4o ahin to fuldlling Lhie papciilicy
i1 Lherrfore cecutn mensled.

Guality

Lruality hes nel een & maint ranadergtion ln sur disrusslons beragke we fmp)
Hat amallw Is larfely delermiocd by loral poeference,  Qoalily corsldecatiopg aTe
Impoariont, howeeor, snd muat be relaled 1o the wilizallon of Eie produet
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Tropleal root crop quRlity. for human and eoamal consgmpbon, For PrOCCESLOR
and For rpenufactucleg new products sueh os stereh shnuld e tokep cmba consideralion
It hreeding pragreonioes. sisneser this s posslble. Thls may bo achicved wilhoul
bring the prlmary ahlectlwe of 1the progeapdae by making routine recolds of e
[ullawing ¢laracteTlsticd of all promiplng vardetles ;

L slee, shope of Tools sod eolous of skip und fAesh

¢ chemiral composiblon of Toobs
2 EeOEing guallly of rowds
L) COREITEE quallly af mocls

To coficTuslon. we cergmmend that cacefin] eansideratlon ks @lwad fo the comditems
fa whizTh 1ew warleties are 1 B prodiceed.  The wadoty for A agpelctence agrieniore
may ol ai sl be sulted te o sopbestigeted cultlvution system. A Wi Gemspll varlely
My Heso TEQulre 2litpeiber Jdiffecrnt chorarferksic: Iom a dry wrosan vAriety,

We recvmmend thot i arcas ropcetned with these r7ops ihere shoald be Wwams
tohslillng of aZronsnlas (or herliculbaresta), pleand ehvslalodista, and glane Brecde-s
tn rxplers the mote |mperient Cwf bo the region o the dedll oecemsary for
adequeots understanding of the rejevpnt fetires. Inter-Hogional <ollaBeraton ahao'd
be acfively on-coursged.

Stuidy Grmoup 3

ECONOMIC ARD AGRONOMIC FALTORE LIMITING LARGE STALE BECOT
CRIDP BRODIMTIDN

5. Bansasly (Chalrmani J. 2. Chler

F.{l. p. roadior J. Moalner

1. Johmaah E . Hilgrm

K. &, Laeslie R . Radley

H. Melpnnl= i T. Slephabson {Secrelary)
Tieneral

Largd £2ple pont poodoctioe |2 deBned ox 8 loTge ocreapa voit of farm land
dewvpled th & glven ceop ratber theo & large tiial production uf & bruk crap due Lo
ike sum of praducllon af mavy amall feree wokf3. Laocge acal= moob praducilon tn
thls ceport will Be bewed om Tnoshamizating of a5 meny fell cperoilons ag possh)e
recher than dhe use of hand |sbowr, Inesmuch e8s futurg mdicatmns Ln meoy pecta of
ihr warld revenl g shortege ©of cheop avallabie Jabour far such ogreulierc] crops.

Fregedyrs

A guestlonnelre cayeriog the; me:o possible limiting fscinrs, bolh agrgRords and
erpnomr, which cab Hlodt large seale Foa? crop psaducidan was clreoteled smang 1be
23 couplriy repeesttlod by 4dr A¥mPoElvmm del=gales. The resubts of thess quéstlon-
DalLres were Libulsied ont the 1BEM Computer 10 glve a [Ty eompreliesshy= Diciare
af ferore which maght limit tnat erop predoctloo,

Freliminary Reenlis

A prellidibacy =cmnilig of the dats Ieedlcales tiel WEmiULE Factabs Lo larg= 3cole
Taok {rgpe 'I'-'Tﬂﬂ“lﬂlﬂﬂ rRME mATE eranamie Teihey ihen egroncmile, Sa0lclent  Jand
appears 1o he ovallabde for mechonizotom ln maosg eopntrees,  Floweyer, JToethec LB-
Termullin 2hd mxperleses |y aeeded io thy proper macbipes Fa7 placling sed hernestiog
meclhiaoieally.
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The cropemic Hmlteilana are oppacentty bared on pekoct of the prodwct, lack of
mAackrta (laral and expact), seavaoallty of producilon, sad Lack of lwfocmadion of coct
of productlon of Lhe varlous agronoedle (hases of mechanizleg The ool £fols. The
buck of proper oarketing facilllica aral appamnilr [ATZe Mark-up 1N price between
Farm price and Telall pric= wes Indleated in a2 mojarlbr of *he cooptreiea,

A Jarge rroup of colpbries Yndicated the poasibliity of pracegeltg of rowl <bops
|'E'E|:I'|.'f'1-!||'!|" CHECRYE] AL A MESRNB ol ma Eing the merhamzailon of Taar ot productiom
cconaemlcal. Hpwewer, mare infarmatoo {8 needed &5 ko eetunl teqpabllily Lo bhRa
parlleatar crop Bl coubtre.

Swdy Graup 4

IDEMTIFICATION OF AREAS XEEDING FURTHEE ELUCIDATION 1N PINEALE
THOCHRENDR 0N TROFICAL MOOT CREOFS

W ., Merbtio IChabmab) J. Ml

H. Iarrow 8. Parastamn

. Gullchel B, TicTre [Scoruetary)
F.. 1trm E. E. Tculllla

E. Juhi2s

The npiplen ked often hecwn espressed 1hnl bropical rool crops ars largely Iree
el dlsepses and pests,  Wo cansider 1his aea oo be BEC CCCCTEO0Us OBr ond altrabale
L#ia crrar largely tn an tncuflrieni awacensss aof the pyabioms which ¢nl<k Lndeed,
tar hists af diseases ansd el repud led en InRrcal misd cTADE Arg ShAr o can oo lion
te B9 wn most olbher colllvaled creps & belsf god 'pcamplets exoginotloze of e
liLeraluee Indicgsas thal 6Rre 16 [UNR] have bos Siecclatei with mnat rots and yep-onls
of tae ohove-graun:d poris af Wanlhnd esenfents.  Seweral Biagi Bave beeo assermated
wiih desxrases of Lnlocesls cacolenis, Xonthongma seglltacioliom, Dloscobra Spedlas
and Marsnte srandinaees. Too addBlan, haeterial, virug snd nebcalods disrases arp
knewn g vecur gz gl af Elese cleps Fany of 1the vine digrases are lranaseilfed
kv sphids and whii= Aa2s, and soweeal otlec iosecl p#cts arm kcewn 29 Spuae damapes
La e HLTiAl and wrrregceond pary o Ehowe ool craps.

in gnneral, waty 19it2e work has been Arne op 1Mpica reot ecope &nd shoscfoco
infutm&tion § limied ap sewecal aspeces of oot erop eeaducllun, [0 |5, peTheps, oo:
pitamrther insenlfoanl thut Ipnminte halaten, the roac crop wideh Gize been =1 gdosg
ranul ealenzecely, alio has Lhe [aveedl nemleer ol cecorded problems. There arg A1
leas1 30 fumpEsl digesces, 7 yiTud dieacsn, 5 pendbole diseiscr, 274 7 major insect
pesta Ol thia ¢rap

1.0L us now caprelng seme of 1Ee Taclcrs ln coul ciap araductlan which pastieulasly
FEaugiie the dewalnpment af diseasea and presis

1 ool frwpd are BT vepelallvely propagaled. They ihws provide  vxcellend
rexdgwdlra ToT wirkses and ollms polhegens.

¥ The aeappmire pacts af these eTopg are wnderereund and 4kiez aTe lisble in
cirert otinck by snil fungtl, bBarterla, nemaisdes and dnaccls.

d  Trr Seehllak amd nelbody of Tareesting the ecaarmls pares of e orops
taruiele waunding thus prowidiyn pencly avenees of ingrees [er palhegenes
uTdan:sms whick may cause cancldera®e damapfe L sCasage.

4 The [ung durpilon uf griwtl and the goowing seasas Twely uf mast trepleal
roos &ra Heely Bach 1o enhanen e theide ree of disrase shd lu reoder condeal
measares difcull oA expernsiee,
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Dbt bradw, Mxseasea ond pe=sts ore 1hinltdag farctats In the production of traplcae]
oot eraps. Hawewer, we fzg] thal the [nEotrmallon avalubfe 11 Insufficlant o perpat
w5 10 asscsa Fully the fpagnilude of Fhe probkags. Perhpps one of 10 0oL bomeactaiac
Pactiks caniribuling i 1kl deatiny of Lnformatlnn, pattleaterly wn 2 CoTiBdES ak04,
lx prlated im {he srstem nf peedwclng Lhese crops. Tolil very sorently, Tomt crops
wrre profuced almuesl exclugtve’y by small Earifners ARd backyard farmers in amzll
plols. Undelr such A syatem. ARS ey Eenoinely @achpe diaesdss nnd pest damage,
ar thelr sazeapllLility  may g@e unnaticed prnetpally bacuuze of the emelt oerepges
snvelved.  lnvoriobly ihe Llneldence uof digease and perin locresses gx ihe aercage of
& particalar crop 12 hicreszed. [ chould, lbevefobe, be cessensd la cxpeci Chat
wilth the sonlampleted Inemrpsed cmphosks 00 bhe prodwcehen aof ttelcal cil cooms.
licile known word previensly unkmaaT dlerpsae sand peortA w8l Beonbse evidenr, oe In
the cose of Colleiotrlchom dis=a=e of Bloargres which now b presesi in the el
Indies

In view 4f the prollems ouwtlined ohowg ibe study grpep coogeroed with the
pathilogy &nd endomelogy of fropical vrool crops consldecs b =niccmely dificolt to
lzalela specafie wrasr ecdlng furiher =loegidation. Indeesd, thig study group cnnaudoes
1hat the enllre Aeld stands In ne=d of =tucldatico ood sgTess 1bdl cartful cooslderauon
shnuld be gFlven Lo the following [obhke -

1 The pereonne] eOgSaged o repnarel om o dlseaaes angd pedds ol tropical mont
grops arg fer oo few to cope effeciively with Lhe present and pafeabiad
problema.

2  The @roup teeogrieds The beed Tor greater mmpPhasis on tesesrc], and strong
gugnort for bue developrirctit of depecmments In Hie scletices of enlomology
Amd planl patholmgy g tonpleal roontrles

3  With the preganl Atm M ed nomfe=r of perstlnee] ¢h@eged In reseaceh oo Eloroces
Aand pagls of teoplcpl yool CTOpRE Lvery affork should be made 14 G ur-a e
reppRTAtIVe weptunee gueh 3c seminace, pympoBls and exchange of Bbllo-
#raphlen]l camellcetions.  Tn Lhe apinion of Lhe group 1The Imporrapce af aush
actitrillexs cAtbot e wuver-emiphaslizd

4 Exrluglon of pathnpens ond pesiy Ghat gre 30t present in glven atess dg An
celenmely valuoble ood In combotilng dis=aseg and perls.  AdoquRie Attention
shnukd ikerefore, be glven 10 guatonttne Tegwlatipms and meRsueed, bedh om
a regional sad terrilerdal bas=ls 1o wvald the Intceduechen af new dl5eoses and
pecle,

5 Programmes for the lopeoveme=nl of ropleo]l copd crops By breedlng and
rrlerdan should dhclude screenlng for reslstooce to disepaey and PCBly 4 W
majer olpecilve.

8  Incresped slienion shouold be glven to The efficlenl uee of modern chemicel,
bicingical aod cultural caolral measures, €@, diccpae-Tece atting marerlal,
poop rofallon amd Jleld 3anitailom.

Study G¥oop 5
THE FUTTYRE O ROOT CROPS AS A S0OURCE NF CAREDIHYDEATES

1 F Jfohoslon (Chademen) D.T. Edwnalda
AL AlesanckeT | Secretaty] ¥. Ferrec
. P Cacho B Tonkry

H 15 clearly inporunl but alzo exicemely dlficult to gasess 1o iture paElton
of the irgpicat s crops A% 34 sawrce af cacbohedrete. Their npactance 0 bumano
dlets wid Lepend e the interscticn of thres Taclors .
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1 the rasks of preducing Tont erops compared wilh comeelmyg stAple Jaorla —
nelably Lhe pripa| rrops;

o L= gxeent 2o which the farm levrl orlen ks Imecensed by cosls of dlstribatlon
and penrrssinge: Ald

k| the nxtent 10 wwem ke Torm Bevel prlee In ineTeased by ¢nag o dkstribggian
and procezalng: and

q cAREmMer pribe=anses Wwhilch detsrmine che goantitles ransumers am poegarei
ra buyv at waiiods priees. The fuloce demend for starchy raols as lisestoek
feed will depend ecsentlaily wre tholr comEarsiive cosl a5 fthe enerdy <om-
poncal uf llvestork rabioos.

Thee apprar to be large Cifferences o the exlent 1o which the drenlcal roote
&'t able b compele ab @ cosl badls wilh olher gcurces of rceshohydeales  Under
tradillooai avslems of Exfindng Hhey Are eapable of glvimg yield per sece af produre
ant ol calorhes that 35 hagh relasive tn ihe albecmailve craps aveblable. They sre also
chpabbe rl givima reiafively higk wiehls Yer man-day, allhough Y&ms 18494 o he reka-
dvely demanding o Lhelr lobwow: 1qairfieents wheread nepndoc ja Parfwdlarly chean
o praduse.

Thny ATe, nf ousse, lacde local varlellons In ddields 60d preducilon obsie depebd-
iog wh Ehe Toct rropa, Eae varletly growi, and 1he lechnolagy wsed. Ta addildan, there
appenr 19 be rather atviklng reflonpl SIRPTenecs i FAr redalae coska of [he ranl rrops
rad enmpetibhg stxple fands 1n Arapieal Afrca, the monl ~cops, amd agsiln manlae sn
pacticulay — tend 19 be thee cheapest soucess ol food celocles in Lthe bumid and =ob-
Tkruiel ateas wheee Ther THAve, The sllhialbag 19 vory deTeron] in the Weer Lialleg
Price data Indlcate Lhal Tecal reg) coops aTo abodal A% rosliy opoa w0iznl basic ai
im=ncta® pogrRls whleh mrans tat a0 decmes al falaries shew nre soemclh:pe e Fhree
Umes 84 Txprnzive Thre fcrepeind prier comepatisen cpolies o ihe retand prise of
Mesh rants and Lberefue= 15 39 part 2 ceflectian of The rathier Righ cosls of transparis
Inp. storing. art handllzg 149 sosl crops brospae of thelr Bk and senlpeclaioehs
nature. There B al=p A tendeney fop fresh oranls o Bs TolRIerly Smieme exms pkive
it nrlksn candtes I Afrien, preosumably Eac The same rrasen Ful @ & number afl
Alrlran ¢ibes et lessl wne piocesyed rout poodect -— manlae meal o ger — 13 1he
racapest sudired al fwwad calarlog,

Judaing by the experieres al Lhe last ERlT renbary and mneye b tke Wpst Tndles
ithrre 15 0 Afronp tendorey for cansumers e shifl fram raob reops ta Titse KR wleeal
preduets as they eeme to cely  increasingly aa putchosed Ened. Thig shift hax beepn
pusyibile becaude of frirly high farmEn cechap@e earm'nds Brom sugar owod plbher
wspGrs Phat have proavides ihe bBoceign purchaeing power faz very heavy Iebuner on
Invanrted crceils. Tn facd. nzact fram farme hrosehalds 1het eRI kb4 malnly on
Faelr uwa pioducllan, The root croeps have become atimas:ly g veReiehie fuad that
addd vartoy to the dupl eaiher than pocraple fopd. T0 seems likely that sl oreceyl
the laral rnar rrops compete much mare wicly (h=Tled Irlst polaloes than with e
Imnnearied ceoedls,

Althaugh drpgrie of whesd produeis, aad o seme counirles Tice, have |nebeaged
sharpty In tropiral Africas, facd impnrice have Tl 33 vet became heehly [iporiant
In a Eo% inglences lhery appeacs to bave been 6 ooendcncs for growlne demand o
urkan ateas ko by salisfiled o impacts rather Than expandleg the fow of Indigenous
ruord wbid ddher sluple fowdls. bul il apgeears to I e excrprlon rélber tham a
dominAek Cegliera ps [k 1R ey Indles,  Allhowgh s |5 cacgalp shitl tolalk demaod
for tfood will grow rephdly with cthe growih of populalion and nsiRg perocaplla nesoe
Ust &ff=el nf hls pre the ceal erepe e upceTifln, Telal and pec fapiie conaLGprob
of fir creps in tropical Afrlee wetl ne doum coblinde to loereass for st e
untll itipanes rlse soffickentily 0 peramt a pwbstaniial shilt o predecored fApds —
Inilgkty wheat praduetlod ar rloe and sventually hgh #8051 But profecced itema spch
as m=al acd dalry prodbiaers [ W Weal Indle=s growlh af demard assoclaied wilh
wopulaticn Inereasr TRy Eor & Umie, offst The teend towerd declinlng pep caplts
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ecopcumptien thot will prubably coolnie. The view was sdwaneed what £0Tocrs 1o
promote cansumpUol of lacal bedl eropE M7 eXabipl? populariTing mewt wWchnlgues
af prouduetion ar lolcd bClFE pOeCrssed Praiyclo with 4neg §ranspoart angd homdUng
characicrestlee of 1he %es{ Afckcan pae] or Erazilian farinbe ds mandica meght slow
or ewen rverae the teend Loward deellnlne comsumpgioon. Bul this ls hlghly gpecu-
laliwe, gnd U 13 understandabkle that, f2om the demand pelnt of view replaciog
Imrported “Lrish” mdarto® by Jocdl pedlociion v ceselwlLE outh sllenfen

Tk elatemenl i sebiect i many guatifrolspnc.  Eyen mare Important thas
the tlme Hmltelloo woder whzrh the commitfes ppecated ls Lhe tack of celiable
lnfarmation caocernlng consbicer prelerence o vedous sFeas, compAretye costs of
aroducilon atl cuMmpal-alive cosl of |'|-\!.r-‘|'||.|I'IE. steTing And tpanspheiing of TOote GO
verdals and of gl dUTeTEne roofs

The rommitle= wat uoable 1w et Inlocmatlon oo Latin Amesdca and Asie In
meking Iy reocpmmendalicn: amd daes pol Bee] equalippel and compelenl "a formatole
staltinents on The Tuiura ol maot cripa a5 a sancl: o CRfgohsdrades Foc theae alreas
Thin atpdy gronp wiuld, ks v drew on 1he kenwladpe of penple In 1hese ARely by

1 gxking del=gaiex from these aTess thalr viev and

2 Ly rorrgspRTding With rxper|c hased 1m0 fhece ameas,

Study Graup B
BOOT CREOPSR AS FAIMART S0VURCES OF CAMBOWTDRATE

E.Il. Cari=proy (Chpicmpn) A, El Muohandes

D. G, Coursey i, G Ganguinreil

B. . Ghash 7. Seafacth (Secretarv)
M. Llues i Thamlgaw:

This Re=pcat olme= to idenlifv areas where mere mork 15 ooquired tp dncrense che
atbllyatlnen and procesying of 1reofical wool crops, and. lo show wavd of prumcling
lotechalivng] socpeTAtion 10 1hiz [,

A, The major wopleo| raot craps, orcanged o diminlanlng arder of knoaiedge a5
primuaf sources af carbuhydrale are ithe sweel patato, 1he cassava, the vam and
Lhe ed:ble zcuids. The Siudy Grodp Azuel? @b {he Tulloweng specide arcas al
the guudy af theco erope,

1 The nerd for maTe informsHon on dry moatter Qienlidy w1k pespecl too DEbHss-
oo of roepkesl root craps & foods and desd shoifs,

There 1a 5 poed (of lerge seole procragleg amd & gFreater swallabilllr of trogacat
ranl eropa as Foands and foed skgfta

[B] The S'udy Troep Waed the wldesp2esd Impatlancse rl rassavs ows A Toon
wihilelt growe wunder o wide warlathon of etologual cobdlitlons.  Far example,
In fodep._ 0 the Stxte of Kreales whete {he Cadads e avebages over bhrms malilan
tons per yoar, Fomipracessed ceriars R cRips have Teen gsed Lo help Break
a tecent famioe §in the Stale of Penar. SailsToctery rezulte Ate raported
willy Ihe use of coddava and ruiticive supplements to foed poanlley and calle
in pome pRTia of 1he ward. This ceep could be cnrsoraged b troplesd
pruntniea ac & replarement for che cepehslve imposted anlmal feed stubts
sech A3 oals om] maize. Thraugh colbage Imdusitles n India Lhe cassrus
Lr. availohle in forms curh &5 Brlod chips. Tme molhads aleeady in use have
sulwesd Lhe proldeins of detodlication aod nf preprTvIng 1he CoDked CAS3Awa.
San-dpied hipa can e atored for os long os slx pientha.  Cnezgsg orarels
and glurcse From the CEXSAYB 8TE already in Use In the Delieg Stagec, fadis
and clsewhere. Howewer, ihe ceespva 99 pothaps an even grealer future
a5 a milled Avur wih proepecties usetyl for IncerpoTstion Lth bread ooeouotace-
tuze and 30 atfiet lod watkles.
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[B] Thn sweel ataia 19 apparcontly e &ocond warld spurce of carberyarste:
from tropleal cost @rops Alhaagh there see cacls ke pTofeads Lhe wwe of
valluw Meahed variebies high In carateps eenlent Ehe gETaater demand Imosoune
atepd e far ¢ha whiie fleshed patato. And it da LHeely 1hat thas will continue
anil] sooeelapbils and ecvnaenls s encourape @ chanie. Meanwhle, in Poerio
Rico «Borls ate baing wade bo eprave wh'te deched variplles Foc cadfibg.
Swepl pobale culivatlan M foods aod fzed 51T £heald e eneouzaded o
“he tropical lowlsads by ploes’ of Irsg weelk mdgpiled e ke the Selanum
potaba. 1t s hoped ihal the imore esienslve preduorilan af tals ergn cauld
reduce the cost af penAlrerioR,

The wapet potalo Is already avollelle in camned, chip cod Aake forecs o the
1niedl Hteles of Amerlcs. Yame and cdible 57elds can be oXoctaizad By ike same
cquiphieht now aged 1o process the sweoss pocpta, pesvided the ocaocembe prillemes
are golved. More sbeotinm shooln be padd ba the gquality of staceh derlved fram
ikese ronl crops 40 meer A srpeelile cullnary neeft, Farolnstoies, wmo=e studlos ahould
mr f4one Io celalhen L 164 1EatuTe requlied for 11w Ioportanl West Afrvlvan yam food
ralied "ia-Fu,” spd UPel whieh Ie Jdeebred [Torn the larg of the Pacllle lalanda.

{rl Cempared ra the eaasavz wnd 1he sweet potata, 1hate e pnel 3653 dafa AVALL-
pble on yam and the =dlble aroids wlhilch are hewover grown lacgrly a5 hame
Fardem veaelahled In moany Soinkries  blore pf these ool craps maghl he
growno profilélly Lo rotallon willy sloples where Lbey are ocw pag grown e
ihe traples, They pre hieghly secepied everynymerg.  akd  fhare ey b
E’IITP-”E'-I]E'-:F grogl reluros trom reseoceheg 9n the domestleatlan of solne ol
ihe gt well-Ennwn pama ilhioeenres sppg Gnd olible srolds (XKontt hosomes
ansl THpopale pap.}-

tdr The exlsience af ioxic Dlozcercs apeciex showld be ooled. They are wred
in an mpergecy as Tainice relied Jowd, bol With cultivallon oo 2 lagger xcale
ihey sboaid dod mare estensive Wdoegge gy Tuodeb Fr alter proceasloe widch
incluges Seloxifeation,

2 U'hece ls an wrgenl negd fpr mure= jofcrmatine o peeprer bandhong snd stoarpzae
af all teoplos] mvui crpy to oxtend thebe perlod of svoilablllty.

2 Rool ¢rapp B9 Tew materiakbs [op induatels] mroseascs;
Thrre is a lark of nfvrmatlan In determine whethor the four male
icnplcal ceot eroos [swest patato, rom cassavo and gralds] are Ymdcrchabge-

pale as caw malerlols foc pooceysshing for lodusinal ose

(ay Starch mapufeckare for the paper and Aealile Dpdusley [Bon chssara and
frem swret polata is elréeady caffled dul ln Mexlen, Easi Afmra and olses
where, Glucose, wlcohul ahd elber preducly are alse being vblaaceed im0 India
from Lhe catdiavs  Infer-dlaciplinary termy ol ecofionlsls and herlicolturlsea
wolnld consider e same cazes the need for smoll feetaries and oy pIRnralicns
nf tropleol coul prups o iake b wlaes of rthep slacchy eTopq now sToam
aoly wilk ALl y,

thy It s wnllkely that vams amd the cdlinle arazds wonld Ly 2erersl be wsedot

rpw malomiala An andusirial poeeesses brepnge By aTe gTowal malnly o1 facd

s al goeater cuskt thab ke vusseva.

-_—

4 Tht preperstion of 3 manggeaph on iradillooe] culioafr methods waed fyr

iropical ™ol crops In arAer t0 increpse el WEECAALoH -

Therr 15 necd 1o eullect dota on lndigencos metknds ol wge and piosercalicn ol
traplcal rant cowns. A WorklE pafly dziwn from pariicipanls 5 this svrimodigam
chould cobleet sl peg 2hd soEln-eranomle dalta relevant to the canditines weoer whiclh
the fuals are prepared by sradithenal apelhmds Iiom leasilcal cont erops, from couniry
to eouBRMY



i

R Anather mobr Feodnmeddation of the Sikdy CGeobp i establshment of
tagirnal &nd Internplonzl COnpErmthnn and ":'Ell]-il.' COnsSYTEL IO BiodiLEsl WDrkars
In tha AAIA ol tmopleal eod creps Ltllbseildn. M cesommends ihat Aappeoe: fnr
this rork shewld be acllvely Souglht Trave almeddy establislied Iniernatlernal in.
cilbuilone dueh A8 {he Food and Agelcoltere QTgandsstlon of Llhe United Mations,
the Inter-Ameclesn Inrltute of Agrwylural Scecnces of the TRAS, snd ohet
ioi=rested argaidaations.

Stody Growp T

THE 3COFE FOR IMFROYEMENT OF DIET THEREOUGH INCREAHES N THE
NMUTRITIWE VALLE OF TRAOPICAL BOOT CROFS

J. Moner (Chalrmah} L. Croxsx
T. W. A Cair H. Jaflers [Sectalnry)
W EE. Charles J. Rumard

1t has heen makl exighiished dyming 1hic Symposium that dlerocr hahits, AraTeilly
of grozon, and the evoilabllity and producticn patential af Tnat ernpa In many coguma
of the tropecs demangd thei [copleol Toats play 8 oalor tole in supplydog & Lerge
prepurlon alf the dally fwod Inlake of millicos of the world'a pypulailon. The great
pdvantage ol these ronie ovar obMer ¢Cops 1hal canp be peeecsd o the iTapled Lles Lh
thelr poienilal for rupplying rxtremely lerge quaniliicr af wtillzakle ealeries per wnlp
n? 1and orea. This bude advantage. gnd the ecimamles of commerrlg] poodyctapn
require Lhat primary emiphasls in coot erap improvemenl be gives ta tnecessing acios
of £dible Jwita.

Generally in mfead where roob cToma suppdy e mAdor parilub of the dally dood
Intake, proteln end mobe specifitally athino-aelf deflckeneies and woder-netcibon ara
widespread, 1t |5 pececally accepied chat ihe pruteln quellty god oulpitive valoe af
most tropteol Toats are very Iow; hawever, complae sid aeccurela echemleal ond
mulrlent sbelyeea for 4 Wide cande of gelellc mAterisls sce el avallsbbe o pllaw ks
ra FERPRE Jhe [pprovnment S oquitiive valde sl Taiphl Be posltle from an Loteoslve
breeding ang seleclloo progTom me.

DK Lhe basis of thesy Dadngs we would sa@gest bhat:

1 Any sttewpt Lo imprave the noteitlonal level in certoln imopiral wErae st

iovelve gome considecpilon #f Increasing and malnlalitlng an adequRte cupprly

. of total enleH=s. This would Infleale thal moper sfephadty showid be placcd

On Beatures 4edigied 1o increase weld o=t unic Areg q0d fa Increating tnial

produdlon. Selectior of warielies for vEeld charpeier|slics and laprroved

AETONOMIE PrACTHYS wolkld ellow rapid profress te e mAde 1n (LT £4:1:1T,74
calnrde gyallohillty,

¥  Coneomltant wnth selectlon  for high yield: prodeio, aodos seed, vilemin
wmlneral and fo¥lc pAnche pompasttiem shrsld e sbtabned far ol owaillahle
genélic mpierfnle. Thiz will enablsh the feasibelity and peape for imprwwibg
the puirillve vple of 1heae Lerplecal moels. Tt b recommended 1bat arrenges
menis ha merds for ottphbliching statidatd pPicedores sollereetng, dryibg, hends
g and Jabeliing of ammiples and thel soiie Inslliulleo he seleaclied which Bas
the capocily and is wilting 10 undartake= tha pNeiyEls, compllelipn and d)3-
Letbuticn of LBep= dats,

3 Bretoume _nl' 1the low netchtlbve value 1mdicated, 1w economtre Amd Faprhbl ey
of aszacialed eropplag of roat creope with [egumes should he Lymestigaked
wliih & view in FUPRIxIng & mure bolalvwed diet.

4  Suwdles be undertaken 1o nvestlfsie poscihliities of lneorpursting dehyaested
Eorrna of thewe ropis indo eecepbable, eprepnd Fosd prepatailang 6nd to a1y
the value of leoves of thete crops &t hwden fomnd



vin

Foasslbliles e ewplorsd Lo Inceeaglivg Lho: w8 emtian of voels B0d the leayves
af ithese plants in stock feda by order 1g Inerngse the aupply of detary Animal
proten, and 1a reduse rompeticlon beiwesen Dveszack and homans for ather
fepd saurces.
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EEFOBT i THF FLENARY SESZSION OF TIE INTERNATMONAL STMFOSIUVM

o THOFICAL EHT CROPS SATURDAY, ETH AFBIL

Artor B Shari poesiniation to she ACletical Sial who asnsticd al ihe Symposhim,
the Meeling wea opened and slody group moerls réceived.  The Chaicman thanked
participamta lor the efforls taken lo cemplling Whese cepotta. and tirelr sdepbion was
rarried vnamnvimowasidy.

The followng molions were then tabled

A. L.

whereas ibere has been 3 khighly fovdurairk= iotecoalianet portripation e
the Sympraivm un Tropical Roat Craps (ISTRC) spaosered by the Unaversliy
al Lhe West lndles vl SL Auguwsllne, Trioddad.

Wheress thiere Bagd Dean b capreczlon By the Ysfleus delegate=s rikeTdINg
Lht Symepuaduin Gl 1he beed g furthering ipe fneread o research @ wropleal
ratt crops, R0d

Wheroas the papers preséenled by Lhe deléfates have beeo of valuable loteTekl
and ¢ralrlbwted oieeh v hoewkdge on Lrgpigal rowdl nropk, has) deere sLLL
remain Many Enincwersd qaecilans Wil o fundamental ond spplicd Fesearch
ot Ulsla subje<t, It 13 heesby resolved thats

The membetrs of 1The Orfanlzlny Cemedlk2e, the Choicman enl Yecr=tzries
of the zoven {7) Slydy Gredps shd any pArlcipants in the persent 1STREC
wWhie arke W'”“"-E i walinlecr shall ferm & Contihding Comomllle= o @iy
mminAier thr  infncmaticn gthered 3t 1hie Symmaelam e the Yarloms
md{vidnely allending as well a1 Insltwtions, apeoeies pod ArmE, wha ol
Aul 1thly kaowledge ta uwse faf the Jucthering of frraduetilan nf dropleal rand
cTap.

That cpid Etanding Uommitiee shall W empawerted (o selleil and cluouse Lae
gite of & woond ISTHC Lo e held three vears frorn koo

Thal tho hnesi Insiliutton for 1w next aympEne uen chall take ppy the crsponsl-
hilitics, hoth Ananclel and admioistcailve, of the aecond ISTRC caunaesl iram
e origioal Slending Coemomlitee,

Maowed Ly : Do Grocse Samacls
Secomled by : BMr. P H, Haynes

This was rarriml voanlmously

LI

Prafessar IL A. Rleppler miowrnd and Dr T J Rogers secpnded 1ha Progrash
Lhal 1be Chabktmab and Srcometary of (he Ceganling Commiltss ahcold bold
ike amipe #Mess In the Continuing Commlilee.

T was pgrecd 1hat the hosts fur lhe stcund Symprelum saopdd ve phieer by
Sep.rmber 6T In preer Lhal edepeale prasldloo eopm be mads far 1hls
Meeting.

[t was agread that a newsketter he purhllahed which  wauld  Imcorpacoie
list al 3aioes and addresses of persons %ocking on Lhe genriite angd breedng
nd trapiral ool craps peviadie bibhiographies of recent nape r: Lels of wtocks
nt masarrlal avaszable tar exchangey, preeedic summaraes of he slolos el pertlcu-
AP cropy And fhaet Iofermaties eagerreh notes. Tho wisk wps R R |
shee ARe yrape Gf Lhila wookld dneteose Inome

Suppapt of the Symisuplum for Dr. biontaldos BIWEGEraphy was expressel
abd thn neod to +xtand and ie complete thls merk was indlcated,
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Oir. Cpureey faubdecl ts the spproval of bix THrerlorap waz dnwiied s
chalic a uub—n:-:rm_mime ty denl wilh 1he «31aWlignoenl of ao  Infocmatinn
CenlTe for Tropical Hmal Crops.

Profeszor Mohad=vaty BVTEEd peellclpants 4o dge khe UW T Librar af S
Aufdaune Ay & cepaskiory for iofprmallon an wrepical oot coopa

The Cabtiouing Commlittee wap charzed with the reEponsiblity of TMdINE &
chalrman far & commiler which wonld % pspignod the oespopalbilily of In-
verllaating the possiblllty of esisblishiog so Internataooasl Res=arch Ensiliole

for Treplenl Roabl Tropd.



DEMONSTATHING AND TOURS

1 Labarmbory — Coardioitor, B, PlETTe.

1 Uytolagy of sclf-inctmpatibllity o lpskoea spp.
Il B WwWilllame ahd F. W. Cope].

2. Crop Froledtlon.
(1] MAeToscoplc symplams, aomg

{11} Photommlerageaphe ot diagcese cousing orgonisemg and cultures, of 1gme
mnl crop disenses,

{B. Iton ged B, Plerte)

{} Elb cyeles and domags of gecie Fo CEDDY.
[S. Frarasraim ).

3 Phpelelogy o). A, Spenee end Lo AL Wilkoo),
(LF Detponetteiiasa nf crawd aweet poksla lepves,

) A simple syatens M gand culiume for nukrient Bludie:
{uly Reclprocal grafls of sweel peiisto colilvaTs

3 Feeding trlels with sy oo rallbe contalnlng musxtures of dehydeated rocl
crops.  [H. Jeflere).

% Antborron Evaluabion == Demonsltollon of Chemicol Astoy of anibhthamin
pikoreru Lo aweel polale [ube=r: LC. E. Sedfarth].

L. Library

'rhin dlsplay fealmbed ERleetHEY Frodm Lbe avalleble mAlecial nn rapleal Tonl acops
ang incledod baooke, pamphlews, Jourpale apd repriold, A blbUograpby of seccted
molerial aecdmpanled Lhe ALeplay. (MrE, A Jordenl Ald Mlis 5. Evelyn],

III. Comprler

1. Fitm (I2. F TageTa).

%2  Smme wsca of the JEEF compulec In agricwltural pnyeatigedons.
(3 B alnsenugh),

IV. Field Vil w Tessca Fond Crops Demonslrplion Farm sold e Unlwecaljy
Fleld Eialisi

Cpordinaipr, BT, Stepbanran
Tersen Fond Lrvops Demmixbedon Farm

1. Developmedi of smdchanlsed raot crop prodisction.

(B T. Zteyhatzon, F. H. Havaes and Trociery & Mathinery cTrinldeds Led.
2 Roat {reps growmo sn the farm. [F. H. Ha¥tenl.

A lrisk' Polale Yarkely Trisl (F. H Havmeak.
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Unlverdty Field Shalioh

1 Insh’ Potate Agreoomy. (R W, Radlex).
a 11y Eange of ¥am cultivars.
3 Crop peotecllion chamtlcols and thelr oppllesilen

Tour A. Somwe Laod Use Patieras iy Tripidad,

[&d4 by . Brgem ond P. H. Haymes.

Thia towr wag dosigned 1o Intendore parelcinsils to 1he raage of sgricaltyTal
entlTenmenl In Triwdad pod to dnddeats: fhe broad peblerns of i ezplucalien.

ié)  [mignatve Wepstah|r Productlon by sl holders.

Araoguer E3lal=x um A, MarMillin
(b} Intengive ozetpble Prodwclion an LATRe BrAle

Trioed L —= P. Richurda
(¢} land Sottlement

Waller Field — E. J. Homilion
(1} Papes—y

Valentln, Loog Sirekch e 1. Muirtpy
(&) Uitrus aod Cocoa

E]l Bemiuw — E J. Hemabton
Iy Coroopwla ond Beef Cottbe

Hadva-Cucal — 5. Boveli

Hriwro wvia Drigawd Hill — padoTacele view of Hanyvg Swrmp.

Toar B, Tobaft.

THis 100y Wed mon-fachrical Brd way devobed 1o slght-secing gnd sda-bathlng in
Tabp P,
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INTERNATHINAL SYMPOSIUM DN TROPICAL ROOQT CROPMS

LISt QF M4 /ATICIMANTS

RARBADOS

Cokding, E. Gralam {Mr.y,

Bugar Profucers’ Association Inc.,

Arronpomy Ressarch Lhwil,
Edgehill, 51, Thomas.

Tefers, DeCoursey (Mr),

Mirustry ol Agricoltuic,
Bridgetown.

Joseph, Grus (M. ),

S nfles Chemical Company,
Sgethern Cartldcan Daviaion,
P. Q. Box 98,

Bridpoicown.

Mebnzy, Jahn (D],

Hrinish Hl:w,-:ln]'miun! Di.'.-'i.sjr_mr
F . Bex L1677, Broad Sireet,
Bridgsiowr.

Fatgrm, E O, (M1},
Minisiry of Agricolture,
Crurnprim Sirest,
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ADDREPSS

Hoo. Lionel M. Robinsoo,
Minisier of Agriculiure, Lands and Fisherfes Trividad omd Tobapo

Lidies and Genldemen :

I beliewe thal it s groetally wcoepted now that the develogpment of agriculiure
it crocial fo the economic soccess ol Whe developing countries, and thet as
Prfessor Mytdal the meoownod Swedsh scooodausi heas seid " 3 5 dangeroms
illtsion @ Belicve that there can be ey stgnificant ecomomic develapment io these
countrics without radically rmicing the productivity of agnceltural Wbour”. The
infarence being thal falure in agriculure witl ooly resole inoeolal aod complete
failure with alf that that sigoifies for 1he goveromenls aod peoples of all our
(4L [l bl

Ths pligh! of te developing couniries has been described and expleined i
depth — a5 we say 1hese days, and I hawve o aotention to owihne the oiagor
factors responsible [or this ¢risis a5 this has Inzn s0 ebly and so tharoughis done
elrcady. What] went to stress here, is thot I Belicve that in large mcasure e
solutinon for 4 siganificant proporion of our leatis 1 ke Wemt Indies and m
the dewcloping countoes amend dhe wordd rests with peaple framed In yoor
disciplives and possessing your skdlls.

We have begn 10ld andd T accepe the aiatement, 1har thert is enough scientifie
and technical koowledse availfuble for mevolelonicng backward agriculenral
praclicet and modecnizing the agricoliueal sectors of the developing countries,
We hove alud besn Wold and this oray come 35 a bit of & sucprise that despite the
balance of payments and lguidity crises of the developed countret that the capital
peoaviblable to oweer cthe requiremcncs for the wodemizaton of the deselopin
world's agrivelive, | am ot [or & momen suggesting that all the capitol shoo
cacne fromn our Friends in the sdvanced industrizlized cconomsies, but only 1ha
they have gaough to Rl the gap which will exist afece domesisz rewomrees and
savinas have bwen tupped o Lhe developing codnlres.

The fpeee gmven for the necessary drnuwl investment for agriculture in
Africa, Latin America, and Asia eacluding mainland China s approxamace]y
8.0 bllicn US. per aanum of which 52 biltlan T35, @ said to be the Foreign
cachanpe component. The problem which easts, bowever, is asrociaied with a
ralher pow cxpression or picce of developmental jergoa and jhis & Habsorptive
caprcty”, I the workds of a World Rank cxpen “the gap which cxisls is Jargely
a latent one; this Jatent need can become an effective demand for capital omly s
famaers aneccace their capacity 0 use and bonefil fronn investnents;” — and this
my frends bangs me hack o yoo people.

Miniserkea of Agriculiuce in e devalopting workdl have the imponane gnd
vilitl task wf oaobilizing and allocanng hedr covntries resuunces aa as 1o newlise or
10 weo the eponomisis jargan maximisc the eiums: from sgriculecz. The directoo
for the couniry’s effor in ggriculture must oone Teom them, but tuch & comples
task wempecially i the developing world séquires — aod this & pan rf the job of



mbiizalion — ke enocetn and the atrendien of tbe oounicy's brat edimds
capecially o the soieotific feld.

Sewntific mmcarch and icchnological sdvaccement and progeess in e
industriaized countties which Has come from contimuoos effort and coneEnt cation
oh their particelar problem has in bame created sericus probkms for os in the
develoaping world amd has brought ws Fage 1o face with the probkem of the displace-
ment of our treditional exporis by epynithedic cubstiutes and further JiBotibe:
which hawve arsen from the so calked “'chemicalization™ of industry. This & the
dilcnma which we fago, schence and echoclogy can make ws and lreak wy, all
apparently at the ame Wme,

It would be fally aend wndesd npossible o iy W contain or coostmel the
fronticrs of knowlcdge, this has bern tnied previoualy only to fail wtterly, Whad
we have 10 attempt to do is to apply scicoce and technology Lo the selunon of cur
paricutar piaklene: just pa 1he developed countricy have sueczssindly Applied them
to theirs.” But even this may nod be enouph, for as Profisssor Myndal bas aajd —
“it & nof cooogh to adapt and adop modermn lechoclopy th the developng
cowmtries, bl to have o pubpantat part of anomeetased mearth actinity direeted
to the concrete production pndbleros in thess countries where codditions are s
varisgated and differant”.

What he is in fac? saying = that merely to attempt to adopt o wtilise the ot
eadecn techanlogy or scicntific metiods witlool finding out whelther they ate
the nust swijalle or appropriate a0 the given cicamstanees may  selve one
problen and create twe, What i requited and what I belisve 0 neqessery i ypoy
pardon my presumpdivenesa iz thar owr acientists and 1echinicisns chould fist of
all ey 30 Jubly wnderstand dhe envinmment @ wiich ey have (o work umd as my
econamists Nicnds !l we the facton eixdammatens of 1heir respedive waw ties,
ihat i~ how much labour to combine with capatal piven the fact that lobour @ the
abundanl Eso0ITe @0 BYery casd

A Jook ot your progrionme of discussions hos coovioced e, hawewer, that
die emphasic sd both the Symposium and che Agrieeliveal Conference is on what
[owrald seem ceverly practical isuwet gl problems which confront the Wes
[ndian facmer. 1 am guite impressed also by the peaple you hase Lsted 10 peseot
theso ropnes. The Symporivm and Conference will | wm suee cetult io the pressota-
gomt «f mamy concepis aml dcbeas which will be of great ascistanes to us ol
espccially as food crop famming oo a commercial besiz g oppoked to 8 cubsistence
kvel s becoming wiepread iw Lhe Caribbezn Regwon, We ourselves hers in
Trinidad end Tabapo heve in pur Crown Lands Prorrarmme fxed wrgsts Tor the
establishmend by 1970 of owver 900 fooderop and  veperable fatms, so thatl our
interest in the procesdings here 15 more than assumad.

I heve alceady taken wp b mech of your valuveble vime, so I will leove you
1 your deliberalion whick [ have pood reason ta belicwe @il ke Weih reoardiog
and] path breaking, My cnuptry & indeed poawd (o be st 0 such B distinguissd
gathening.

Thamk pow.



THE STERILITY-INCOMPATIBILITY (OMPLEX OF THE
SWEET POTATO

Franklin W. Marlin,
L5 Depgriment of dgricullere, Mayeguez, Pueria S

Sex has boen well- esrabliahied as thee almost weversal methesd ol reprodocinn
arnang aniindls and planle, The sexwal process has meny advanlages to the speeice,
chief of which i that oL resplls in 3 comiland ceassorlimenit of the EnE rnaterl,
thus giving vise 10 new combinatons whch may hove superior valee, But the sexwel
presess o5 complated and demands a0 bigh ocdee of coolrol of physiological
processes, aind exarl Umiog of cvents. The genctic informalion must be systernatic-
ally halved, armd the twa halves trom dhffereae paremrs tenately ecsunired  The
oLy ferned andividual meust then be punlared to a slate of independence i
ciher parend, Uecanse the prosvess o5 comoples, ot may be disreped imo pomerous
wavs, Caprickous cxtemal forces, ineer physinlogical distwrbances, o tnadoqualc
information foom the genes themselves may inereupn any af the [ona senes of sleps
in e ocnmal veprodective proeess, reducing 1he potential nwnber of progeny. Wi
call dhis result sieelity, bat stenliny ps bor 20 endd penctucl. T animals and plante,
the atmily of slecility producing sysiems may not only be fascinnting, bul haz
numerous practical ramilcalions in evervday L

It is intéresttng and podewomhy that planis in contrast 1o animals, weoally
have the 1wa sexes in one individual, wery ofien withio o sinple Tlower, Thas,
maling of identival male and Ezmale may occur, which restricis cachange of the
genelic maledal, and leads suecsssively ioa more homogeneys and uniform proceny.
In stiech cases Owe advaniage of gex may be loa LEis not surpesine, theczfore, 1hae
vatinus phystobogical processes heve develaped in floswcring plants f0 immusde the
prucess of sellfonilzntion or ingrteass the likelihood of crossing.  Some of (hese
meclanisme are self-evidenl. For example, brighe-cobouney, codorous flowers afract
Inzecls which nadvertetnly sarry pollen amd offect fentilization. I some cates,
parts of onc sex mamre before the corcesponding pants of e other, thus Ieoving
an infere] when erssing oo pooar bt e selling, A serics of refated processes
in which seli-Fetilization or se=d production ic impeded by arteenal physicolopgieal
sygrerns are grouncd under the name self-ancranpatibilety,

It is important ko distingoash hare betwesn self-incompatibilicr and sienlicy.
In the c3se of sell-incompatibility, all sexual processes are pormab, Yiable zameles
are poodueedl. Bor gametes from the same or genetically distinet plams, may
fumction perfectly. Thus, the plant is not stecile per fe, sacept in matines to iself
Therefore, sell-inoompanbility hiz someffmes been colled  self-steeility.  The
distinetion hetween sicrilily and ocompatibility is of paricular impohance when
ome begins o stody pocr freil ot seed €0 0 specilic plunts. Forunately for the
genciicisi, these proocesses wsually accer scparately, and thus can be stmbied inde-

proghent [y,

Bue when seenlicy and incamipalibality oecur in (he zame speeics, sApATANOL
trd wmderstanding the varfous systems may indeed be o pucee, Moa so fac T have
talked a3 if slenlity wers the exact opposiee of fecality, eod sclf-incompatibility the
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exacy appoiile of sell-compatibiliy. Thues, 1L might have given the impreagion that
ihase two kitnks of bebaviour ere cach cxpressed in only two ways. Bud in reality,
nll sorts ol inermediste hebavioury occur, whish we eighy @ partiad stecllity cr
partial szM-ipcompaubility. L bave the good fortune oL presenting to you Ioday
some data and some apinions concerning a plant that demongicates wory well the
complexities of both knds of bebaviour, the sweet potate.

The sweel potate manks third i mponance smong vegetshler in the nilad
States. Ir is now widely distributed through both temperate and tropical — areas,
Although discover=d by the Brs Buropeans in the Caribbean, some studies suggest
that the sweed potats was well distibuted by man throughout the Faciic, a1 a sull
earier dace, Because the swoo potato 8 fleshy and herbacoous, ity reweins haye
not been well presecved among oochaselopgical relis. Stocability oF 1be wbers amd
the ease ol propegabiog from die stems have cooubuted to the aweel potaw’s
populanty before and now,

What kind of a plane is the sweet potato? When e gensticial g2k thisa guestioo
he s really asking, “What kind of 2 breeding system does it have, in contmast to
Other planig 7 The sweel ponelo is 2 hexaptoid wicth 90 chromosames. Tn contrasd,
all ket & fow specivs of [perseca have 30 chromoeasmes, The <hromosomal beha-
vinT of the sweel poratd & oormal, bul some secondary pairing durimg meaosis
suggests that similarity exists between the diffeeent paims of chromosomes, I ia
prbeble Lhat the sweei potatn i9 the result of hybodizaton of two Inamoen sprcios
Iolkowed by chromasomal doubling

Tha fArwer of the swerd potato & pinkish and  ettrective. W reedily  draws
mnsects, eepecially honzy bees. Bodl poopagation by cueting is 1the usual praclice.
There i4 sune suggestonn that cwen the mome primitive sweed polaro varietios g
highly selected. Progeny of supedor varelies include large pombers of off4ypes,
incheding thase with ondy sinall skarage roots, and twining, climbing habil. Very
little of the geoetics of the species 15 kiown,

In order to overosme diseose suscepiibilitivs, considerable work has becn
exrended tn heeed sl improve the sweer potato, and such effoma countinme, The
usual method has beem to cross=-mefisate vinctks heving cho@Ecterstics desired in
& gingle varicty, and io select smeng the propeny For {he desired tvpe. Mew
variglics e celeased after much elimipuion dormg Years of testing Thus, each
waricry repecscild sHncthing carctully screened and chosen as the almest uliinaic
expression of the desired chamgrerianics, Ywo problems haéve iopeded liresthng
¢ffors. Onc of these i dhe refuctance of varictics 10 flower onder temperaty aome
conditions, This problem can be avaidad 1o some  exlent by varicws  Mower-
induzing procednces. The second pooblern has been Che occurrence af relacively
fow Jevels of seed set alwer bath selfe and groas=pollination, And, of cowrse, that
problees is the une wre are concermed with today.

Let us lake 3 look &t some fenility measorcments of (he swes) potata, L1L-
motely, Ferliliny mest be coasadered b abilily 40 procfuce offspong, sced. IF we
take a larpe nomber of cweet pedato orosses made uwnder idval condiions, and
Clistily he rowses Ty number of sead per pollialon, we oblain a hyperbolic
distribuiion ¢ TFable T, Foom ihe table it is evident that the wesi majonty of 1he
crosses et few semds. T35 #lso evident thay very fow crosses set aven 5O per
cenl of The aveilable owvules, IF =2 rxzaming smeiber measwre of Fertdliy, fruie per
pollinacicn, we o 4 similar corve. Now what do these two cutves mean 7 What
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do they tell wus abouat the brocding system of the plant T They soy thatl the normal
situation 1§ eeduced coed sol, or partiab stecility. Why nat ncompaiibliy oA
tricf discossin will show why thisa cunve is produced primacily by sterility systems
aml tmly :econdacily by incomputibility,

Table . Disreibusicn of fradr and seed sob inooredses of the Twerr polelo

Percentage Pumher ol examples  per cliss
Class Frujt Set Seed Sat
0.0 3R 9
0.1 — 6.0 20 47
6.1 = 12.0 19 13
2.1 — I8.0 L3 17
181 — 24.0 & K
4.1 — M0 7 7
g1 — 36D ¥ 3
6.l — 42.0 & 2
421 — 44,0 5 1
d5. 1 — 5d.10 5 B
54,1 — 0,0 5 0
i — 66D 5 L1
oh. i — T2.0 L L]
T2.0 + T 0

In ihe simplést possible case of self incompatibility when omty 1wo gelf-
incompabible, inter=umpalible types eadst, hall of the cnossea would be Fenle
and ba¥ would be ibcompatible (Table 2}, By eddisg anothe; plam the momber
becomes 23 fernbe ond 173 mcompalible. Fndarly, exch needy added incom-
patibiliny type increases the peresntage of fertile aod decreaseq the percentzge of
incompatible ™matings.

Table 8 —Bercentiopr of companbld malingt 2r eompored o
rumber af compalibilfty groups.

Facormmaiialicy Kingd of frec ot padihility Ferlile
Number f Number of Nuymber of Fercemage
praups rearinps® MaiFnge Had v s
] 4 i 50
3 ¢ 3 &7
5 25 ] B0
10 93] LI oy

* [ielneding =cIF-polllnatlaos,
Hale: Them= flgures are laged on 1B pdsumption Lbal the grobps ace repoes
sonred By equal numhars o the papalatinm.

In the case of systams i whisk ferlide oresses ame very hiphly Fomdle, and
incompatible ctosses are wery incompatible, fenlilty would follow bimoedat disesd
butions. In perlect systems the bvo modes would he popreseneed by sitsnght lines,
In octuel preciice, penes of miner effect osuslly widen oul the curves  withouot
deatroying e bimsodahey. Bup the fescility cweses of dhe sweet polatn mpe noo
bimodal Insicad, they sugeest that the plom s partially etecle, and that self-
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mcarapalibiliny plays & menor cobe 1o the froit seiing picture. Mevertheless, there
are ressons o beliove thaw self-incompatibility is alsy mpaniagt.

Lp to the present time, investipatos have toed to caplain the poor Ml
&nd seod sel of sweet potatoe on the bagis of scll<ncempsatibitity, The wechniqoe
for studying incompatibility is simplicity itself. One takes 3 nesmber of plents, 20
will b Tor ) seirt, aml ernsges them an al| combinaens Cin the hasis of froit and
sced set, the crosser zoe divided into 2 kineds, fertile end incompatible. Chae then
compans the plantd 1o cagl other am| decides which plams act slike, He wivs
1 divide e plants into groups thot arc Incompatible in ctosses withan the grou
bt Tertile o crewees belween groops. This ks an old and froucful teehnique, wsoally
anceessful, and our present wndersianding of s-::]t'—j.nvcumpmlit:-iliw has rested on
the fact ¢hat one can ssually jmlpe between (erile gmd incompatibility classes,
and that one can clasafy plants with similar behaviour. Bul this iz only the Frst
ey, T undersiand the genctie control of incompetibility one must make crosces
arong selzcted cruss-feclide individwals, test the compatibalitics of parents and
offspring, meke further hack-trosscs and sccond generanion crosses, and fnally
draw op en cxplanalory model of gene oumber nind fene action. Te umderstand
tha phyuclegical conteol one most sledy pollen behaviour in ferlile and incoms-
patible matings, docing the process of permination, e geowil, fertifizagion, and
somelimes alze the processes of owals and embrye development.  In the sweet
potato, not all these =sieps have been rystermadically followed.

Meow, when nng has o ferlily distmbutsin such ax one sees in sweet paan,
how can ane classifr plants into groups 7 In cealicy all the orogacs ;e sterile or
parlially sterte. T believe the answer 35 that soecet patato daty have been squeezid
and jupgled to fir preconeeived mradels of the ineompetibilicy system, and diserepan-
iz have hesn okifhooked ar discownied. Rul i I8 womde our time, [ Believe, 10
sec how others have dealé with these problems.

The Japenese gemelicist Terao (L9314 wag e firsl to altempn ta glawily
awert potatoes oW incompalibility groups.  His claszification was simple and
stroightforwarel, 31 wvarietics clossified inte 3 intra-incompatelle, &l inters
mlz’nlfatib[: rroups. This system was expandec to melude a 4th grovp by Nishiyama

11 andd laner by Shinjn (19623, Finglly, Fujise 7964} hroadened the nuashber
of vurictics classificd and eided op wath B genwpes. Heenandes end Miller {1964,
and Wang ¢ 1940 Jollowed the sysiem in classifying Amencan variglics into
proups. %an Scheeven, on the other hand, classificd her varielies inin & groups
ket ghe proups hed some wery diffecent crossing relnionshas. Some of har crosses
did neot Fall oo steicdy intra-inoompatible ard inlee-compatible lzsses.  Withowt
{:x::p{in:'-n_ the pub|'|5.|'||:|j resyles al 1hete inwtk[igaiﬁrg sheow anlemal |,|:|\;|'|.'|"|Elz1l;iq."\,:
cach as fertility where incompatibality was expscred. and imcompatibility shoee
fertility wie expected. T mose also be eealized thae {fwdgmene of fertiling worags
meompatibilily was always made on 2 subjective basis, 1 ounld onby be done in
that Fashun, for in ol Medics froil and 2ecd were dictribuded =imilazly,

I think the best evidence D e existence of o Seaem aF sell-incoan padibi lky
I swezel gt 15 that aisufaidics emong waniclies do exist. and these do makez
elassification possihle, Bot the meonigalibalny relationships afe masked by a morne
powerful and gencrally-cecoming sterility system,

Before Ieaving the svhjost of incompatibiliy classfication, T would like 1o
discuas the only attempts to my krowledge 1o study incompatibility in 1he sweet
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polaia in the progeny of controlled cromses. Aa I have pointed out, withoul such
cTosses it is impessible 40 test models of genelic control of e behaviowr.  Yap
Schroven {1953) crossed (wa warietics of swecl potane, amd compared e Wlipring
to the paccnts { Table 3}, She found 4 incompatibility groups among the oflspriog,
wo of which were ke the parents and 2 of which were eatirely Jdifferent It ic
interesting t nole that the pattern of crosses found by Ven Schreven almose dunli-
cies the pattern of chsgificanon found in her warienes. Evidemly, Yan Schreven
did nod netece these oscimablances, for she did oot mention them, nory Jed she 1om
the progoiy Sgainst non-poteoia] varictes.

Tuble I —Crosrabilities of terl poiede wariefigs, ang
a family of seedlings (Fan Schreeew, J3T3)

Yarictics Yeriene as males
as Tecnalea 1 and 11 111 n W v
| and TI Some Feode Yes ¥Yer T Y
III Yes MO Mo Mo Teg
3% Yet Mo Mo ek Yog
¥ TS P Y Mo ¥eg
1 Y i Yes Y Yo iz
Seeudlimgs Eepdlings 83 males
ac females A B . D
A Mo Mo Ho ¥es
B [ Mo Tes g
C ™o Yen Mo Yex
D Tes Yes Tos Ma

1 have constructed 8 simple genetic model 10 ¢xpluin these mosults. The mode|
dépend e ponaipals of gene aciion kaswa B3 oocur In other  ancompatibility
gystems. Tt suggests (hat incompatibility is contralled by 1w pairg of penes, of the
socilled Pemenla 1ype. Bach dominand geoe is epistatic o the recessise alkelc of
the other. Or wo express the systam more chaatly, s type of plant is incompantyle
with plandz of the samé genotype. In addilicn, the crose-competibility ar incom-
petibility between plants is delermined By the dominam genes preseat, Al ¢roascs
are lerile excem those thar have even ane dominent pene in common.

Unlontunately. Yhis model cannol be tesled, Tor Wan Schreven did oot canny
the stwrdies through anather gEperalan,

A sevond artempe 1o clescify the incompatibilities af progens from contealled
crac%es was made by Fujise (190d). Working with the groups first delimited in
Japan, he flagsified for mcompatibilivg the progeny {rom crosses among the A, B
and C types [(Table 43, This tebke indicotes the 3 kinds of crosses and the kinds of
progeny actpally obtained feam each crogs. Yoo will immadialely nole thar some
CPOLRESs are Within incompadbility groups where successful crossing wogld m Be
expected.  Bot as L esplaimsd. im sweet potato the incompatibilitics are selom
shaalore, so that by making Iis of pallinations eventually some seedy can ke
chtained m mist creases. Fupse's model o explain these resulls 55 extremely com-
pliceted and will not be fully explained hece, The model assumed 3 loci, each
with 2 or 3 alleles. The epistatic relations vary among the alleles, ad soms allkeles
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only educe or wenken the incompatibility, 1 am certain thal this hyputhesis will
heat obd up, eeppecially 85 a more conservalive hypothesis can by developed.

Table & —Progeny of crarmey dmvatty A, A, ard £ warierey,
accardiig 1 Fujire

Type of Crenss Fossible Progeny
Pseuda compatible

an

> F
- g
> o
2

Compatible

= -
NENEED OF
a0

a

COEEFEMNE

W OH A Ry o e
BrSrEmwEow

a

Fl

My model o =xplain Fojise’s dala is presented in ithe next takle (5}, This
mudel his the wdvapnlage than L 5 based on aoly 3 genes of 2 alleles  ecach.
Weakenod se)-iccompatibility is assumed te be due to other independent genes
rol a part of the specificity contrl sysiem.  The mode]l depends opon & cinple
apiatatic action of one dominent mene T, over the ather, ¥ Only when T i repre-
sented by i3 cecessiee alleke s the § pene funenon. The mode] aprees winh
whtal we keow sbout incompatibility in ciher plans. It is conservative and ex-
planatory. Unfopomately, a8 io the case of the oodel designed 1o explain Wan
Schrevens data, no second genecition or backeross data ere avalable and thus
the mexdel caonme be soseed. Finally, T would like to say thar no madel proposed
cah be casily extended to inchde other menmpatibalicy growps. But 1 am me
presemly warmied alwut soch conflicts. I think we hewe nor yet classificd weom-
patbilitics eccurately ¢ncugh to be swre of relafionshyn, When e cen be sute
of refitionships, we ¢an construct models da explae the dara, awd 1hen we can

resk them.

Tatle 5. 4 modde! thert o explain Fupses petulis

Farental combeiatlans Canotynes and Classtfications
and possible penatypes of possible progeny

A (TL--1 and A (Tt --} A (Tt =), B [t 5-3, ©Int &5}
Bt % - wod 185 {ie 54 B{n 5) C i ssd

C (il 58 1 and O §Lt 55 ) COfLE s5)

A {Te -2 aml B {0 B-) A (T =1, B (i &7, Cf{ee =)
AT --) and O dEE sk ATV =}, B {1t 51, O se)
B e Sy amd 000N ) B {57, C {ir 51}

Now 1 musl confess that <o far I have not tald yo0 moch about my  own
wark, T have procceded on (e asseeapdion that the poor seed-setiing heshavion
of sweet potato is due 1o B sterlily and incompelibility, sod thar ane system
cannot be worked our withowr alse considerie the ather, 3¢ 1 have taken 2
compleicly different sppronch.  Althosgh we are crossing swect podmioes, and
trying tn classify varicties. our principal objeciive has beew o see what happens
pfier pollination cocurs. Thus. we have used viarious Gximg end soining tochnigoes
oy orer Lo 2llow us to brace the pithway of e pollen throwpel el Tepmale ssge,
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These studees Tave revealed & proat deai too g, Eefote 1 orell yor what we found
I necd to tell you somethiog aboud the structuce of the pisbl. The l=male organ i3
50 poarmal or eypical o strwglerg (hat it cowdd actually serve as o pndg] for
flowering plants i peoeral. The floral parts are 1be stipma, the style and the ovary.

The stigma wansisls of two adjacent sphencal bealivs, ach abowt 1 mm. in
diemicter, mouwnted oo a sleoder tapering siyle, 0.4 — 1.2 mm. in diemeter and
i 23 millmeders [eag. Each sphencal tobe actually oonsists of 50 to 75
radialing ranches from a central core. The branches are crvered with papllioga=
ceous colls, and the cells caude o stivky substanse, In ouc tials, pollen oraios
adhered e the surface of g stigina by mechanical catrapaocat among the branches
oF the stipma, and by surface tension of the viscous £xudate.

The main bwdy of (e stigne is compened of fargs, spherical or ovokd oells
aratged in colemns radiaiing from the stigma-style juncture 1o the hmoches.
Branches completely enver the iisswe core. Each consists of 25715 fleg of panen.
chymalnus cells which appear to be continuows with the fles io the boddy oF the
sticma, and these in tum are contiouows with the Skes of cell @y the central core
o the eiyle.

In fivroumable tansvers aections files of colls ooy he teeced (rom atigmi
hranches, through ac stigma beody, to the central core of the style. Howower, the
ocells of the style core are much sinaller in diameter thas the colls of the sligima.
Thus, the stgma-style junclion is characten?sd by 3 sedes of inrergrading cel
mzms where the Giles of gl frome the Branches pass b3 the style. Rough cownis
of ccll nembers in stizma verses sivle suggest that o addifion 1o insreased cell
gize, mevre files of cclle aeeur i the ctipmia than o the style

The boundary Between the parepchyniagoas cetfs of 1he sngna, and the
papillze of the cpidermia iz strongly defined by heavier cell walls.

The epidermis o Hie «ign@ & compased entively o dumbell-shaped
papiliomaceaus cells, These cefls are large (63-110 miceona in tength),  apd
typically consist of & definite base, o eonsiticled regum, a broadened regian, and
& aarrow nipple. The noclens s wsually in the beoadened ponion of the papilfa
A distinclive Tzanure of theve c2lfy i3 e prescance af wenerows spherical paclicles,
Larger particles [(4-6 micrans in diameter) are ofien grooped around ihe nucleus
whereas smaller particles are dispersed  thevugh athe  cyloplasm.  Haematoxylin
staining sugpests (hat larger parficles are plactids, wherzus the amaller pariiclea
may be mitcchondtia, In confrast, the paremchvemalous cells #re nod 30 nich in
particles,

The centrll par of the stvle consists of 1 pellen wbe conducring tissue of
lang. narrow cells. This column of cells & of uniform size throoghow 1Te Tengih
of the stvle, The furface of the slyle is covered with a uniform epidermia.
Belwren the epidermis and the condutiing tissue ic 8 laver of collenchyms which
tapers v thickegsa from the style-ovary juaction o the junctian of stipma and
stylz. Two bondles of xylem and phivem are imbedded in e coilenchyma.

The junctore of the atyle and ovary can only Be trwced sansfactonily theoogh
el seclioRs, A4 the siyle efitets the ovary, it becomes comtinuous  with the
acptum dividing the two Tocules of the capsule. The conim] core of condwcting
tissus beotns to spivad [aterally ar the base of the seprumn, and s widest at the
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point of juncture with the ovoles, Each ovele w attached w the placeme by a
shant funicular stap, which alse delimits the migropyle. Pan of the desue of the
fanicular strip eppears simituc fo amck @5 ootinwdus with the pallon tube cos
dwdive migue, of the styke. This <cll type con be taced from e sivke to
Feniculus, to base of the owvyle, thoough the integumeny of (e ovule, upwards
and ower The upper part of the ovary, and down agdin lo the region OF the egg,

Upon perminativn, e lwhes ppds through the colicle, betwaen oella of che
cpidermig, throegh the region of thickened cell walls, and belween the cells of the
parcochyma, crushing cells do e side 89 they pasa throogh. Old pollen wbes in
the stiging are conpletely fillzd with collose, As the tubes pass inlo the stvte, they
ar: confined Lo the cenlral core of condocting tissur. The pascage of 5 ko 14
tubes threuph this tissue reswlic o an oblierztion of eell ooliocs,  posaibly
through engymatic lcekdown of cell walls, and also by latersl pressure from
the tobe ifself. The amoant af callose within the tube varies from little or oone,
to irmegolar anesscs or complete plogs. Follen tubes ame not pecotsanly aroulas
in cross section. Evidendly 1he first fubes bo pass throvgh the slyle arc crushed or
distoered hy the passages of |eter \wbes.

Within the ovicy, the tobe: followe the drewitrus path of the condocting
tissue.

We are now i 3 position © afk abowe what Yappens alter  pollinadon.
Togart (19423) abserved same years ago thar pollen fails to gorminads on he
stigma of (he sweet potale afier elf-pallination, 1o has been ossvmed since then
thar ¢the physiofogical basis for se’f-and crs-Hncompatimlty in e gesl polaio
is pallen pzrmination failure, Togard osed 1Tese Observetions in a re-classdicatan
af the Fepanese aclf-incompalibility greups and came up with essentially the same
results g5 Teran, namely thar Japsacse variolics cowld Be divided imty 3 mirn-
incompatible, inter-compatible mroeps  His final 3nalwtis showed almost compleie
pollen gerninaton faidure afier self-or after within-growp cooss-pollinations, Bt
problems were encounieced in the consses between proups, To use his  words,
“Tawen o the compalible crosees there exast ceomatkable varietions wm regard 1o
the perzentage af pollen gacminatinn a3z well 3% the gmawing welecity of  policn
lube.™ To cxplain this behaviour, Torerd postulated otheor properiies  divcecty
related to the incompatibily group. Thess assumptyops are that the perminakility
anrd arowing rate of the poflen tibes were comttolled by the same genotype as
thet which gave praup spocificier, and thar the three proups difered with respect
o the sirength of these processes. He also posiulated that the growps differed  in
the strength of the stinolos Lo germinetion provided by the slvle. T think all
tnvestigators wolkd agres that the physicdngieal svstem of ancnmpatibalivy depends
an pollen germination failure. Likewise, it is eertain 1har pollen porminatlog s
cestricied even in fertike miacings. Bul Togman's comcTodions with réspact o group
diffcrences have not proved accurate 2nod in lader ctbdies have been disspunted,
I think The problem here iz that pollen  perminadion [ailere 15 due w some cracs
to sterilicy rather than incompztibility. T shall come bock to this peinr when T ey
by raw up a new theory for the poor o et of che sweer potato,

We have looked at thousands of sweer pats srles and have counted the
tiumbier of pollen graing on the sligma, the number of tebes in the siging, art
the number of tobes in the styPr. Thewe sounts serve 25 fonility mdices, and we
cht graph ilear dizoebutlon in the gsame mannér That we graphed the distributinn
of fruit and seed selling data {Table 6. Tt 3% vy inleresting 1o see that the
curves represonting distributsos of mbes per stigma ond twbes per stybe e only
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have the same shape, but their shape is exactly the same as thoss of Fuit aod
sewd sl distobution. Jest ag we eoncluded thar Jack of Baocdality of frui and
recd sciting distribution curves represeoled sterilily insiesd of  iocompatibilicy,
we must now admit that these twee new indiccs are alwo indicss of stenlity.  YWhat
I am saviog ia that FEilure of pollen Yo germinate & one af the characiemctics of
sterility io the sweel potats. Ths does oot contradicl (b hypouhesin (hat che
mechanisty of sclf-incompatibility is aka pollen tobe falurs. Buot 5oy pacticolar
examplz of pullen gernmeatsan failure caonot arbitrarily be considered as dus 1o
incoan paghilicy, for stedlity of varying degrées will always be prosent,

Tuhle &, Ditribution in nambers of pollen pebes i
mMigma and it siyle offer crorcing

Fallce tubes i wiiera Follen tubes In stwle
Tubes per Mumber of Tubes par MNumber of
stigma COO4LES shvlg ErOSSES
oo T2 0.0 111
a1 — i.0 1041 ol — .40 Th
d.1 — 4.0 54 041 — {50 45
.1 —_ 9.0 44 OBl — 1.20 ao
q.1 — 2.0 27 1.31 = 1.8 di
12.1 — 15.00 12 1.61] — 7_[ 15
5.1 - &1} i1 20— 2.dd d
[4.1 — 2.4 3 241 — 3 N} £
21.F —_— Td . 2 Z Bl - 320 [}
4.1+ 3 3.1 + z

Rul what shauat after pollen germination ' What happens rext * 1 hawe
already described the pullen wubs pathwiy throogh the stgma, styke end ovacy.
Decapse we el ctason 1w believe that some sesdless oroasss  wepe  mever-
thekeas choracterized by excellent pollen germmation, we mads a stady in which
the polten mlies in the stigna, and in upper, mid, and lower style were couoted
and comparsd to the vumber of sead Jctunlly 561 n the froit. This study was
very rewirding (Table 73 Tn can be seen from the table thar in both a fairly
fertile cross, A, and 7 faidy mfertile crnss, B, thot there is a dratlic meduction
of pumbers i pollen tube: beowesn igma and siyle. Within the style thers 35 nir
atatistical diference m number of heg in (e vArions pepone. But in both crosses
muny more poallen tobes are found in the siyle then seeds are prodoced in el
ovary. Wo heve seldom seen pollen mobies in the overy, bon T belisve some pollen
tube sliminaticom does take place between style and ovele. Thoz, from these Jaa
and many, meny olher obrervationd o handeoeds of crossey T am forced to concluds
that the reprodective potentiality of swest polawo is Limn=d by reduckion
number of pollen wbes beroveen snigma and style, and bexwveen styvle aod ovule.

Tethle 7. Pallen twbe grewih aund frade ser in fwo
mweEt e retaey

Poller Tuher

% cap-
Cps Potlina- Stigma Upper Mid Lower  sule  Sceds par
Homs styke nyle styls Lot pollination

A 42 19. 4 6l - 3.0 42 B 086
B o4 I6.1 G.o2 0.74 0.1 6.4 .10
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Yo some tubes o find their way to ovales and armwe seeds ame 221, but
Iertitization does o lnish the story.  Sweet potato frumis seldom contaly cwoee
(han one scod, bud if one dotermines fram & scrics af pollmatsang angd subacquent
fruit s24 dist the probobility thad o zingle ovele s <21, one can then detcrmine
the capocted Mrequency of occurrence of fruits of 2, 3 ar 4 seadd. This we haove
done, snd we Gnc? thal seed 222 35 a1 reodom, with & fow probabilily at best that
any partecular ovirle grows Lo be a seed. What happens 1o the rest of the owles 7
To deteomine dhis we have observad ihe development of ovules in the avary and
freurd tivce dizeinct developmendal cetes. 3ome ovules onlarge only a small amount,
while others grow rapldly, Thoe dilfercaccs result Inothe produdion of two kinds
of prodwcis 8t nalurty, which I believe, come Erom unferlilized owales, and
seeds, The distribulion of weights of ovule products Erows 2 peed Bumber oF Tewits
from which atl 4 products werr oblained is miven im e next table (E). You can
clearly see than o kinds of products are produced, with absoluiely wo owerlsp.
Wheo one tries o germiosté the seed, vue finds tiat smaller wed do oo
perminaty well, and in fact, there is 2 mather sirong line of demarcation between
iht 50 por cend of the seeds that germinaie and the 30 per cent thay da ook, ]
interpret Heesg daia 4o mean thal most ovelss are oot fertilized, end of those thal
are, anly aboad half prxuce embryas suffeiendy viebk 1o gormoinete.  Hearcia
an segs o miore ajgns of stedlivy,

Table & —Chsebution of szer of marare séee gad aborisg
guples of Twedr ptale, with FeIpect (o germingtlon

Weight of seed or ovule MNumber of Feroentape
(g, ) cxamples feEntinated

O3 -~ 0.5 J2g 0.0
i.l 1.5 15 0.6
1.6 .0 17T 0.0
3.1 1.0 12 0.0
7.1 11.0 17 1.7
11.1 I5.0 14 T &
15.1 19.0 33 ]
17,1 23.0 44 W LE
27.1 7.0 13 1. i}
7.1 .o 5 ILLLN ]

* The average waighl of thess scales was ibout 0.02 mp.

But cterility do#t mnl sfop at thar poinl. Wa hawve grinvn swest  pobito
populatsond and find thet as many as M per cent of the phlunls are small, weak,
cpindly, and ceady tr k. These we do oot plent o the field. To Geld plantings,
we find thal perhaps ancther 10 per cent of the plonta are weak, unproductive,
eaaily Kifled or coowded ot

[ vhi.k now 1 can aynthesize the sterlity story for you [ Tahle 9).
Takla 8. Characterisnion of merility in nieer potarn.

. Some pollen geeminatian Bilore,

Y. Dicorientatiot nAd Eailure of $ome pollen tubes 1o pass From stigron
1 style.
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3. TDoaricntation amd failure of some pollen Wwbss to pass frmom sivie to
ovule,

. Production of some poor seed,
5. Production of some poor planis.

The caust of the aterilicy problem lies in the nature of the sweet  paearo
iself, It 15 & bexsplyid with ™ chromosomes  Althesgh chromesomes  peic
normally, considerable secondery  associnlion oocurs, indicating thet  partial
homology exisls ameng the penumes conslituting the sweet potutn Thus gametes
may pot always carry 1 well balanced set of chropiosomat mateiak. Poor geomoing-
tion of ereds aod weakwess of seedlings are probably due to such mbalances,
Although mwch waore difficel? to document, it is bighly probable shar o large
porlion of pametes prxluced by any swest polaka saricty are weik or imbalanced.
Such weakness could be cxpresscd ducing coritical growth phases of thg pollon
tubs.

In the path of the pollen twbe are three critical areas. The frst is he sonrface
of 1he avigrea, and many polleo graing feil o pass this obstacle even in ferile
matings, The second chstacle @ 1he shigna-aryle junctore where the pollen 1ube
pathway i suddenly and drestically restricied. A change in poallen-iube physiclory
probably occurs al thes polnd, The third obstacle 13 die stvke=0vary junclure where
the polken tube pachway becomes imegular and Jess well-defired. We venture the
hypotheses thar the steriliry barciers of the aweer poiate are no more than the
gites nr proccsses where weak or insdequate gametes are eliminated.  Elininating
may xur frr mechanical ar physioloricul reasong eicher hefore or afer prorl i
Lon of ferblization, We also hypothesize that 1hese weoknesses am poneral in
occurrence, mulligenic in cootrol, and can enly be corrected by a kong perod of
mass selection for fenvility,

I think nuw thag we onderatand 3 littke betier the aleriliey, (hat we shall soon
be able o put togother a unificd teory of the incompatibality. Scme of the facis
and supywsitions are sunmmarized in Table [0 We ace jpterected in and working
with bath the cenelic and physivlogical #spects of this pmoblem.  From the

neti point of view we have tree programmes in progecad. Tiwe st programme
18 g stody of sell-incompatibility in 2 Jiploid species of Fpemoca. This specics
wrd sebocted From 11 seff-incompatible species found in 3 survey of the Cxmaly
Cuonvolvwlaceas, Becouse af its dipleid statrs and high Tertilily, we expect b find
a simple gvitew of  incompatibility ol masked by stedlity, We have coinplened
3 generations, and expect 40 finish the b with confinming genemtions in 1967-68.
¥We hawe already made some inleresting progress, and can predecd Qear rhe
aralvsis of chis system will help ws wederstand and inberprel the swstem in the
sweed potato.
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Tanle 10 —Same characieristict of the self-incompatthlir
of the rrert potako

Characitristie in rwéet potalo
Fleacal wwrphology — Harmbaeplmng
Site of inhibitkin —Stigma
Wuchei af pollen — e op rheee?
Palien cylokinsses —Simullantous
Tay rpeeslved e -Twon o throe
Adlele: per locws —T w0 or more 7
Lo i ennirol —Sporaphyte
Mumber of proups —bow [4-E)
Gene aclion, pollen —Dmninance & cpiskasi ?
Ciene action. stigma —Domipance & epistacis 7

A szeond study 5 of the ncompabbilily gooups o 28 varielics we haye
crallecpen]. We: liwve crossed chese w0 oay many cormbinations s poesibile, and Jieee
develaped siatistical indices of the deprees of resemblance ameng them. Wil
these dava we expooe to climioste a good part of (he hunan ermors of judgment,
The analytis should be Anished this spring ©r summer. We have progrossed Far
ericugh to repopnize another of the hasic reasood o o froit set in MNerh
Ameriza. It is simpfy thal most varielics beleng to The same incompatibility prowp.

The thicd gesedic stucdy concems the contral of =el-incompacbility in the
swect polatay awself, Tor the study wg Iawe selected 83 paroels sumes cloaws with
rather strong self-aneompatibiliny, bur better than averoee crossfertility. The back-
enyss poncralions are now 0 the feld waiting for our Lestz, and we will (ry o
complets the anabysis o 198783, Wih the wmplovion of these 3 programmes, 1
tink we shall have the csaential foow conceming genetics of I phenconcoo.

But guestions regaeding the physiclopiczl conlrol reanzain, The speaalized
strwdure of the papllag of the ctigmw is sugesrive of the role 1hese cells musd
play in the incompatibifity ceaction.  Exudate onm the stlyna comes fom tleg
papillae, omd this conld be nich in enevmes or inhibiore, We do not vet know
whother sweer potate pollen has the ahbility o grow on clignsag ain general, s
ustively inhibited [roon growing on sume, or whelther the pollen lacks the ability
ta grow on I8 oon stigmas vnless it s stimolated. 1 betteve we can per wseful
wfntmalicn nn thie sobject by g serigs of espeomental pollinations incloding sweh
treatments as double pollinations, transfers of pollen Irom ope sligma tne ancdher,
mutilativn of the tigma., collccnnm of stipmati: cxudates on agar, cte. We woeld
alsie like 1o examine the enexmes of the stgmi hislochembcally, of  possibile.
Fapeeially, we would like to Enow if the sigima hay 3 edin and the poller a
cutinase syslem. These ame characterstic of all other incompatibiliry systcns i
which pollen faila to penetrete the siigma. Prelimanary  tesls  soppest that the
incompatthility of sweaet potate e not depend on 2 cotincodness sy-tem, aod
thus may be wniguee.

A fimal task that we would like to be ablke b0 di i3 (o use wmlopical tech-
miques  to actually digcriminate hetween  differemd  incompatibility cubstance:.
With such techniques we could identify  incomparibility  growps  withoum  the
neceasity of cross pollinations. A visionaty task, perheps, Dot somsething thal has
recently been done successfully 3t Comell =Ath the family Cruciferag,
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Ta conclode, 1 would Tke 10 say that volangling the relationships of incom-

petibility and s1erility in sweer patalo has been 2 Tarm:imti:_:'g pastime, The sweacl
potaty hes proved 10 be an excellent example of a0 imperfect specics, a species
in which gvolition has pat yer Mralghtencd oot e roproduclive peocesses andd
in which ecx i thus only & accond-best method of mprodustion,

8,

1.
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HOTES ON SELE-INCOMPATIBILITY 1IN THE GENUS [POMORA L

4}—-

D. B Williams and F. W. Cope
Facutry of Agriculrere, UW.F, Trinddud,

The caisterice of zelllacornpatilility and 1(he assorialed phesenedon of
crogg-memmpatibility in the swes! potale (Jpomors defatar (L.} Lam.] hes loog
been recogoised (Mendiola, 1521 ; Stoul, 1928 Tloodne, 1935 ; Togan e al,
1942 5 Peanbe, 19321 Ino B br-::n:u:l.mg progyemous, 006 of the importaoy effocls of
iummpnh‘hiﬂty is to reduce the polential penetic bate avalable [or the yenemstion
cf seedling populations on which selection for mipraved wpes egn b pryctived,
Sell-incompatibilily also precludes ot aarmwly restricls the wee of (oBventinng
techaigues of parental evalumion such as progeny Leeling and iy reeards fiadtion
uf desiralile hecitable cheracters beceuse il 5o severely limits inbreeding,

An nvestigation of the verions aspects of dhe floral and reproductve hiolopy
of the species in questin iz the raditional approsch 1o the stody of ancom pacelsiling
Iw plants  The wwportand morphoiogcal, physiclogical and  genelic foelures
normaiy implicated in the mantfesipyon of sellancompatiniity, have  been
reviewsd by Pamfey (19600, Martin (1963} bas edequately rcoviewsd  this
subject in the sweet polato within soch & mamework. With the exception of the
maeel potate, Lhe aulhars Esaw of 10 roparmed investigations af the phonmennn
of selfarcomparibility wathin the Convolvulaceac,

By alucidating and describing more precissly the natuwre of the mechanam
of genette eontcol of imcompantbillly, acemps 10 catalopee the charafed-tic
aseneiziad with the cxpression of incompatibility in a crop species such as il
sweet polata could be erpedied to permil & moere meaningful approach o e
esiabli<hmend of begpding programmnics. The present slody wag  diecered wwards
oblaining a beder umbzrstanding of incompatilnlily 1o the swest  polale by
cxamimng (i) the relagicmsbop betwesn heterosivly and fertlity, (i) crosse
compatibility relations smong culivars and 1:1; fmib & prv:llmmmr:.- survey of the
charsgteristics of e neom patulity reaction in twe wild species of fporneen. Ths
putcome of interspecific crosses ameng the three sprcivs wis also cxamined.

MATERIALS AND M ETHUS

Twenty West Indian sweet potuto cultivars, =¢dected as parents in Qe LWL
breeding programme, and eero wild species, fpovrong trichecarmg BN, and [pomnea
gracitic B., comprised the mein plunt malerials ussd in the presemy stody. Seeds
uf the wild spediis wore obteined fenm Iw. G, Chapman of the Department of
Botany, U.W.I., Jamaice, from a colleciion Be mads in Mexico. Dr. Chapman's
ientification of thege apecies hag been teatasively a¢eepred becaute confirmotion
of their identity has not yel been secured. In particuiar, the legitmacy of ihe
name F. trickocerpa, @8 Shinoers (1962) has pomted oot, is sl v doubt. The
samlic cliporoosoms nuomber of [ fHchocarpe was determined oo ke 3o = 3,
Its bpe locality is listed a5 Caroling ond W s repofed to be distriboted throogh-
aut wropical Awerica (Hoose, 190}, Chapman and Wedderburn [1TERY repacted
that 1. gracfiis wie aley a Jiplodd [2a = 30] buct the anthods weez not able to
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confirm thas. The distribption of T, greciis & said te be circumicopical  although
mosl repans of the species have come from the tropical Acaerican and Caribbean
areas (House, 1908,

Three plaots of cach of the wild species (designeted as 1T or G 1, 2, or 32
were raied from accd and reciprocal intrae aod inter-specific pollipatims ooade
amoog them. The eweet potato cultivar C26 was also crossed with cthess plamg,
a8 A pulfen paremt. For a prelisinary aupvey of the sepregation o intomplibilily
phenctypes, ten plama pepreacndng poogenicy from cach af the slx families Jerived
from all possible combinations of the three parent plants within cach  specics
(recipercals being counted separately) were racsed. Analysis of the ¢ TT (1)
= [T (21 and its reciprocal smo the most complele at the ime of writing ancd
delails of only these retolis will he prosentad.

Crogs= and self-pollipations within the sl of 20 swee polatn qultivars wers
started in 1064 gnd heve been continued since thee.

In the deicrrimation of incompatible matiogs, two metods were emiployed.
First, incompatibility resction wax determingd as the nomiber of seeds sel por
Mower crossed of sclfed. In cmsses among sweet potate cullivars, vadation in
ioeosity aod duration of flossring very ofien prevented the ose of the samec
nutnher of fowers within each pareniul combinetion. Accordinply, esamaics of
<eli-fertility were Based an 1otals ol 2000 97 flowers end estimites of cross<fertilioy
an 20 19 164 Aovweers manioulated. In the wild cpecies, serd-sed was based on
100 to 500 Bowwmes in the caee of ¢rosdes wmong the criginal parents and on 144
nr X0 fhowery i the case of their progeoies.

The sscand method of definimg incompatibility reacton was based on in vive
tests of pollen germination on stigaz and pallen tube penetratiom into the style
pt imtervils manging Froetn 3 to 2d hours aftee sollinanion. A1 least Gwe pastife from
cach cross wers useld for fhes asscsamnear  Fistils wiarh  ovaries nemovsd werne
exomincd by s tapid squach technigue. In addition, whale pistils Tram selected
crossed were reserved for dedeiled Pastologmend aowestignion. The siady of alf
micTotnre sectines has oot been compheted and results of Wowivn tests presented
in thic paper are largaly conflioed a6 do oo incomipatibiliy r2action as derer-
mine! from pollen genmination on stigmes.

A sample of tea fAowers per cultivar waz wsed to determine stemen kengths
in the sereet potato, Messicemeris of [gpph were made foom the point of
msertion of these organs in the Rotal receplacle.

EESULTS
Heterdvlie varsdiian pgad ferdility 8 (he tweeld paddlo
Armone, orosscs between swest poleto parcnt cultivars, secd ser divie from
20 ¢ompatibly ¢ombinations were available for the present analvas, Pistil Iength

of fenale parents ranged from 166 mm., to 22.9 mm., mean stamen leopth  af
rale: parentd caged from 10,9 mm. w 17,7 wm.; (Table 1),
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Tuble I. Features of Reterostylic variation in a sample
af MY heeet ot Ciethiears,

Character Mran L Renge

(mm.) (%] (om }
Fistil length 0.0 oo 16 6 — 22 9
Stamen length 15.5 12.5 1. — 1.9
E|Ev:|.!'|4_1|| :}[ 5lismu pver sLamen Ii.ﬁ 52.3 1 JLY i

A analysis ol the crovelationd between fomale feenliny and 1he mean differcnec
between pisdl lengih of the femele and mean stiumen length of the make  was
Pl:rl'urmm:l. The carcslatiug coefficiyne [r - 'I:I'.Eﬁ-_;l Eevveze theor did nod attawm
significance at the five per cent paint.

fatta-incampartible, irter-commafible groaps noife mmeel polaic

U the basic of seed set and fn wive determinations of pollan tube perminatnn on
1he snpma, cultivars were foand to fall inta four int-incompaiible, inter<ompatibie
groups {Table 21, The patlera of Jdesteiburica af feciliy of manngs Was s 1ypical
hvpeelwlic-type curee with hicher freguencies shewed toward the zero and low
lerdlity <lasses and progressively diminishing frequencies io the  higher feruliy
clazzes with Leancation in the vicinity of (he class mterval ceotred at 2.0 seeda per
fliower. Forty-theee priot €ighn per ¢eon of all metings 501 no seed [ of 1he coibaaning
matingd which sct secd, fertifity ranged from 0.1 to 2.0 seeds por Aower.  All
tultivars were selldnemnpanlble and in matings within Litraancesnpatible grougs,
therc wete ondy tea instaness of crozstes which set viable sted. A common featore
ol crieses between proop wad the exiswence of suhstaotial difercnces in recipnsal
fertilidy. In panticuler, cultivars of growp 1 cressed as female oo cobiivies of croep 11
wory, an the average, more jertgle then their cecipracals. Ac least thnoy fear
instanecs of onilateral incompatibility wene established, [n such  combinaticns,
mannyes fompatble i ane dirccion were tatally incompatible in e ather

ﬂmp{:ﬂ'&fﬂr}l relatiovty i atIeT. ehd .I'."rrE‘i"‘-.'i_r.lt'm'ﬁ: crerses ang
thrir pragenieys.

The cytafopy of polfen reaction oo stigmas and pullen tube growih in styles
wad substandially sEmélar in the theee Tporeors spectes anvestigated. Same resalis
of detailed obscrvations cacried out in the sweed prtalo are presented in Table 3.

Iv incompanle pollingnons, the mcen fumber af pollen orains cetained on
the slipana was 30,7, The number of aknormal pollen prains observed o ghese
manings was very low aud poalfza germisatinn wac peglipible 1o these matings, no

nairation of pollzn tubes mto the styfe wras observed. Tn compatiBle matings, on
the ather hond, the m2an nurmber of pollen geine metained on the stiema was
gpproximately 107 The pereenfape of aL:nclrmuI pollen prains was agein ncgligibly
srall. The mcan number of germinsded pollen prams ger Anigrra way 78,2 with u
cangs from 2 to 400 and th: mevn percentepe of perminated pollen was [4.5 with
a cimnge from 15 o 42,2
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Takle 3. Comparaiive poilen permeiadion  gwd  perelradior
imie Swle - Swes] fhatarirey

POLLEN GRAINS ON 5TIGMA
Type of Cross r C¥W. AHNMN CEBMINATING

(%my (%}
AShpgme  Rangs R % Range

Computiblz mi.a M 1.1 153 T - 40 14 2.5 . 422
Incomipachle T ML <0 — — .1 —~

PMALEN TLTBES 1M 5TYLL

E Ranpe  Wodal Class Ranps of
(%2 Freg ] Modal Clasa
Campatible Top 4.4 2 — 11 321 4 - 6
bid 1.4 1 — (D 5.7 T -3
Lamwer 11 0.— 5 55.4 a —2

Inoahe lawer pacl of Talle 3 details of pollen iulee penctralien into wpper, mid
and lower style are prosented. A decreasing teend in the mean oumber of pollen
tubes cheervedd at each stylar lBvel way noted. The ranbe o the oumber of pollen
whes afeosed at top- and mid-stvle B feidy wide and may more appropristely he
laken as beipg cepresentative of the variation i Ihe lower imils of pollen tobe
devsily olbserved in thess crosses.  In most cases more pollen tubes thao wer:
ohigerved were probubly presend, but 1he siuagh techragpie employed coupled with
the intenoiftent ettcnuation end sinucws growih of pollen tutes in che syle
prevented more accoraty delerminations. o compatibbe matngs, four to six
pollen tube: wene ooosl frequently observed in the upper portinn ol the stylc;
corresponditg  rouges for anid and  lower seybe setee 3.3 and. 0-2 poflen tubes,

respociively.

Fertility refatioms in intre- end mier-specific crosses involving £ Irichonarpa,
I yrociis and T banarar are presemied in Table 4. The three parental clones of
I .'r.'rf"r.rr.n:.'.rpﬂ aond I, gn::h:‘lfr'i‘ ore 5:|f-1ncc-mpailh-1|: Cross |'_‘-:‘.|m|:|_1|1"|.1.|1_1n5 within
cach spacies were miostly Tertile b i snme patental combmations. diffeeonces o
pecipwned| Pertilicy of abost 30 per cerd were aeled. Inothe ceosg FG 03 2 103 (1)
there was on indicilion of uadateral monmpatibalieg @ 1[G (3) 2 IG (1) 500 O 70
soeds prer {lowear while dee reciprocal cooss had a secd-sed of 8401 seeds per {lower

Toble 4 Fertiler relarons (reedsflawer) In farra. amd inter-specific
cragrrr - L tricheearpa, . eraeilic amd T baimioc

“HE!'—}

il IT {1y T 2y IT (3) IG £1} M5 (2) DG (31 IB {1}
T ([} 0 14} 105 000 DO 00D 0.0
IT (I n.53 000 043 000 .0 O 000
IT (3} 0.9 1.0 A0 900 00F 000 6o
I 0,13 013 0. 0.0 L4 0.0l 440
IG (2) .02  0.ps 0 052 g.ar 060 0o
IG 3} 1l 04d 0.aT 0TE Lok D0 3.2
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T intec-cpazifie rrosses between F, eAcAoearmg as female and 1. grociliz ps
male, no sesd-el ocourmed,  [n e reciprodal combinations, Mowever, ssed-set
ranged Tropy 2 o 13 per cont. Two intgr-specific bybrid plaos frym the cross 16
x IT were iested a5 makc parcols against @ oumber of swest petato coliivars
Fallen peemination snd penctesiwn ink the difma was noted in fowr  such
combrinations. Coltivar C26 (1. batmar) es @ pollen parenr stimlaied pormal
citpsule desclopment io B3 (1Y and 1G (2% of 7 and b7 per cont, respectively.
Scods From aliese eroases were sheivelicd and fajled 1o pomiinaig, Mo such stimula-
tion occutred when [ frchocdapa Wit used 3% Wmale pareol

Histograms of Lertiliny of balanced malings among progenics of  fanilies
within {. reipfeearps aod §. graciliy are presented in Figuree 1. To both cuses the
skewed distribution of ferility réeminzcernt ofF the dis‘ribotion of fenility in the
sweel potalo was cleaely evadeol. In L jolchogar i, wancatyn of (b curve wiss at
a secd-aet valoe of 4 .4 seeds per flower ; in 1. grociliz the mnpe of [editity  was
narrmwer and truneaion wag at f ﬁ:rllll.t:,l of 1.5 seeds per flower,

In the deigrmination of incompaltile naniogs in omoes combkinglions &mong
progenics and parcats in famifies of I fefclvorares, 8 number of discrepancics were
found betwemn 1he t2ed w60 and da wWye methods of  esiabhshing aoconmpalibolity
reactions. Tahle 5 presents reswits of an analysis of the comparative efficacy af
these two coterta i diflersmtizting allemalive maling s,

Tahls 5 —Lomparison of fwir npdthods of dergrmiding incowparibitiy
Fesohican 6 rmodin g5 areewtp phogetics of 1o Priefoocdr e,

Unadjustad Agdjusted
Ma. mssesaed alike 244 252
Mo psscssed diferontly 4 52
Computed o = 1.57 = Cntical ¥ = 3.84 F = 0.058

When matings assessed o5 ncompatible included cnly those ip which abgo-
wlely ne geedger oocwroed, the perccntape of mig-classchcadian wes 18,3 When
thas pesaraciion was removed and matings warh loss tbag tem peg cenl secd sct wore
mcluded 1o the tocompatible lass, there w05 2 eeduclion in mis-<classification o
14.1 per cent. This redwction, bowever, did not represent & signficant gaip froe

this adjustment .

The mavio of incompatible o compatible manogs was aiwn affccted by 1he
crileria o Assessmenl.

In Table & reswele of the analyaig of this raiio are presented. When indompatible
matings were wnadjusted. teere was o sipmelicant deparure (P = .33 fraom e
[ % L ramic with both methods of aesessment of awcmipatibality reacticn.  Wien
incampatible matings were adjusted to include erwsses wiich did not cxcesd 10
Pt cent seed sed, the departurg of the i of meompatible matings 0 compatible
taatings from the hyporhesised 10 L catio was oot sigoilcam al the Gve per <con
kel



Fig. 1 Histograms of Fertitity (zeeds/flower)
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Table &, —Cartparised of fade af idcodwparible o compalitle maifnps
in farmilier of F. trichocarpe in relation to meéthond of
deternefnatice of meatig pe.

£ et fLae el
Type nf MMatng
Methed of determinaticm — + TOTALS
I efeer d25ls 111 173 284
Seed Set 134 130 25d
TOTALS 145 I3
Cnan puled H‘ = 4. Tabular f = 3B at F —= 1 [r%
Adiusted
In vive 19508 142 142 254
Suad St 133 151 204
 TOTALS P 203
Computed v = 1.0 Tabwlar Yy = 284 m F = 0.05

The relatively high incidenge of masclassification of ncompaniillyy  reaction
itmeng these matings did ool subctantially affecl che identification of incompatibilicy
rhenclypes ameng peogewry of the consses IT 1) & FT (2) ond s reciprocal. This
was due oo the T221 that it was fairdy easy to decrmine, by mspestion, the gon-
selemey 1 crossing behaviaur within g set ol plits provsionally aseessed aliks
with regard rn incornpatibilicy reacioa by eicher criterion.

In Takle 7 a testative summary of the diswibution af incompatintingy phe-
Ivpes in the family LT (1) and VU 2], manly oo the bazis of eeed set, Tt
supplense ited by g v ceste of compalibility  reaction of  pollen on fﬂlgrna-:, is
pecsented, The eclatively small nomber of flowers used For catiovales of spedd e
and thg [act thal ie wive tesly wore resteicted to examipaioon 9f pullen reacdon
on the ftyle only, may have Tesulled in an inadequaete gssessment of the posaibls
sipnificance of some abscreed cases of 2ora or low seed-sel wnd  differences in
regipeneal feility which were judged compatible by dhe e viee mathad, The
results presented m Table 7, therefore, must be regaeded a5 o Acit appoiximation
to o refalionship which mighy be moch more complex.

Tuhle 7 —Incompaitkiliey relanions amang (Meompeiibiicy phenatywes i
family IT €1y x IT (2] and FT (2} x IT (1)

'_‘-:IH:“‘H ITA{17 IT{Z) 1x2) A {Nx22B (2210 A (2x1) &
T {1 — + — + — +
IT 1) i — + — + _
lx2) & — + — + — ¥
(1x2} B 1 — + —u + —
rx1] A —_ 4 —_ + J— +
(2x10 | + — + - + r—
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flerercanvli veraion g fevdliey i g twesr porafo

Heerastylic varialivon oz 2 wide distribeatica i the planl Kipgdom, ccouming
in same 15 crdfers €Focgd, %047, In gpoekes of the genert Peiegice and Evifrae,
heternsrely ig inlimancly intzarabed with tie exprescion ol mcompathilty threwph
clnsely lisked blocks of penes which conteal anther Toiekt, srebe lenmb, e of
pu”-q,:q tubg gn;w.'l:'h [l.'rf,q.'l'h-c:r winly |:n![4:1:. wiir gl Icngrh o shsprmakic paipillac |:Errrs.r_|
193 in Ford, [9583},

The axistence ol heterniiydiz vim-ton in the sweel patato has bBeen noled by
peveral workers {Pooic, 1752 0 Yan Schreven, 1954 Yoo, 19617, In his Macshe,
Asiatic and iropecal Amencon cellection of sweel polators, Yen ©CF96 1) cncoun-
tered A rangs Troan usiecos piw heeerstyly o napestv?y,  Van Schreven {19541
considercd that beereayiv was not asiriated with the cvpreseion af incom pati-
Fality a0 rie wwesa potato, anparcnily an the hass of abucsvarinn kamin {1065 )
pointed 0 he ahsence of supporting caperimenlsl evudence For alis refalkanship
an:d ﬂlgg-u?l;ud thal the sxlengsee 1lchisce s of anthers coamlanc] with thor vaeicons
fvels may serve ooly o casure maod dictribuotben of polken on visigng inseots,

Thi "|n.||}h'rh al IFI"I1iII"""-"-' i|'|1.'l."~'|'.-i1lg females of ﬂiﬂl.ring Fl-lhl:i.l and  arther
haaghis peovids Litle c-l'ancc in suprarl nf the view Mt [c'r1|1|l'-.l in 1l swect
Patata s e kaled o hercoosiyhic waesaroo, Gy spie of this |||:|,|1|_..,|I,|-::|n honwsuer, the
guthnrs conzider thal the guestion of 1he probable associaor hetween Beterastyly
and—al lewsl -—fi:rl“'it}- im o bateygs remowng anreanleed This wveew i5 dakeén
bocanse of the wisde warmtion in helerosbdty enconmiersd in This specie:,

Tn Yoen's [1951Y Sowih American colectioon, pRll lenesth caried Trany 1700,
0 26 mm This TANpe 0F Wann was semilar 1 Wl recuvered in dhe presenl
study § Table 110 Ina randenly dnler-Breeding experineatal gopalation of scedling
swoot pedoines, Jones (1980 found sivle lempgibs ranping from 8 to 29 mm
Comswlering that, wnde patural condilions, wiling and” delzrsnratem of the floeal
purls of (Ao swedl polany Mt are mencraly coipiste within 48 heors, the
pate of poellen mibe prowh duwven e slicena and 54908 would seeen b e a critical
focior in vhe polential e setting seed. T i< ol moonceivable, therefore. that the
exatence of diferemen ol wp 1o 21 mm. @ patil g amomg a set of crosse
campatiole culivars, ueder watutal comddndnos,  coold e ol auporiaoce
detcrmaning whather the rsale gametes are delivered o the placeatzl  fisswe
hefore the easer of delfmarmtion of the cliama apd die back of the stbyle

In a Targe inter-hroeding popalation inowhice sepresenttiton of cultier i
crods Lompaliiohe srups i ne laniviee. he fluence of differences o style lengeh
may be negligible. However, inosmall brevding Blocks wlwne there may By pgsire-
gieops am connpatible pollen seaacees, lifforences in pistal leapdh vould conceivably
gxcrl sipne ffuence on ferttliny, Diferonees in pistil fenpihy enther independen fy,
or in concert woeh e ncnnpatillity mechanism, may vory well be impticated in
some cises ol dose Tenilioy,  diffcrences v meoprescal compalibilicy  and  gven
unilateral incompatiblitg, i the swest preaa.

The fasd that anflts ste borne ot diforon Tevels may be ool stevificaseg
il eonreal wh woll. T Preendeir, Uhe lewsl 3 which aulher: are borne sleter-
mines what the incompathility reaction of the pofien wilt b, In Jovphrpn: where
heteamenly Bise oo Terther glabsweaied] e festuie threr piseil amed theee anther
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Tewvets, B similar celationship exists. Ford (1964 ) has pointed aut rhat the EETELC
system contiolling the heterostyle-polymotphizns in swch specics, pemmits the
reconstructinn of fhe matiog syem brom one that & primarily outbeeeding to
ont that is mainly intreeding, wnder ceramn oondivnns of ctress. o Peomule,
this tramselion is aeonipanigd By o iransfersnce from heterestyly oo pin hinocstyly
(Ford, 19647},

Teo's (1960 extensive study of vadalion in 1he swee patate indicated that
the cange of variativw of Asistic and Pacific populations sampted foe a aumiber
of characiers including anther height and pistil length, wis cxoseded by the Tange
in matenil {oom bas Bouth Americin colicction. In particwular, the range in pislil
lempth in the Asiatke and Pacife collections wes nairower Lhan 1he cunge cecuvered
in the Souh Americun wallection. This fodore may be nothing wmore than a
reflection of the types of coliivars which weee ofiginally  transferred to thess
arers aor which may have besn pepérated from a relatively small, imngl sowr
subscquent o its intreduction. However, the freqoently repoited Tugher incwulence
of wi-fertitily particularly ain Ol World seeect potato cullivars, might possibly
ke indicative of o trond rowards a change in ihe walng sysiem analogous 1 that
tepocted by Food (1964,

Heteroutyly, by stiell, is & fairly effective mewns of enturing cut-breeding
snd in I hargear, may no longer be wndesr the control of the pensde syslem
mecpunsible for sell-incompatibility, Jw [ocl, the swest polato may well be a
specics oy graniinom om an inccmpatibifity syseem reiginally ancegraled with
Ticterastyly to one in which hetetosivly is now only 8 relict feawre of foral mor-
phology of dubioua adapdive worth. Clo the other hand, this spocies may be one
in which the zvolulion of am eflicieny inccrpatiblity mechanism bas been held
in suapense (heomgh the osediation of domestication and wegetative propagation
Ly mign.

A critica] expemmentsl eaamination of 1he assmeiaten herween heleros sy
and Terdlity iz very diffizult becawse of the peculinmtiea of thiz plant specics. This
fact, no doubt, may ¢xplsin the abeence of reliable inforoaikin om il possible
significance an the breeding system. The authom consider thet critical studies on
the significence of huterostylc vamution 0 the sweetl jmtate may yeld impurion
gvplepee, nnt aply abooy its probable celotionship wath self-incompatibility, bt
alsa towards the clocidation of a2 numher of wnrealved questiong eancetwing the
centre OF frigin and panem of distdbwder of this specivs.

ira-incompatible, inler-compotible grouns in the mwreer potdio

Apant Tnnn s obsiows wtiliey in a breeding procramme, the estabfichmend
of intre-incompatible — intercompatible groups oould  comieibadc ampssciant
evidence oo the probable meode of penstic control of the  incompatibilioy
meclizmism.

The charecter of the distritulion curce of Ferolity, the existenes of feciprocal
diffrrenres in fermilly and the presonce of unilateral ancompatibiliies ohseraed
in the present study, were substamtially similar o those repacred by ather investi-
gawers wutking with similar material (Hemandez and Wiiller, 1962 Martin and
Cabanillas. (%65}, The nomber of cross—tonipatible geoons E2und in eher studies
in the sweet polaio, have heen celatively few (Teead. 1934 Togan and Kawahera,
1942 ; Fujisz, 1964, Hemande: smd Mibler, 1962 ; Maclu ard Cabanillas, 196579,
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These characlericties of beeehing bebaviowr m the eweet poiate have alrendy Iod
Martin ([F65) o conclude thal acli-incompatibility in this spocies is of the
sporophytic Lpe and probably wnder the cootrol oF a small numbec oF geoes, The
presenge of undderal iesmpatibilitics also sugpesiz the cxistence of dominanes
rclations among alleles invelved o the contred of self-moeompatilsiloy,

CompatiBiliy relaiermhips b intra- and  inter-smecific  crosnes
dinel rReiy o mied

The eytolegy of pllen ccaction and pollen tube growth.

The cytology of pallen reaciion on stigmes and pollen tobe growth in the
conduclive Kssue of the stele was closcly siealar an e thiree Jpomeea specics
vesligated.

The Grst featore of significanes n pollen grain meactien on stipme was the
Fact ilsat in eoacengs which were cfrarly incompatible, approximately balf ihe
number of pollén graing was retaincd on he 2tigma as wWere rétvined in compitible
matings (Table 37, Secondly, in incompatible pellinations, pollen graing Eailey] e
g{:rrninal::. Cimiac ﬁnrlin_g;a h].' Wan Schroven -[]*;'ﬁﬁ'} argl Mapden apd Cibwnillas
[ 1945 identify the stigmanc papillas in these species as 8 major site of inhibition
af pollen tube growth, Simultancous cylokingsis during  microsporcgenesis have
Been weparted do some Jpornoes spocies. There have afso beon ezports thet matuce
pollen gring in seme Apecies of thig genus are thoocleate. The wodal evidenes
provided By these tesula endarses Mactin™ {1965) sugmestion thal self-incompari-
bility in Che sweel potaty is of the sporaphyic vepe.

In figure 2, pletomicengraphs illusorate the sequence nf polem germimalion
on the stigma and pollen tube penedration iofo thee s1¥le in 2 comnipatiblc matiog in
f.trichorarpa, This pisttern was laidly  ovpsiee] of ferlile matings in 1be three
speeics. The preater estention of pollen grains on stgmas in compatible crosses,
wits e doubl due ty the mechanical eotennion afarded by genninsied pollon tubes
growing into the styer rissue. Pollen tubes with swollen tipe were  feoquenrly
discyrned in shigmas (Fig. 34 and TH). Thene appeared o be some: variaticn amenc
matiaps awesced pe compatible with repard 2 the number of advansing pollen
ieher, which ad nflated tps. T was difficel e quantify foch warability inooylo-
fogical preparations of stipmas fixed six te seven hours aner pollination, Bowever,
hegapge 0f the massive enngression of pollen febes convgrging tonsards e
ctigme-cstyie insertion.

The occutrence oF pollen tubes with dileted tipa is 2 Foature of the Lacom-
patinfily ecactton in some sel’-incompatille specica. Thoar regular oocwmence in
[ dataras. I vichocarpa and . gracilie points ta the possible inadequacy of the
ar wover meethod of assigning  incompetibility resction o e basls of  pollen
reeminetion on the stigme alone. Mo importandly, however, it caises the jsiee
ag (0 whethee (lese swellings repeescnl 8 pecmanent Terrmmation of pollen tube
erxwih and a comseguent non-delivery of gametes g the gvules.

The =lipmatic tssoe 35 conidly Amversed by advancing pollen whes (Van
Schrewen, 935, Marin and Cabanillas, 19631, Thess rohes ronverpe on the
anagra-siyle nsenicn in a solid cone v which it was possiBle @ count yp (oo d0
lubes in {nvourable preparetions in anme combinations {Table 3. Althoogh actual
cnums of the snmber af pullen priins placed on the sligmas in crocs poblinatioes
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werg wadl mads proc to fixation, stgmas were pallinated 10 satwration in order o
ensure that pollen avatlability was not limiting. The wide range in the perccnrage
of germinaisd pollen grains, thersfore, could be expected W celale to the characier
of the distribution curve of fertility ceponted in thest specics. In order 1o quantify
this refutionship more accurately, however, mote crtical fudiss need to be
undenaken.

1In a high proportion of compalbBle cemhnadons, it secoed evident that the
l#rge number of pollen qobes comverging inlo the stigmatic conc, could not be
phycically accommodaled into the conductive disswe of the oppor positing of e
sibla. The mepw neeber of podlen 1obes ohserved at this stvlac level wias &, %9 bar
the soieal number was subject to wide variation (Table 3% 1 has been swpegested
glsewhere (Martin and Cabanillag, 1965) thay mechanccal ipedae of pollen tubce
geowth in the stvlar Gssue may constitute a bacrier to pollen pepeteation inio the
siyle. Tm eposzes an which high perccotages of pallon tobes gerrmanated on (he
ktigma, the celatively larpe numbers obseovsd entering the comductive tisswe, in-
this inwgstigaon, was mome than adequate to effeet full femlezation of the fout
ovules charactenstically present in these speciss. Pollen tubes with inflated Lips
similar ro thess enonuntered it 1he shgena, were wnd g all sty levels bu
mte fresprntly i the upper portion (Fig, 2E). In the vpper style wherc policn
s clensicy was greawest, oubes with inflated Gps apparenly foreed adjacent pellen
fubes to are around them {Fig ZE}. In both crushrd and microlome preparalions
thrs fesmwre nf polles muehe behavioor rended o accentuate the obsoeucting pollen
lubs Llip (57 and, where reconverging poblen cubus disappearsd from the plane
oof fogus, somelings gave the iovpression thol a single, Targe swelling exisied o
the path of the palten tube, ar thet the large swelling terminated che pollen tubeds].

Becawse of the imegular pathwuy follivaed by pollen dubes in their propress
throuph the siyle, the awthors were mol able e establizh whether e swellings
ubrzrved on he stigma wers identicel to those encountered in the sbyle. In a nwimocr
of instances pollen dobes i the augma and seyle appeaecd v dilide and  then
comiinue growth, but e imeations of the squach fechnique prevented  moss
criticil cptalogvimg of The wegulanty af this acurrenge.

Inflategl pollen nabe tips I0 stigimas and styles, is an invarable feature of the
criclegy of podlen tobe growath in £, Larotas, . irichacarps ead Fogracfine. 1 s
remarkoble, therslore, that this phenamenony does gl appear 19 have been come
mented on before, Martin ond Cubanillns {12657 made detailed inecstipacions of
pellen ewbe grownls i relation to stipmatic and siylar anaiomy i The sweey pevato
but [ailed to make explicit menticm of this chacacieristic

The quoestion of Lthe possitle  bindlogk:al significance of swellings in pollzn
Tabas of these specics has been alluded 4o gbove, The decccasing tread  in de
mzan oumber of pollen tubes from vpper 10 Tuwer oiyle woe gssociated with a
sl teeed i Alie oeesbee of swellings obseareed in pollen tuhee, This conshioeres
srrong. circwmstuntial  evidence  that these infllaroms, al whaewer Jevel they
ceeurresd, endghn well represent sies of pamstie eatinetion. Merin avd Cabanillas
(19657 have proposed that elimipation of gametes oocuts an comepatible metngs
in 1he wwoe pedata bue ihey have swgeesied thar dhis is due tn the failure of ube
grawih of pollen grains conlaining weak or unbalanced pameres. These investi-

tars did ned sppear w0 relate gamctic climination ta type of pollow tube gynolopme
m the pistil. They may have been lsd o atiobaie cases oF low sead set in dhe
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sWErel porate o gaomcty ciiioction in eonsaleration of evidence for the existcpee
of paroal homologies between chromosome: of the preswrnably difforzen gebomis
constiduents 1 1he sweel potare {Tiog and BEehrk, 8953 Jomes, 1943 ). Howewer,
Bochh Ting amd Kehr (19533 and Jones (196051 have discoumed 1he inBaemes c.f
meiodic tcregulartty—aned its acsorizied pollen sbnommaalicy - 35 imEoHARE Some
nenecats io Al seed scrting poacess in I bagcrey, T owill be recalled that  the
perocnege of abarted pollen araine noted in (he preseat stody wos wegligibly small
{Iahe i) M '-:'.l.'l;'lling_s i the ccmra nf pl.‘:llll.'.n 1yl g'rlw.rlh identabyr sites of gamatic
Irss dur tn unbalanced duwplicale-deficient gamete fonmation in the Lexaploid
sweet pkila, their regelar oegwrrence in the dipleid spestes £, eefchocarpe and F
gracilit eemains unexplained.

Theee tonsiderations led the present authors to0 propose that matings which
exhibril 2 wicks range Troo low to high sced sep bt species £, batatar, F. ricAocarpa
ard f. procifiz, are aseucialed with the occarmenee of inflaticns in the progecss
of pollen tube groweh:  These iaflations cepresout siles of gamelic extimciion
associnied with a wenslic inermmpatibiftity mechanisin which allows the expression
of & anlergeading serics af compalibilicics.  Evidence foe Lhe exislemge of
dominar<e  mefations  among sclf-incompatbelily wlleles have  slreads  been
presenied Ty the preseed authors in The forepoing. We hawe 2l supgested dat
the cvalwiinn of an efficiznl wermpanihibty mechimsm in the sweal potats may
nit IHe wery Far advanced.  Th existenoc of Tacomplele dominance celations emong
i|'|r;'|,'|;r|_'|'|:|5||;i|;|||i1:|r alleley [t:-‘.:llling in Eaibame 1o arlag Full Fl:“rli|i[_1_,' 0 A cedum P-
potion of  mannes is. therefers. within the ranme of cxpectadion ior these
ph].llr_:-]___rr‘!r'lrrl:a!l:,: relarcked .EFE'CiI:'ﬂ.

The <haracter of the disthlaetion ouree of femility in [ grociliz swd £
trichacarra ceponied herein (Fig 1) and (heiv simalarty to that reported im the
swezet noHadn By other investigatnrs woold seem to suppart fhis hypathosis,
Incomplete domimaoce 0 imcompalibiloy allcles eelared 10 medilication by 11e
gerelic backeroond could result in a sabjupatien of their full penctrance  end
erprossivily.  This elfect coufd explain the noowrrenes ia 1hese species of an aner.
prading serics nf [eAilities Tfrom low 10 brgh lewels.  In the pelyploid . hasans,
the sOper-imposatano of compeitive anlccaetinn in heterogen: ganeles could lead
wr oven fner gradoations in compatibilites end foctilicies.

The conlrifbpiing of =lenlioes assockalad wath kalanced gamer#c cannaot be
completely discredited as s Factor related fo law socd seroim the swicel porer.
Hiwever, the cytolngical fgamnes of pollen lubxr prowth 90 pastils mavr possibly
point tr 2 onique mode of etginetion of steriffty svstems o plangs wheeh could
bu hrghly eacrelaed werh dle opeeation of the inearnparchihiy <ysiem Since pollen
fube prowth would seen o be o crincelly Bme dependent  process i these
specicd,  mechamizal obstructton  to penziration of Folly companibbe obes By
neighbruring pollen tubés wilh inflated 1ips, could toncervably retard dheir rapid
delivery of gameies,

Intra- and iner-specifc compatibilitizs in relation to ancesiry e the sweer
mnijie.

Intra-specific comparibilitics found within Feordfoborerpe and f. meeie in
addrtina Ao other evidente concermong breeding behaviowr i the swert piate,
dewumert the sothors” propesal that tha sporaphyic: mody of self-incempatibitity
exisls in dhe three spegics. O panicular significance i this context, was 1he
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recovery of phenciypes ameng progenies which recapitulated parental compatabiliy
relidionshigs in J. frickocarps {Tahle 7).

The renlts of ioter-apecific hybodizations in the threc fposwea species
impings on the jsswe of the mode of raigin of The gweet patate,  In the preson
shacly, apparently nermal fruit development resulted from crossed hetween T
gracitie and [, Batetes bul seeds were nun-visble, Chapman and Wedderhurn
1966 ] achiweved semilanly soocesstul fruit sdmulation, bal caly in combipcnms
in which L. trichocarpa was used o5 the fermale porent, These workers found fhac
embryo devclopmiend following such crosses was show and ceased Lefore cod vhadnn
formation. Boch results ame fypical of imterfpecific coosses between specics
difering in cheamosome number.  The soccessiul  stitmwlation of embrya wnd
fruit dewvclopment in these hybndizations, supesst the cxistonee  of  partial
homologies berween the genomes of cech diploid species and sectors  of the
chrmomusome complement af £, bardis,

The experimental demonstration of the neovery of viable inter-spocific
hyhrids berween the diploid F. gracilfs and Ff. reichecarps, Toemish mocs decisive
information on the existenice of homologies beiween the genomes of L gracilis and
1. irichoverpe,  Chromosome relationships i the sellicsized vbrid plants have
not yeo beon cxamined, but the relatisly high freguency of poifen sbaormsdny
ohserved iwdicales that subsizseal irecgulariies may eXist ot mepwss. The fwo
hybnid plants proved th be completely sierlfe when selled pwd  when  cros:-
prlfrmated Germinaont ol hybeid podlen an sogmas f some sweesl potato cultivaes
indicated thar some prlfen grains were funetional and soggesl. in addition w 1he
forcgoing, the cxistener of a trpactitc combination of genamic bomelagies among
. richocarpa, I gracilic and f, baraiar,

The recovery of vidble, inter-speciic hybods beoween the diploid species of
fromoea and 5 consideration of ernMs—compatibility relationshipa among the three
specicd, led the authon to proposc a new hypothesis 19 explwin the metad of
origingation of the sweet potato;  This sprcies most likely eoose by chmmogome
doubling of a sterike hybrid beteecn o elated diplond species one of which
suppligd an wn-redoced gmmete. At lest one of theae presomed progenilors must
have been self-incompatibfe. But cwen i€ both species were sell-incompatible,
Ihe progsosition may Sl be vald, il o 35 comceded that the mele specics invalved,
was the parcnt which supplicd the un-reduced gamete.

The implications of the lindings presented in this stody are wide ranging and
porhaps, io same places, somewhal specalative.  In this discusion, o have given
o hieh degree of [meedom to cur thinking in the hope that our thoughts woold
stimulate funher rescarch into the many cxciting avenygs which awmic exploration
within the genwd Jpomera 1.

ACKEMNIRALEDGEMENTA

The authars scknowkedge the help of many individuals ohe contribated
twwiinds makimg this presentition pussible:  Miss B. Thomosos invested  iany
hours in procpanng the typeserpt; Messm, & Ramnath,  Z Tslam and 1.
Ranrpdttdn proveded hefp with poltinations and the preparalion of tables; the (g
pant of the manuscript wes improved by a eriogal rending by our colleagoe Dr. E.
F. Iton. To Tx. W. ¥, Royes who approved and supponced work on this prablem,
and the above-mentioned persons, the amlors ¢xpress their sincere Uanks.



I —an RUOT CROMPE S PQLIEIR

1.

1L

1%

14.

L5

14.

17.

ik

14.

a0,

EREFERENCES

Chapman, G, and B, "Wedderrurn {1BE}: Privailg commirpbeallor.

Ernal, A, (1984), in @ EB. Ford {1864] Ecologicel genstics. London @ Melbuen
woed {2, LEd.

Ford, EDN. [1B84:: Eralogical @enelles. London @ Methusn apd COn., Lid.

Fuwse, K 1961 Studics o1 fowening, seed potting, and aolf- fod cenes-locom-
patlhiny jn 1he sarieles of seenl polatn. Boll. Krmsbp Azr.
Fxp, Sis. § : 173245

Hermandez, TP, and J1.C. Mile:, 1882: 22l and cofs-loocmpaliblliibes in Use
swoet pedtalo. Frec. AmAr. H3ea, T, 3. B1 ;0 425—477,

Hause, DUIL (1006 The Farlh Alercen speles of (W genur IPomets. Aohels
Y. Acad. Sel TH : IE1 244

Tunea Alfreg 10463 Criclagical obeervallona end feriility me=ssurements of
swiept pbsta {1psbooea Balatéas (L. Lo .}, Proc. Amer Soe.
Hott. Bci 85 : 537547,

—= === [15;: SI0T Bl en] wEEIAEBL LYy in eaTiv peTErallony of & choaluly
lder-mrllng popylatlen of swaet potalor:  JIDdemoea hatalad

i;-.r Lam.] wnlv, of €in. Agrl: Exzp, &Sla, Teeh, Rull, 58
an.

hMartln, P, (18631, nremprilbillly b the sweol pobats — 8 Teview, Ecan,
Rt 15 : dE—ai%

—— - ahd T Caben|llas 119053 Mephanlsing posireling oo 4kl |1 the
twiel pataly — P, Cardbh, Flaal Crops. S, 3 ;0 40—T06
slendiole, W.B. [(19%]*  Twp yeers of waeel potatp beenching. Fhillpp. ART. 10
117 —188,

Foodeyr. H.K. 1180} Ewobrtbon of garaclaahytle snd  spocophybhe syetem af
prlf-Inermpatlbl [y 1 Anglosperms, Evmotn 14 : #3—115

Pogls, 70 F. {1032): SesdlINEs  ifipvement in the  s%eei pelale. Tnde, Hawadd
Agr. Edp, St Tech, Bult. 1T 18 pp

Shinnerd. L.H. (1852): legplamiAcy 4f the Nk lpodoes tebebhoesrpa, Elliot
Turtex 1 p. 192

TCag, [1904;: Croas sterllity groups in warlodes af awect poglptoes. PLOBF.
Neom B 1163—L1A7

Tondne, MG (1835 Ereedibg and selecllon of sweel polatorte, Jeer, of Mared.
8 : 2—10.

Ting, Y.C. sud A E. Kehor (1853).  Mehrle studkes v {he seret potabo. Jour
Heresd, 44 : 207—371],

Tngari, ¥, and T, Kowahoma 1242} Etgd ks on the differeol grades of selfs aod
amadocompalibilitlcs In cweet poleta T Pallan behavlaor to
ibe Llneempatibfe combioatmns: Bull, Imp. Azr, Exp. Sw.
Tukyo 52 : 21T,

Van Bchreven, AC 11802 Inwestgatiom on 1he Snver bivlogy pnd compadiiliLy
of sweet potAte | IDemoes belalss Polr.), including some pree
Lminory trishls ou e geerinetlou of the weed  Landbaus
25 M4,

Yen  DE. 19815 Sweet pdato veriation and ita Toleejon do Tkioat migcalon zh
tne  Facifc. Tenth Paciflc Sclenre Congress, Uelr. Haxnil,
Hooelalu, BE—117.



1—13)

IMPROVED TECHMMJLUTES TN HEEEDINCG: AND INHERITANCE OF
SOME OF THE CHARACTERS TN THE SWEET TOTATQO, FPOMOEA
BATATAS (L)

Teme P. Hemander, Trevis Hermandez, B, J. Cooaeantin, and K. §. Kakar.
Lowdsiana State University, Baton Rowge, La

Rince the inception of a breeding program in Jowdana by Miller (12,
13}, new techniques huve been develnped and several genelic characters studiced
The incompatibaliy systen of varices and stedlogs In the United States and
others B beiter onderstond (5, &, 11, 14, 148, 17).

The swect polato 46 4 hexeploid with a baske nomber of 15 chromesomes
(8, %, 10} and hke mosl vegelanvely propagated craps i1 15 very heterasygoos .
Scveral mew warcties of greal commersial signifcance (43 have boon developad
Cme of the latest Lowisiaed vanela] immductions, Ceotennial, is the lkading
varcty grown in the United Siedes. Several rescarch workers have repotied on
the behavicur of come of (he genetic characlers in the swget potawo (1, 2, 3, 4, T),

MATEEIAL ANHD METHODN

A dotal of 28 sweet potate breeding parents was cclected Tor 1hese somdiss,
The compatibility behavioar and phepolvpe of ek parent wias known.  The
varedies  ond  seodlings were developed &l Lowisiana State University except
Kandee from EKenses 51002 Expericent Stalicom; Whilestar; and seedlings P L.
T13321 and o1 2275 which are UISEHA introdestions.

Controbled poallinations were made in field plot beesding nursery and in
b preenhowse 20 & T30 feet whers 1he sweet putaie plants were trained an wra
5% faed neited wire brellis. The sparse Rowering clones wers clef-grafied cn
morming glory ([pomoea spp.} oot siwk. Pollinatons sers bépan in Awopust
snd copirge until Getober 25 of each year.  [arge soda straws wers wsed afler
removing the corollas of the Mowor ard ubsequent 2masculation to protece the
pietils frorn contamination before and  after pollinations. The  centrolied
pollinations were made daly between 5:01 and 900 am.  Poilen of cech male
parcnt was collecrad sach morning from flowem protected by soda atraws.

In lanumary of each year the seeds were scaricd m oonoenleated 2uolfurc
acid Tor 25 mienutes and thorooghly washied in tap wpter and dred.  The secds
were Then plested v greenhowse beonches Blkd with 8 mixiver of shnedded
sgphagnum moss aod st Toam woil. The stedlitgs sfere allowed o grow foc
pppraximately 4 wonehs 8l which Gme they weee pulled and trensplamed w0 &
field whers the plants wers spaced 5 fest apert oo cows 4 feet wide, The seed-
hngs wers nThiwed to grow for anothee 4 monctha and {hen cach veedling wis
chazzified ns to plont churagters and the s Barvested, bopged and Tabeled ior
forther stody.

EBSULTS AMD DISCLSSEON

The objectives of The cweet potats brecding progeam afe o conlinue o
stady  of angaospatibilicy systems, inherifanee ol genelic chiracters, and ta
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develop new  varietics with the [oliowiog major charecrerlsics:  high wiehl,
desirable tkin vod  esh color, pood koeeping guality, well shaped roots, good
eulinary c{uaJit}l, favourable sprout production, goosd sdaplabilily, and msolance
to severil diseases, Fosarium  willt (Fusarfne arsporen o Baterar],  soil ot
{ Sereprrampeer iprarmnped), inlernal cork and roor knor eanapodes [, facopRitel,

A total of M bresding panents were tesled @y o cross and self compatibilioy.
There wrere & groups (5 incompalible and one scIf compadble} ideneified (F, &).

The greociic charzeters afwdied are as follows:

ki and Fledh Color. Concrol crosses between parenaa having different fleshy rop
i color wese made [(Tables [ and LT}, The skin cofors were classified as
white, cream, tan, copper, resz and  purple. Scedling poogenics of orosse:
badween pareel: hivving Oeshy rows of a onoum and white skin color producet
segdlings with roots of a whitt or cregm ski (3}, Scorcpale: Do progeoits of
cream x copper  parents  prodeced seedlings with Aesky rpols that wers pre-
dominantly copper a8 cshown an Table I, %eedlings from ccosses of copper x
copper skinoed  pareots were  predomipanly cupper and @n. Copper xomose
skinned parcnds prodoced seedlings ibat were also mostly of a copper skin color.
Scedlings of crowes of pwe x cose skin colored paients were  predocnanantly
copper and rose.  In crosces of mee x purple tkanmed parents the resulting seed-
hing progemet were fnstly of a porp'e skin ealor. Colored gkin ealoe a2
incompletely dominant over white or cream skin color.

Fieshy Cofar.  Datn from seedling preponies of crosass betacen parerts condein-
g wacying pmnuintg of carotonpid pepirents were [Tables | and 1T) Whie
Aesby rool color was found to be incomplctely dominant over dhe chrcacter  for
caratewnk] pronents, whicle e meedly heteecaroieme, A progeny al 195 wediings
bctvcen a crose of B white fezsh aod one haviog [8 mg. of carotcaoids per 100 gon
Irech weighl of moar icswe predyced 84 1 percent of 1he tepdlings with Tdlle o
no pigments. The progeny mean for caootendds was | .3 mE.

Crovees between pamris havieg 6 and |2 mp. of carotenoids  produced
seedlinps with 2 progeny ocan of 5.3 g Tlowesver, o origs boiween parents
having 4 and [¥ mg. of carcteznoids had a oregcny mean of 829 mg,

Whize sl ewlon iz ipcsimplerely domiwient ower acinge flizsh color. The
laver beheve me a typical quenditative charocrer.  Thess ane several gemes co-
Tralling caretenouls {possibly £] which have additrve offocts.

flry Marier Content,  Mara fivm crosses betwesn patests containing Aeshy ooty
wilh varying ameunts of dry matter showeld that @ esdling prigeay  eans  wene
inderrnedeate DBetween the lwn patenls. Framsgressiee  segiegdtion acuaed ja
seefling prugemies studied.  This quantilative chamcier shows i most  cases
additive penie offect.  Trusgres-ive inheritancr is alse suggested.

Fusariuwm By Recirance.  Fusariom will nt srem pol 3 caosed by the funpme,
{ueriusr ozysporym f, barases,  Since chemicad fungicides  and  crop potahon
after o efective cootrol of thie soil-korse discawe, brecding Bor cesistance scerns
tee be the best means of conirolling this probfem.  The progesict af 20 crguses
wore evilluated as b0 Fusacwm wih resistance andd  stalstical analeis of dals
showy |erge penelic dilferences for cesisfance transinitosd by varioos paents,

Each scediing in each progeny wes Iected by cutting fresh ends of  vine
vuttings ol rach plant and dipping them v & space suspension of Fusariun
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inocehi.  Four irsated cuttirngs plamad in ench of thoeee $-inch pats Glled wath
chean sand constiuted 3 replications,  The warety Heactogold was ireared  and
plunted with coch proup  of sccdling progenes ta wse &2 a2 susceptible chock:
whepeas, Goldiwsh tecated the same a5 Henrtooold was w-cd as 1he oesistant
cheoke,  Crosses between paconts  coprgscnled;  Resistant x highly  resisgant
mrvlerately eesistand x highly czsistant, moderatcly vosistand e mnctstacely resistant:
and moderetely cesictanol x moderately zusceplible parents.

Frenrium wilt mdex wis computed far sach seedling.  Twecler planes
lrom 3 replicatrns of each scodling were placed in one of five calegories as
folkws: O — stem of cutteng =hraving oo vesculnr discaloration) 1 — wrece oF
vascular discoloration: JT « moderare vascular Jiseolnration: ITI - severe wasonlar
discoleration: and 1Y — severe vascular dizcoloration,  Aw indes of each seedling
wits sompuied by using forooula:

Summativn of calegory numbers = Mo, of plants in cach

Will index —  caregoey 100
Mursher of plents tested x 4 (enal poo of chsses — 1)

The esols in gcn:ru_l mefsared e crosges i1'.'.-*1:||".'i|'|g maibinl X higl.l}-
retiziant and moderwrely resistant x mosderigly pesisiand pacents gree 1w ey
pecults as o large percenties  of  seedlng of eacl progeny wene reststant o
Fusatiom will,  Croesses mvolving suscepible parents gave a very fow resistant
Si:l::-dliI'IES- Beled progenies af Cemlennial and Kandee had a |.£|'r|_g|_-. numher of
pesistand seedlings m eaxch prageny.  The selfed progeny of L1320 had only 5 few
maderalely resestani seedlines,  The parenrs Julian, Wirestar, and 121 carmied
geveral menes for resistaoge. Some parends dransmitted considerable respsance
and Jukin was oolatanding.  This c]l.lilnrililti-.-'e; characrer g5 gnmteal|ed by possibly
six geoes that are arldilive.  Transgres.ive inhertznce is indicated gn coosses
betastn comel pRFGOLS.

Clealiry Studics The major charactzrs afecting the culinacy gqualinies of sweat
potaices mre: flech coler, Aaver, wexture, fiker conlent, swectness, mogstness. and
genero] acceprability of swest potato Toors baked or processed (Tabler I and TV).
A haking Index was nbtainsd by enlenlatng a  mtcan scote eanng of all seven
factors.  Scoring was baied oo a range of O to 100 10 representing the reakfmucn
Favorahle expression for euch alwve chiaracrer witle the vaseminn of fibee in whicte
10 represenied an absence  of  fiber. Since white Hezh color 5 incomplately
domirany, the seedlings from emoeses usiag A white flesh parem prodoced seed'ings
that rated ponrky i color after procossing or baking,  In coosses of pacents (hat
rited medium 1o good in baking geality, e majonity of the sendlings rarted fair
to good in qualily.

Seedling progeny means frome crogges of pacents of accopralde owlinary
gquality were intermedisle betaeen parents or accepable.

Areeding Techaiqoe, The Eelewing technique of this Tighly heterozvaome grnp
has beet avcecssfully used at Lowisisna Swie Univervity.  Bresding parents  aoe
sebected on the basie of Geld performance amd gonotype =s indicated by expreasioan
of phenypic cheracters. The panenls sekoted e of a5 many difecot
inpompatibility groups  as  possible and have two o mare of the following
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charzcters: high yielding ebility; well shaped roots; copper or tore skin oolon
Al parents having orange flesh with 3 or more mg/ 100 om. of carstenoids per
100 gm. Reshy noots; moderate to good plant pooduction; pood colinary Quality;
profuse flowering, and discass and/or Insect resistance. These paroents are placed
in an isolated popsery, trained andn g wird 1llis and ellowed to pollinate at
random by honey ard bumble bees.  The seede are identificd a2 10 maternal
purent and scanfied o swlfunc acid for 25 mimutés, washed in water and dried.
The seeds are planted i 2 grecshouse benck in o pood medium, spacing seed
2 inches apart. They are allowed o grow for four montbs. By thet fime cach
seadling hat produced & fleshy root approximately one isch in diameter, The
geedlings are pulled, amd ucing high selection pressure, best scedlings: are saved.
Thas tnelodes sedlings having oolored akin, preferally [an, COpper or rose, OCanges
fleah, and wall shaped roets.  The white Aesh seedlings are discarded ps well as
seedhings wilh pregulerly shaped ecoods. Tlsing Uus basis {or selection, approsi-
taabely 10 percent of the sevdlings are caved and transplanted 1o the Scld. Afee
4 months ofF grewah each seedling 3% harvestod and appenximanely 15 parcent of
Micse are saved for subsequent iesting.  The roms of cach seedling ars bepaed
end labcled, The numbering svstens in each year inchades the Tast number of
the year and adding 3 selection number of 1 to whnoity, =g, in 1956 the first
geedling would be el subd the sscomd 622, e Buvery 10 yeurs 3 recoffénce of
this weohlsr wapld oocur, howestr, generally all seedlings hawve beep discanded
ar named a5 varstiss,

For pemttic stodiez, controlled crosses are made 7 ipdicaeed eacbier in
this paner.

The pbowve meihad  oF  varietal improvement permitse [ penotype that
peoaezses 3 haljeced grnic system that allows meximum exprossinn of desirable
guantitative characlers and 1 the same Lime allowing a vigorous plane that yields
well, This meithod i3 called the Polyeroos system

R MARY

Several major horticulbural characters were slvdied ps Folleews: skin and
fegh color. culinory guality, dry mater coptent and resistanes to Fusariumy wild
These behave as guanbitative genelic characlers.  While Aesh oobor is incom-
pletely dominenl  Transgressive hirheritance ls Indicitled i0 some crosses.

Crosees belwgan parenls having an accepiable culinary quelity prodoceed
propenies 1hat had mast of (he seedlings that were seceprable snd the progeny
micens were intermedsle belween the (woe parénts,

The breeding parents ar classified ae lo wcompatibitity groups and g
search 1t being made for more self famike or gelf compatilile pareqts,

A broeding technique was described.
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Takla . Characters of Sweel Potgto Breeding Farents

Fiurent

Julian
1857
L.L-R0

L eriennaal
LA-240
1.1-7
L2-54
I.3=Ri}
L2451
L1371
Creorpia Red
Forin Rizo
Kandes
1110

.21
Whileslay

Peligien Frocew=or

PT. 213321
P.1. 12TEMD

Shkin Calar

Cupper

e

Cupper
Copper-Tan
Futple
Copper

Root

Rz

Furple
(fcam

Foce

Canper

Light Copper
Rose

Licht Copper
Creant

White

Whioe

Purpl=

i

Doy Bdader

28,
a7,
2.
9.
a7,
as,
i
an.
M.
9.
a9,
4.
2H.
ar.

4,

i Ch e e e Lk G SR, DO 30 LA S e T

Caratennoids
mes LK) pan

18.

17.
1R.

0.

_'?:-'-IE-DE-I—'-PLL'-.-I':L!--'IM-

e o T R I N Ry TR Ty

Bakin
iy

Good
Caseud
Ginesd
Td
Tl finum
bledivm
Crnd
Medivim
Foar
h=diim
Good
Gevird
Prir
Medium
Ponr
Foor
Foor
Punr
Foor



Tuhle [I.  Fregoency Dirréhton o) Swep! Porake Seediings ivte Difiereee Toenl
Carotenoid Pigmenr Claises,

Tatal M. Sumb=r of Serdiipgs ipto Each Cliss Fripeny
Parencal Combigition Seedbogs 00 Q1ed 3G B G012 T205 15«18 1827 21+ Mean
Ceptenanial {37 164 Zl 1% 5 o 14 il 21 37 2 AN
Kandee () a7 21 14 q 3 4 4 h 4 K 5.1
Juwlian x LZ1 2d 13 4 i 14 19 17 | T =1 1=.2
[.3-7 x L1-8B0 11E 11 q 5 K 3 I 3 _a u 15.n
L2l x Cra Red 100G H [1 i E Ly 17 id 1i | 10.4
L2-&l £ LL31 33 6 32 7 E4 26 R 15149 R a 12.7
L&A x 1151 128 8 2 1 3 4 W &1 6. 2
P.L 213321 x T80 AL 5 1 1 d i1 1.3
BRI EEHE T kY s IR S W T S { B ] P 0 0 i’ g.1
P 227890 1 L2 179 I & 21 T N R ¥ 0.1
Cantenmial £ L1-E0 oy 7 3 & 4 a 9 11 | v i 15,7

9t -1

WL d AL Sd0H D 1m0
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Table 1. Frequency Disribation of Swret Patate Seedlings tnea D¥ferenr Sk
Celopr atrer,

Percentage of Seadbings into

each Skin Color
Mo, of
Pareplal Cross Seodlings White Cream Tan Copper Eose  Purpke
Copper (X) 57 nn 5.3 228 4349 30 210
White © Copper a57 13.4 7.4 27.5 2.9 11,2 T8
Cream x Copper 166 1.2 T.2 331 32,3 12.Y E.5
Cream & Ponse 27 0.0 .0 333 MmE 112 259
Créam x Purple a2 nn D.O i%6 21,9 21.% 406
Copper £ Copper 313 0.3 T.8 I¥1 433 13! &.2
Copper x Rose 443 0.2 36 M1F O 515 160 B4
Copper = Tarple 18 2.0 oo 167 56 44.4 3133
Roze x Fose S8 0,0} 51 17.1 328 5.9 1voO
Roae x Purphke 21 0,0 c.0 0.0 4.8 9.5 Bi.7



Tahte 1¥. Teherioiee of Baging Qugteie f0 Seeest Posaters

Characiers* of Figchy Roobs CreneTal

Sweer M- Accopi- Froseny Moo
FPareoral Comhination Cross Caler Flavor Texture Fiber ness ners ohilry Ladwa (ndow
F. 1. 213321 x LZ) Puaar & Ponp 4 2.2 % 0.4 a7 3.0 1.8 2R
F. L 213321 & 11.80 Poor a Gaomd |7 o 446 6.2 3.3 3T 20 1%
Ceatennial 5 L1-30 Gaood # Gowd 0.3 4 461 5.7 je 6.2 5.5 54
Cenlgnmal x L3-8 Gl & wled. o, 7 alk 34 5% 4.9 5.3 4.3 5
L3-T x L3ED Med, x Med, 50 5.2 5.£ 5.9 5.2 5.2 4.7 5.2
L3-7 x LI-ED Med. x Good 5.8 6.1 .1 e | &0 G. 5 5.8 fi.l
Li30 a L1-ED Med. x Crond 4 B 3.4 5.0 5.2 5.5 Ba 47 |
Lidl x LE-R7 Med xGood 4.9 5.0 O 5.2 f 2 qd.5 5.3
LI-E} x [3-30 Ciood x Med. 5.6 5.4 £0 34 541 56 50 55
L1-80 x L3-64 Good xGined 5.7 52 58 3.8 5.3 6.1 = | R |1

*Seored on the hasis of 0-10, 10 regiesenting the mazimum Lowaurable espresin of vogh feco,

KNS BN A Sl Qe A0



Table V. Inherirenee of Fusainm Wit Resinance in Sweer pargioer

Parental Crowa Will Index Mo. cf  Progeny Aean Prroentagr*

of Pereprs Seedlings Wik Iodex R M. & 3
L1-80 x L3-80 Hr = 33 £} 56.5 TE.? 8.3 —_
POL 21332 x L1-80 49 z 50 236 .0 49,2 36.0 143
14-% x LI-ED 17 x AD a2 3E.5 6.2 £ 4.3
Cemennial x L1-80 & x 50 118 el .4 46 .8 3%.8 —
13-7 x LI-ED 1 x 0 165 a4y _ 6 B5.5 . ¥ 3.4
130 x L1-80 & = 50 &7 L .| 25,4 4_5
LIl x LI-ED a7 = 50 55 521 8.2 21.8 —
LA-%3 x L1-80 E3 x 50 ot 67 .8 2.2 667 11.1
L1300 x 1L1-E] g x 50 67 6.2 T 5.4 4 5
Lidl x L1-%0 57 = 50 55 2.1 718.2 1.8 —
L2-6] xL131 Hox &7 4] 0.5 1.2 44 5 333
Li-67 x L1l Al 5 &7 106 7.7 5.5 9.4 15.1
Centennial = L131 &0 x K7 {3 637 2.6 4635 z0.9
L3-%3 x LI3I BY a 67 1] 693 4.4 £3.5 2x.1
Tanlima x L131 T x 67 £ 17 .6 — 44 7 5.3
Whitestar x 1L21 M x 20 4] 17.9 8.5 i*. 5 —
POLI13s2 = L4 49 3 20 215 65,0 N6 42,5 19 .4
P 12271390 x Lzl 45 % 20 180 iza T6.7 2.4 3.4
Julian = L21 T 20 226 0.3 10G.0
Ceotarniad x L21L &0 x 20 84 a1.5 45 .3 d5 3 9.4
Centennial x Kandee & a A0 39 L) 271 45 8 7.1
Centennigl x L1-80 6 x 30 118 60 .4 466 39 E 13.6
Centeoniat x L21 & x 20 84 Gl 5 45,3 453 Q.4
Centenroal x L3-80 & x 5% 213 9.7 7.8 §6, 0 2
Cenoteonial {3} 60 x 60 142 54 .7 6% .6 15.5 4.0

*F — Resistent; M3, — Moderstely Susceptible: 5 — Suscapaihie.
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DISCLERAON ]

Frel. flarland ;

The joestoig is mww open lor discusslon on lhese rlume papers [ery | aubbady
wizhes 10 1pke part w1 wher Fve their name: o bhee We £an Baye lbis reeprded.

. Moagmon

D, bMoriln hes iodieated hoth fhe polyploll natwee as well g the exbstenca of
hwmology ammigar the gemormes b sivegl polaln berpd Ay ol the avidence ol 1he
oecurtenee of secoodary palring of rhoomobemes s meiosis.  Likewlwe, s=coneary
azriclalivy of cliromusnees a1 melole metaphase b flse been wwed me & rool By
aume Warhers Tor poslnlaling the Fenomic cokatlialioo and ihe rnlntlnng!;lp amaegnt
these gennoueg i sweet petaio, oo spike gf the (Al elel dhe vascl slgnificance of il
phenooveaot s beell & matiet &F cobdllerable codiraoversy. &3 poi khing, seeondary
ewelabion |2 Lhe teera applied by Parlington (1A47) b0 the clase jugtapoelllen  of
hirrotents, o1 bigher aouciathvn lio moelaphese 1, or af splil ¢ hrombsonkes in melaphags
II; 1he peturtence of FAcondary AsgctlAtlon hhs been Belleved bto be e Tepult of a
Tesldun] affinly betws=en clicomosomes which o phylogenetically wr ancestpaliy
related. Such seeoudlary peiring 2 nob ateompandsd by the Tarmoting af ehlfsowie.
Thiv plhenomerp ., Arst obseond by Kuwada (1090} |n Orpa sablive, bos benn cgiey-
Alvely dlscossed hy Lawrebes {IBELY.  Aeccterddng {n the lest  amtkor, ecpotidary
onsuclatioul may teeie oo pro-melpphiae W porond ARsphase, But connat be detecped
At I diRkooptae stag= bevsase of lilerblivalecn: repalslon, annlike the psseclallans
rasulling Tram pramaty palriafg wlhlebk pra beld Dmetlee oven af diazkimensic.  Thkt
phejnomenon & more epaly reengnlzable In argonlsma wiv shotl chroowmsemes than
in 1hrse with long chrsmosomes.

He voneen put thot the qualily of Gxalien 15 af greal 1mpoTtAnCe In conmaction
wilth studics oo seiordacy aslodellan ARd FUgRested that thoes criterls, vl 1y {he
acxoelullas musl ke showm W be consianl i 1he best Reation. T2) the averagre number
of chrogwrsnmes per osroclalivn ud the freagueney Tor pael knd of assonetlan shouid
e rharacieckstle for & gloen @pegies e Ay aTy Jpom spegies bo species and (Y
st Ara* mebrphese Aganclsbed hivolents should be shosn i Ba ool slnclar oces e
capflouratian, ghowld be rollsfed Teefore suel vecondar Frouving in oamy one caae Ls
arocptet as a real phememenan Al pel anoerbefoel, Beveral workers, subeedwenliy
aceepded Lhe wemn af Laowrenes (1931 regarding the falure of stroandary pairng
amd vilized the dats of aefondsty ELALRIMES RS AN ewicrnde S Aecld g e Teve] ol
ploldy of spy t8Tom nr praop of texad Ao 1 hove slready Indiceted, differencss of
uplilon, however, oxisl regardfng 1he coal abgnl Reanees of secondsy puicing of chromo-
rpmra  Favtotd. obne iwAn anerstel homolegy, hesr  boen Impllerted B3 belnE
re=putinible for thim pheoosrtsnom ot B nuWber of wobrkery baged on lheir wack In
dimerent crop planrd, Thelr phservoginns on E’l'-“ﬁ'l'll'"-'Lil'.:r' E5FW At hawe shown macked
heterogenslty, avan whare the xama spdsley Wers analyded. The Tack of xoltakle
techinigaes end the small aiee of yhe chrorgsomnes, o well wa the Wik nf awilable
macphalpfical meirkers on Hho clmomasemes,  preventsd sery acvebtale eoalysis of
hodles which {ske part dn such agchclatiome, Purther L 1= Hakle Lo be greatly modined
ty srgmental inlecclangs. daplicatlon of shromosnme ssgymenls and vlber phenamens,
ol al &11 m=laked b pu-'ly.rp'.l:-i-.'h.'. T 2, 1eeelora, N0t 3 aanlirsly Hellpble indey af tha
pwact basic hoylold oumnber pogesssd by ihe original oncestors «f o groop. 1L would,
Llherafore. appear, v my opinden that & Yery cadtleas appedach B Zeeeddary I udisE
ihis eyldcrere alon= to derlte genomie fonstitutlnn and thebe relaliomchips, prlvplald
neigln and baalc chromoomme numler af tie Eens.

. Marnin :

I ggree with wmr comments an Lhe cautions wge of aesvidary assoclatten. Ir In
lndesd o vécy weak form of evldence. Howowor, In the swncl potate ab the prosent
tirne we 44 not Dave BNy fnl evldeoce af the Kind of crodses to allan® gm0 1est
geomie reloUonships. Dr Alfred Jomws of Titon, Geargle, has ben working og
Chiz and s 1y to develop plents that wlll ©rp=3 wilh 1he sweet pploae by hybridizs
log ael developlng new plavplolde. but 30 far he has nat hpd &nv Buck i develophsg
sugly tvped of pnalysls MU Is something then we nepd b, semelhing which, bedsuge
il lbe sirung barricrs Wetween specles, we hare not soceeeded a0 dolng sn. Wilh
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TeSpPet 10 My 0w COTarmende, T WAk toylng Lo develan this as a theaer ard 1 waild
ngl pit 1 muck amphegle myeeld on secondary paireng

Dr. ¥t -

I owonld Jugt ke Bp commeot an the cydalogles” papemet Mied has beeo orreigned
malnly becsuse tn the work we dfd with the Facitic awreet polata collgsllon. Wa alsa
lad v do cviological work, Tha firal rpeclhinen we Wworked on was o Mew Coplna
gne, e thought then we could wse tnis g3 o guepbiatlve chavacter, shobler wp a
morpholafifal charadter o LMY 1o characierlve ome collocllan Bram all awer 1he PaclfAe
Howrwep, jt wa ot wery long hefers we struck froq Theilend, FI, and Deco what
muld oot be seephdary asiodallon ek since they were 5o rlase, other wnrese= Ir
ather parls would call [bese Wilegs mwililvalenls, Bow we thoughl Lhat perhaps we
ware Lakiog tor much nf 8 Adghl of ooy atwul Lhis = we subiccted oUT mMEC=rLEl
i0 Ir. John Hare, & o¥lclogisl, Ha erewer wad Linimed glely tha! we hod mault-
valermy. The wecond thing woa to [rr to pet geme of the rorrelatlons thal 19, B actin
wnd atherm had trded w gel1 from thiz ¥ind of #liremiosere bafasloue. T e onnlye
cepo™ Bere Lhgpl we had sll saria nf abnermaelities aeeutring Lo ane ¢rtelagecal swateckal,
guch mp couvmting of oweled acd S0 forth. Trut we cobpkd bol cocrelate it wlih slemdiby
a" all, an Dr. hla-tlt Be= pofeded owk 10 as.

Mr. Billiamas -

T wieuld ke tn gey thalt, wiih relevzoce 1o ihe commens by Dr. Yem and O
Martio, ithe iheory far 1he arieknaben of sweed polate, which we hawe praporci
1o our paper, petmlts the poasibllity Lhet 1ke sweet prioln copld be an sgto-hesapluid.
IF the propen:tor gpeeleg were w20 - [dcompatibde and w200 - polllpatom wdth wn yn-
reduced male Famele ceearered. them, brooese of Abe possible epperiunity far the
oLt of compaiilyr Interacilon between helecodence alleles Lo onn pallen eraim, it
I# coneelvable thol a tolpladd offspring fonald e formad ThEE Tollowsed by doabllng,
rookd teawll W the generelan of ao autarbexeptodd

Dr. Mg -
Whee #videnes do yoo hpwe In propasiog s thepoy that sweesr potate could e an
anl-herpplaid ¥

Mr. Willtzmr !

I dld bul zay thel T wma proposing o theary thgt the ewect potele wis nat o a
hezaplold 1 oextd that the theoy of b potaible metlusd of oogin of Lhig sapecces
perlis this posstbllly — (he theery of ihke aupply of onreduced gamobes But ewen
i ut did Lrk Tack arigineis in awch a maoeer, Thers oold have beom. in Phe revglndlonary
klatary of thin plant, a lol of oppertunity for gaqranLal differeniiation of eome= of the
goenomes and aelecUon (47 meictle stabillby g0 that yoy =ould get & high fregueniy of
bivalant pRIFE I the preceolddy ageschod,

Dr, Cope:

T would 1= t4 #3k Dr. Maron whother he bax fovnd evblosce of hamozggasiiy
tor ineampallbLUG allelea In Tppmoea specles. e meotlons lhe segcreabzon of parenial
kypea In that one plant & evldence for pocephidles ®anhwl. Hax Be olso fowrd

hpmory foalby T

Dr. Marrin »

wWall 1 d4d ol meentlom sprcephiile ealce] Of sell4ncompadbliaty and. In fasd,
1 am & ‘Alitle reluckadn fo sy vy TAuch sRbont he [neompsddbiliby spafem Hilil we
complele aur vwm BnAlyels of it, allbpugh T do have my vmm ppindons on 36 But
pow, A fae o the possibillly af homoev@ios alleden 18 the =yeg! potals, I thiok the
pomiblliy b very BEEN because we run mio these cxsepUopal fases 9f oTnssing w
whieh Hiome & & vmdlatersl meompatihibilty beleen 1wa differ=nt plaoc‘s. [n ather
waards, the crass cam Leke place ¥ abe chpecllon ut ool I LW obker, akd I buch a
pade ‘Ag THight expect thpt ore of Lhe alirler was in o homoryfous state. This unllaterat
incompodbdlityr dors not seem to be the tegubar cawe. Tk has only betn roctrded on
=ery much of & ccale by ope Inveatlgator, slthough other (nvestigatars hAve found
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unuewal plants that dld oot it nle LAz schames, Flpally. 1 wonld The 1r oy thal
whth the lpomoes specles thet | heve hero working with, where the Incompaliidl Ly
L tal ooffused wilh sedlly, all of Me craskes e diotdally compatlble ar mutually
incomprttble, There ko none of 1ths wniloieral Incompskibiety, whicl mabes 30 10wk
as If there 1 & moct of a breakilown In s sweetk polsdo, 2 partlal leeampetibilily
permiting the dxation ol SegLOCs 02 |0 oA WwWulg,

Mr. Gooding -

1 would [1ee to 63K Tir. Femmandef ene ¢F 1Wo questlons.  Ar ane wha ic sninTec] e
o {ietd procesxing om well o= In agricullace. 1 oem rather lotzrested |p LReke currelolions
between Daking guallly end warleus duberc chatbolerbtilo.  Zame o' whieh Seen
gxtroacdtcamly wunllikely, p g bakng qoality and ralnuT 1t £60As AloEe, Lbat there
shruld b= auch & high peslllve coprelathon. Aod baklng guallily ond polelhezas I amn
Atk giale wTe WhAal 70U mweantk by mnleimesy — whaelher It is dbrectly telaled o wptep
cookent apF to aplld content or what  Could you cxpand p Uitle Bt 4 Heese plepte =

Iir. Hernandez ;

I vhall b g2ladl Ll 7A@ sa¥, 11 WHIRE qubelily. we da nob eomider Ehe Baking
Index to be compoped of a meen of gl dhe charpeters ifdlcated  wis. sweetnest,
moistness and sp fofth. Mow, 1 am tefertio® lo @ molsl fleshed 29vaer pa<sin ax
appnBed (0 3 ATy Befhad type.  Wow 1here apTears |8 e comewliol of o llokoge botweon
mary of these charack=cs and =uleor which 1 am falklng shaul, 56 hat o high qualily
owegl pilpln 10 ek B o8 ogwesl patBLa dhal wili BalHe swedt, st molst and of colae,
lae & REEh cordepcld plgment caolenl.  And 11 seeme Lhed =% Twyve Ded diflowity |n
atainkng & high dey oeatl=t with 2 bigh cafolendd plment esntent in feeiflings. T
aur eelectloh progeAmee throaghout the yeara wie almel e ceacliong  a point  of
homdey sty witlh most af these charscters. 2 Bz, we bave peooverdd many geed-
lnxs whirh combing muat of WAese AepTsble Borteuliaral iBaracisr:

Mr. Cooding .

Thank w3, | was maklng 8 mislake |0 aswining tiat bakiog quahty has bicn
o rother kplated Faclor patilcniatiy yelpred 6 the texkure of {he flplsleed pradunt
rathi=r than thking tbe other thinga 1ol conslderatlon oa well

Frol, Skelding :

1 would Hke to ask D, BMarin wheller o Jils sl of vawsss of LarcmpabiblLiby
he has ony ecldenss O iMTAURILLY Tebamen endmparm and o®bvvs camlng Inle
the dciute &b Bl

Dr, Marnn :

Beally. 1 da nnt think that 1 have snaly=ed LAl FBAceay gufcienily o =llmlnata
i posalbllity whew Lhere |3 gome endpaperme-embrea docampoifbilng 1n the pon-vlabke
pead: of the pwpet potatne  OF tdoese, thers jy wery LR endisperm In thegr and It
12 my ppinioom, at least ab dhig ilise. thed (allwre of gecmingtion 1n pel B Talier of
Inrompabbilly ul Awe op Lhe Ffacl that 1he eodosperm s wwut lully foomed or ot
auMickontly larg= to supporl 1the ambryo

O, Miltliorpe

I wobld Juat the to sk ook amall guextlan. T obe uwses the Erick whlch tae
breedens of Trixh ]:Ilnl.l.bil ute gl Femorins 1he taecsE Juring Lhe eBTIF stage of develop-
mepl equld this loAuesg cthe proportlon af seed which develop ?

fir. Hermender ;

Well In our oo we Bave Dol had any dificolly o obtzinlng pooagress  Tuber
remeval An Far B2 w5 arA concdrmAd, dear oot hReve any dleett bescind on o send
maturalkn — 2a fpng 2 the planl loand +f couree, 1 ihink the: prevlala speaker liad
it mentioned the aPel of epvironment on peed ral wheelh plays & very Importanl
role Le Lempefalurd, hmddicy and ao forth, We plereryed Towewer. LAl tuber
remva]l Enccessed floWerinf intensiy pod a&ed 3¢E,
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O, Afortén ;-

! agrae with M. Harosndsz that enviToiToent daes hawe & sbrohg nfueges ok
the aoroitol of aeed ml In tho ptvec| polsle.  YVed, whebh ooe comparess Che Enaxamum
seell et fhal cam bk bad 10 & PR with Lhe mindtnam art ander the morl rntavourahle
tlrebimslaten, the amoool of seed 5ot L& £1] rether amwl] in pompatlsas wilh the
Teproducilve pitentlak of the spetl=. Thin ln why [ permonelly hare not emphasdaed
these enviepnmental facters. Furlhermoce, 8 rery luge range of  Snvdironmentsl
laticu= hare been studicd by aome Investigeicss asd 10 &1l chesr, ®lbough there ace
mpte changes In pereonts ge goed sel, these chonges hpwve heen smafl compaped te 1he
total sierility ppAone,

Praf. Harland

I ihink thal sioce lbere ere op mMore coptributicns from the floor T eeculd Ilke
to philespphies for + memetd. Flet of aB, I think we milght accept provistong ||y
Mr Witlams® thegry that the ramel potato la the resull of the crossing of twe diploeld
pprrken, probably ooe éontcibutiog a0 rreedwrsd gemata followed By daubliog af tha
thrompaotuea to produce & hexaploid. Mow [n thls case, both of Lhe coplelbuing
spetles, | think, miat haws contrchoted 5 anli-Incompatibillty meshanlsm, sad o pog
of the specles vus contribubing ah unreduced gomete, yayg gt twn asts of Bcom-
patibiflty doechanisms In one of the crmponents and & slkgle ome ln the other Artually,
It prems Lo be ressomable to yuppose that Fou cpo gel inter-ijncotnpatlbl= ard com.
patible Erobps and QL therefore sewdis Ukely Lbak one of the scll s [ncompatibliity
r&chaniams feom ama of the speries hag made o taks - ower bif, taklog orer che
mrecbenfzo  Mow thk wuvuld ja=sn Lbal wodallon could ocour Lm the olher aelf-
IneomnnetTsl ity mechanigme lesfing o thedr glmosl but Bot guite tolal reduetiom.
MNow the wholp rtuaton 43 of conmse tomplicated be sterdlite. 1 chink | v phitoasTlhize
aFathy, the Lhapalrment of the reprodinchive mechanlame s of cOLrse commaon ko all or
moet yegatatlvely reproduced plante. Choep pou go pwer mainly to vageiollve repri-
duction — ax Id the cowe of Lbhe awWeil piisla — the purmal reproducllve mechanisom
18 I longeT roquited [o opeTaks st 0% efirioney god, se 0 ke raee ol Organisma
which wre coofoed Lo cevex, pver geologlen]l Umes, you get dn these orgendams o
compdete breskdown of the ey mMeCchenEFme a0 thet the orgenisms becames BUod. In
Lthls coxe, when the repreductlee tnechabiEm Iz nol ezeenttsl for lbe pecpetustlon of
lhe sperked, you geb genebleal breabdowm, murraclon B ihe  Teptaddckive  complea
whirh la oapposed by selertion sod T ventome to think that the sweet podatn baz gnme
pretty fer #lopg thet path. Mow Wus process, whereby unwanied or unnecessary genle
mofHexty foukals unnppetsed by aelectdon, I called geneellco] eonaion and yaoo ran
Hnd nurersus Baoancet o Lhe plant kingdeom whete thid poicens Bos Laksh plpcs
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THE ECONOMIC ASPECTI OF TIIE MACIFIC SWDET FOTATO
COLLECTION

-

I E. ¥enm

Bernice I, Fishor Musew
Honelule, Howad

The eolloetion of sweel pHa vanetics from the Pacific Tdands was kbeauwn
in 1957 with its objoctiive being mainly cihrological oo inlepest (Yen, 1%H3a).
The plant, fpomaea beedias {L.7Y Lam., Brst dentiied specifically by the Lotamsts
witl James Cook hus offered an eniptin in the gemeral topic of the peopling of
e Pacitic, lor the debated American ocimn assigned te the plune Toreed 1be
recopnition of the pozsibility of prehisoone comtacts weth the Mew Woarld [ Dixosn,
1952, The wope of collection was extended to America and Asia in the light of
the unsettled issue of worigin, simce the evidence of Yawilov (1931 1945,50)
for Scacth Amcicen or  Mezicen provenance has nob been defined, [The Jive
collection, prown in Mew Zealaod ac i was grhonlly occomwluted Eram socecesffvee
field oripe, demansiraled the comparative variahility of varietal populalions from
the. brozd peopraphical aress, and wdicied  that (he oltinete soorce of e
Tolyne-ian, Melanesiao  and  Asian natenal was Amerca. A& peport on the
incomplete material (Yen, 19%036) showed that the ares of provenance far  1he
whole Poosfic meterial coubd have heen wennified wy Sooth Amenice.

The ull colection of S8 varieties was prown for the final comparison in
the 1963715954 scason,  COyiclopical ineestigation has pradieced Litle  chanr coreld
diffcrentiats the populadions (W¥heeler and Yen, smasnsoriozd, but 1he adieon of
varictics frome greas previowsly unrepresented hag sllowed seane fuileer inlerpee-
tation: of the manner of Jdifgtribonen of The plant,  While this 3 not the subjest
undee dircussion, the exdcnsion of the messatements of variatow i als pessaance
sneg 1963 hs encnpassad some plamt characiers which are considercd ta be of
econcmic valoee, These, then, comprisc the focus of 1his papee. Fumther, the
nforrnation monedd o the coorge oF Aeldwnek om the adaptabion of the pland ing
indigenars enviconments is considered 0 comjuncdon with he penwannue chaficies
in the phimt's varisbifity,

The possible contdibutions of  thiz collecton in plane improvenant are
secm as two-fold:

T, The variatien displaved within the species of the characters measirad
shows  that funher assessmends o depth for 82 many économic
chavugices as prssible may reveal genetic matecial for the nprove-
ment of the plant in modesds horticultore.

2. Some selechiony directinas for native culivation mey he snmewhat
divergent: the definitions of 1he problema ae lmibanions w production
and (e melection of parneolal genetie material of  the modern
appra:k to plunt tmprovemend mey be onmbised wih the selective
preceiacs of 1he cufiivatnes in e moltifaricoos eovironments gnder
which the plants ore prown.
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SOME ECTNDMTC CHARACTERY FOR BMODERM HOBRTMCULTLRER

The wvariation: 1hat Tive been meconded in e swcet potang may be
described a5 extremsaly wide o characier. Whilke the duta oo the individual
morpholagical it may sbggest thal some prouping of thess may oecur to gve
8t least some  sub-specific laxonomike  clasdificaring, 1the afempia 1o achieve ths
in this coltection huve menlted in the concept that (he species 5 a highly vacabd:
one, with Tree pene inlerghange, conpadble with 1he hypotheis of s aflopaly.
ploid parentage {Ting and Kehr, 1953}, wdth ioterfercnce fo cvolution by the
homin agency of Wegetahive penpagation (Yen, 1961).

Eince 1he Maller data iz o0 be published e=lsewhere, 1hes dipowssion is
restoicied W the descriplion of informanon relevenl w the possible implications
I plamd inaprovement.

The pencral indications of the wider range of vedability of the Amerizan
maenal ower the remander of e papelations hetd pood i the expanded
macnial, and ower a prealer numbet of plant charactors than were becluded g
the preliminocy report (Yeno 1963057, At ond end of the renpes in four
charagters, however, the American vacability wras exceeded with: neoae glabrogs
repeodoctive pars of  the Nowsr v sime Thal, Phibppine and Xew Guinea
varieties, 1he preater depree of  dissection of leaves i some Wew Grinea
varivlics, the prosence of a mawswe riether thin while stygma in some Mew Cuinez
and Philippang vareties and the lowesy speciBc gravity of edble roats meconded
in the eoliseflon in one Marquesas Tulend vacety. In 37 other plant characters,
the American varelies coweied the widest eange exhibited in the colleclion.
Thus il s the American poction of the collecten which wum be expecied 1o
vicld the highest potenlial as o getie sourge for modern phent breeding. Soire
of 1he chamicters assessed o chia work of such value may now be deseribed.

The prublem of sweet potete prosdoceon on which many breeders  arc
concendrating are those cawsed by discase pathogens. As 3 sooree of ecsistance
to black rod conved by Crerarocvers ferbriorg BN & Halst, wnd  scuef by
Monilorhdered inflecrons E1L & Ha'st.. the collection seeme to hok! considzrabls
promise, for in iests of b dnesacdation witle the 1wo orgenisms, some varcieties
cxhibil resistancc, ar at lragt high tolerance to the discesss (Miclsen and Yen,
196680, The cix most pesislant warietws 1o black et ez From Pero (5} and
Eeoadar, and toe scurf from Pome, BEowador (17, Colombia {17 and the Ryukyn
Istands (17, In coonestion with the previows comment on the fres segrepating
nifgre of the spectes, I should be weed that in no cace, has one vafiely seoved
highly for resistanee to both or@anisms,

The iipprenct of those chaervatiang &a nat hie in the ideartifications ol
the sesistancce, For veretal differences of  reaction o Black o4 have bpen
recorded by Chea (1953] aml Mamig (1954), and o oscurf by Pooke {1932)
and Kantes and Cox (13587, The varability aver a wider ranpe o magetial
than is uswally cested, howewer, indkales tat there may be moms  effective
resislances than wre presently knewn: that the scemingly quasntitative inherirange
of the resistance reaclions may allow af & buitding wp of eesistance by selection
in breeding popubations from hybodmsations of  saceties: that there may he
firrther qosistanses W ather econgeik diseases within the o'soton. Using
material fromw the collecton. Macin  [1986] Tas jovestigated the reaglion of
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vapeties o sed] ot [StrEpat yeer Ipeemode Person & Martiny . Hiz so-far
unpublished retulle from tests devised by Cerlsen and Struble (1960}, of e
corredation of T mumdbers af layers of nitenocleated periderm pone Hssee wnd
cesistance bt this desass odicate the sircng possibitioy of resislance which could
be Thigber than some comman  Amencen comneeczial vadicoes denved  from
varielpes bergm Souds Amerca, the Marguesas Islands and Mew Guinea.

The Further distnbution of materti] Brom the collection to swesl potato
hpeders wuyrtking with plant pathologists may well produce more wseful sesisiases
cheracteristics.  While this may be considersd as the grewsiest potential for 152
collection as a sourct of pencdc factars, 1here gle some oiler Dmecestiong plant
characters which may be of use w breeding progrommes,

Ome is growlh habil of the pfanc.  There are two vaneties, ene Meakcan
and wonc Peruvian which display shorter vwine lenplhs  (the product of shoct
internodes  and  low wombser of nedes)  which exigod tn only @ meon of LS
inzhes a1 maturity under Mew Zealand conditions.  These wary from one anothee
however in thil the Metican sariely has pnetrate siems while the Perpviin s
uptighl.  The wiility of wuch characlers mey be more apparent with the mock:m
agronomue tremls doward the mimemisation af lerbags gpeowth o Tagzlbitne Lok
farvest meilods, and clotsr plunting spacings 10 produce wnafoom end somewhat
smafler s,

A forther cxample is one directly concerned with prodecilon, and while
applizable oaly o Mew Fealarl cnoditoms, may poen to porcsibilities in other
lempetare areds. It has been shown Yen, 196207 that theee 1s sepregation e
(hz species in the ability  of  odividoal cluasgs 1o ze1 sacllen storage pons in
Mew Fealand, O those which do, there 19 a wide vaciofion eadibited in medsure-
ments of producion based an per plant Ageces of nember of edible meats,  or
wenrht.  In dhe most mecent comparelive grawing for exanplte, the standard
Kuew Zealand wirivty, (heeimka Med proweced pream figomes of 5.2 mars per
plant with g weight of 3.7 Tbs,  These wore exceceded, a5 in previnnes compacisons,
vy o number of unported vaneties,  bot despite the further additions o the
matcreal, the performances outstwnding io these indicanes of yaelkl were repeated
by twa Peruvian varicrsed, one boacing nearly 185 roois for only 3 by weighi per
plat, bot of a size useful in caoning. &nd the other with only four s hur
weighing nearly 7 s per plaon. Ty s wedorenate, that o oller characigrs.
1heze varicties are gmswited for direct inbroducteon into Bew Pealand eommereial
groving, but they are being mvesligated furthar in their breeding potential.

The meconds nf speaifie geavity of roots grown i the experbrental plols
have shoosn thel the ficwres of between 95 and |.0% {07 the collection exhibg
a range of vimebon i oacecss of that of the Snlongm potato. The lacrer, wath o
ranpe of 1.06 —1.12 {Schippers, 9637, musl be consulesed a better scacce of
starcly, b ip ceopical climares, the compaative pross produzeion per acoe would
Jawour the soeeet potaio. That dhere is oscopr for selection im the spesics,
panticularly where sobids coments are impwaTant as in some forms of procedsine,
mar be laken as wngueslionable as shown by dhe variaonn o this collecdan. In
rernas of sccking products  Erowo arapical arcas Tor nodecn use, hawewer,  the
compelitive natare of othér darchy root crope. cg manoe, hay o be laken oto
Eclndis s L
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ECCHOMN. CHARACTERS IH  INDMiEMOUS CHLTWVATIOMNS

Tl adaptability of the plant in Pacific native agricuftoral contexts lakys
on 8 rether ditferent identity, for both  the envirormenis io which the sweo
potala s grewn aomd Ly coltivalion methodls e meme contrestive with modern
koctienlure than, for example, the grain <oltures of e Mwldls East and
Western Eorope. It is well to pause In cencidevedicn of theay differepees, for
they have direel bearing an the chaice of objeclives in plan ipprosement
for the 2rea.

The adapiabiity of the plant over & wide renpe of edviconmental
comdirnng  jo demensieated in Oeaania, for 18 found within the agnewitural
contexts of low-hing coral atolle and the high volcanic istands [ Hacras, 1958 ;
186013, The sweel pataty has been gollecled in gacdens on the sandy end coral
derived soils close #o island shores. from drained swamp arezs aed bom hill
caltivariond up (o 5000 feer jo clevatian.  Cienertlly, 1he plimt hece is associated
in zgricultvrs]l systems with perennial gee crops like handna, Sapn,  Coccowl,
breadfruit, and other major starch soweces such o5 tame, yom. meniosc,  often
nccupying 3 secondary, supplementary role. At levels of 50U feel and over on
the «ontinerdal wslands the plant assueses  a  medaor cofe. In Touzow, iU is the
mej componsnl in the cropping pattern of the shifiing  collivation  clement
of 1he steep,  higher slopes which accomponges the permapent  Held e
terrace cwltivations. In Mew Euin{;, aver 4 million mountain people  (ihe
ealimalte for the Auctralian central hrghlands @5 arownd op= million, Watsan,
1964} ars laraely dependent on Lhe swest potats for their subsistence. Tt may
be sad thit among eootemparary indigenoues pocietwd, thal the cwest potato
lae been pdapted in apricultural syetems which incorporete the slach.and bwos
or malpa methads  in 2lope coltivationg, The spanal successikin in terms af
Aldilwds of crop plant imporfance he: been potsd by seweral aethors, e 3o,
Barrau, [958, Broecklickl, 1964, for New Guings, and the place of the sweet
potats 8t the maximum level: of agriculiuee at spproxinalely BOO0 feet painted
oul. The inferences Tor the adapiation of the plant ¥e o two deirections — the
ability tr coow o0 stecp tepographics, and some tolerance to the corder condigins
'The pre-histnmal diginibvnian of  the plant a5 8 mopor agricultoral plant in
peripheral Palmeesie may reflect somewhet chis edapiation; for am Hawan  1he
plant cxcupied] the principtl role M guele {divland swooatzind culivation
{Ifandy, 190%, the Faseee Txlondees relisd on the plant stncs meany ol the ather
Polvnesian stavle plantg ke cocnoot, breadirmg grew poorly; in Mew Zeoland,
the sweet polate wan zdapied  to the more lemperate enwiraanmient  afler 1be
invention of the Mauns nl wndergrownd storagme techogoes wkhich allowed  he
plant 1o he goown a3 & viduel annral plant (Yoo, 19616}

The sdaplaticm of the plint 1o the melalively atypical tropical conditions
miy b geen ag the interaction boiween modificaion af the eovimonment by
cultivetors — nerieultural methods — ancd the inherent penetic ability of  the
plant v jes variability 1o withsiand the satural epvicotaoeon. Tt s the  Iadter
aspoct on wrhich attendion is focucsed.

The growth habir of the sweet pogang plang, eeferced to carlicr, has been
classed into several forms, and dhose which achiewve the fasiesl geosth in terms
of ground cover ate seem e be the most soiled to moantein landecapes. €36 all the
plants mrown Bs slarch stapies in the tropics. the swesi potatn st e cegarded
a5 the hest for gs soll-comaiming possibibities.  The cxtremes in the range of
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varation of growdh habit, bowever, the buch 1ypes with agronorme  possilifinss
in moder hocticwltore,  and the very ong vined forms with long ineernades
(ever 10 cios. i some Ferovidn and Colombion types), with poor fanchng
|;||;'|.'|;.|-:_'||.'|:|'r|-\:|1Ir e A F!TI.'I-'riI:lI'." cffeetive r.!|:|1:|[ denmily.  The prrermyaite ypos of
rapagd prosweh and profuse Branching palteens apprar as the maost cdechvr..

The 1zsting of 2%3 vadenes [rom the colleclion for ccaction tno cald
Mow Fealand proved thar the species gan be sepreparcd inte slasses of deprees
af toleraeze While ao varictics withsteod sustaived low especalores ot or peac
frost dewel 32 deymees 1), mamy.  ewrn thewse deriver] Frem lovarland  dropic
reginne, €xhibared surprising welecance. T is ahercbore sogge- led that o high
teopic arces whers unooodictable cold conditions can prove dispoirous 1o swel
il HEEL pr\-:_':-dui;linn, sl therelore b the Troad 5I||.|‘r'|:l|-|-' |-£".'E|'\_-:I am it Wew Cryginea
adazpil. 1958 Sawk Faeilfie Pasr, 1960, the purpeseful selection of cold peleram
reney iy e am mponiant aabilising cooslagion Taclar owe such coomomes
Bone trendds of cxploitation of sub-alping arcas cbhour 800 feet. os deserihedl
By Bewers (1965Y, howewer, may he limied by the demand an the spoecies to
withstand funiber enld condidions, and the enbetitotion of other erope o, the
Solamre; potato As suppested be Keleny {19600 mav have re be extended  if
agricultural  erpansion  contipues. Comegpmable heigls hove oot ver heen
reached v Philippines indigencas agriculturs, Put thould demographic clanpes
owing to improvements in hwman hvpiene and healh roossires result i wpeeard
trends. adjusimenrs n agticulire may ocenr in rhe inlersificntion of eflars e
e swwiddaw portion rather than the permanent rce fld. The limiaions oo
the [atter may be seer nat anky in the pddiicm] cependatbe of [abaur 1o greae
eor elalerme ageicuHoral capitel. hat al=o in detms  0f che adaeilion of cicc to
hipher altidndes, the amounts of lind suilkeed do temmacing. and =specially, the
avisilahle sppeplics of water for irogadion,

A furher meagure oF adaptakility iz in the occommencs of plart disea<e
dizorders cauesd by pathopons. The ramges of  Meeises keaan o e sweet
kAt cf o american hemicwture have ool boew identificd in naeive apoiculocral
costexts. but during field work, the oculences of disepses have nften been
ohsgrestl an oo Tavpe scale. o lower allindingl zonzs, e, helow SHNF fecr in
Mew Guinca end in BTl celtivitions pot Far from the s, but upder 1000 foer din
elavatiom, the leaf divcase cousal by Fluzoe sp appoars oo be af comsilerahly
mare impenance as 2 limiting factor of preduction than in niber arens. In the
hichrr elevuions e Wew Guinea, the diseace was oor nheaved. 15 adentili;anion
af dikeaies 5 a pre-requisite 10 improvement for sueh areas, and the mossilvildy
iif |:||1:,-'5:i|;:-1n;~g'i|;u| raey ol ||'rg:tr|:"\.r|1x (TS S | TR Ty :q:l:-ln}g!l- ol 1the Pacific Mty
e furher problematic siluations that are nof wncommeonly encountered by
plant breeders,

In the =ide issue oF human adaplanon inoanonrca Tke eontinental  Mew
Coiren, (he effect of dizeases in agricuToeral placi= ap the warm homid zones  of
coasts and middle altitudes may hove 4o be onnsidered Alang with oher coological
eomsideralions, the prevalence  of Twwan discises andd the <ocial pressures on
land rosnuwrecs in the stomy nf the twpansicn of  populations mln Al wplawd
aread. The dependence of dese peoples on rhg sweel pulalo inwesis 1 with the
reepon=ihility ol mob only the main copirthutor A0 calomie intake, T phe
mypirimal quahiey awpeee af 17 sliel. The Lagk of prodein = perhaps its mest
sorions defect, sspecially where alternative <ources are poor, £.9. i New Cuiaga
(Mailey, 1943, Cumen o of 1961} have pointed out possibililes of sele;hion
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io this character, for the wamebility thet wis encoonierad supgess similarity 19
e charaviers ¢aplozed in the Pacific collection,

The dogd-purpose oubisation of he swoct potato in e Pacific  has
considerably mare empharis o oative agricwliures, for the plant peovidss botb
leef and starchy roor resourees  in ibe dicts of humans and anoesls,  and
pactisularly in pig-mising, The socid conseguences of the soeet polale
terms of ils efect on buman population [(Watson, L3653 o0 Mew Gumes may
also apply o swine-heed populadons, ioc e role  of pigs noecooony #nd
ceromonial Eife is extensive (Vayda er @l 1991}, The feeding of sweol potato
msits maky be peeerally assigned 1o surplus asd discarded productioo, buel wo
mctads of Feeding herbage ore employsd. One is by 1he cutling «f stems  and
leaves expressly  for goreey feeding o pigs — sometimes i Acgde, they are
vhopped and boiled with househeld scraps furst; and by “controlled graging™ «of
Bclds, grrerally after the main roor barvesls. The ioveluniary breakiop-in W
cullivatione by domestic and  the sonerimes honted feral pigs conditees 2o
indirect, byt by nio means, pfrequent contribution 1 the food supply. Forlunately,
ihe improvement of this asped  of  unlisation by sclecion is paralle] wothe
requirements of plant type for clope cultivation, for it 5 the “intcronediate™ fasi-
grawing types which have the abudity 1o reccver afler cotng, and perhape, afler
contreliznd grazing.  From Sowth China, there & information of atilisation (gt
indicates that setection i3 precticed wands the glabrous stcm pnd leal forins
on the scoce of their suitability for both hurnao apd amesal conzumpticn.

The foregning meay ganvey that in Pacific indigenous  ageiculiues) thers
are no plant sslecdve procedures.  This impresswn sSould be cormeeled. Ino o3
previous paper CYen, 1967), seme of the ccological sedl social peocmiena
which render these procedores bess apperent bave been outhined,  The diceciion:
of sclection sppear to be iowands soree of 1he ¢haracters 1hat  have besn
treutecd, but i i eomsidered thar the assistance of modem breeding mechads may
accelerare such efects by rthe  woeemilog genetic divecsily  wovards e
desirable ends of 1he renges of variation.

THE POESIEILETIES DF UTILISATIDN OF THE COCW.LRECTROW

The modem teend in plant beeding s towerd the elanisalion or mint-
miriog hroaping {aceots  to production, the fitling of the plant 10 advanscd
tochniques  of  cultivation and harvest and the improvemont  of gualiy  Eor
specific ends, @p. pocesking, whike at least maistaining prisdoction level. Tha
exploitption of the Pacific collecdon, including the bnpwevant Semb American
array, lies in the seiteh for wsefud geng conptabutivns (o these ends. Apant  froan
indwaling thiz potential, there s little point in Further grabeoration, for the
appriach merely rpresents what has become a classical approach te the impenyve-
menl ofF crop plamg = the cxploreticn of materizls ¢ollected  Froom indigoneus
cultivation contexts.  The problems of bresding procedures in the sweet potalo,
the mmprovemnents e echoique and the meBaements jo the methods of asscss-
ments of the waviouz reguired gquasites are to be discussed io this sympasiom.

Il the anprovemgnt o sweel potate stocks in indiperows cullivations
wore ta follonw the onhodos approsches whech pesole bp 4 Deroduciron of cthe
“fimished", adapted vaosties, the diffieuliies ol such attainment woo'd  be
considerable.  Litfle arpanised plant bmeding can be done i site oroder he
preseml coosditons of  scientific vrgwmsalion and finance, amd any proposal  af



YER! PACIFE SWELT FOTATD COLLECTIIN 1—51

initio] work to be dung foom owtside would s cequire the selection aod testing
of breeding malerial ower the wade rapge of shvircwmcn; which eonstilple  the
occupation areas of native cuftivetors.  The difereot nalure of the zancultural
eystome and Lhe Lerraiy dnes make difenlt the applicerion of normal feld plag
tevhuigues jo [odh spaceal and time perspeclives. The loliowing, then, 5 &
suggesled modification of procedeces which Incorporats the wodem appeoaches
with the selective proccdores of the proples in quection:

1 The Defnitinrr, Svane afl (e plowr charaelers that il the conteals of
arezs, erolopics! and ulilisational, heve been sugpested. The necessity  foy
fucther Jefinilive research, howewer has Teen indicared, ncloding issuce of plam
pathalory.  The ro'e of pests hes ol been meotioned, but the presence of both
Imaf wnd moot predavors has been obscrecd in field acek over fe whele Pagitic
arca.  These definitions should be applied to the colleclion to assecs the breeding
possibilines over the benxg] Base of requivements o dhe species. While |he
Sowl American collection appears o have the most promise, thers is suficient
transgressiom from that vaciion o some of the ather popolatines (e segpest
that new gemes or  at  feasd new combinglions may Bave been ewolved due o
relative isolation of the popolatms zfyer anndal introdweticn.

2. Plget Breedine  Fioce mosl charagier in Ve gweel polaka appear o be
inherled quantitatively. modem dicective brewling technigues rhou'd be applied
i concenimate pene hliwks which concibuiz 40 the manilestacion of - desired
characrers.  The physiologizal cootrol facilities wow owilable could ke put o
wsz jn the prelimanary kboralory testing of such combimatkan= by growing  them
in the simofuled Tght and temporature conditions of the areas for  which they
are intended.

3. Field Zelection, The intreddwstirm of a range of these combinations diccelly
intes the Bands of indigenous agricufurisis mey have two pnpecled resules: The
selectiom  of  Clomest immediately congilened desirable, and  the testing of Hwse
by empincal ohservation.  Herlicolurel curiosity ensures  awel observanion
gver the ranpe of  etviponmnts engl agnevlateal pracices that ensue in piven
communaligs; tee succession of teatings weder swel conditions exposes the Clomes
intoy the texual mepeadibctive cvele of che plamd,  wirh suhsequent carrtbsonns
iory the Tocel pene pool of desicoble advenlive genetic matedal. The combinaticn
with local adapiations puay give eolarged scope for (e seloetive alents of the
dalive solectara.

Thers i3 now gnpsidératde swhspagistion o the explonation of sexdhing
swest patacte varietien in such agricvbores.  In the eerlier phaces of thin wark,
the oocurrence of trug seed [ed 10 the suppestion 1hat this provided the Sowrccs
for the secidental discovery of seedlings {Yen, 13907, That there i culioral
pwitceness of the sowecs of 2uch new varictace, bf pne the acioal mechanics of
their  production, has been made obviknrs  in subsequent Feld-work  in the
Fhilippines and Oocanic éslands, where reonrdd of nesw variclics with descriptions
of their seedling Yeaflets  on first aiscovery.  These are Ieat support by the
specilie ohgepvalions of Bulmee {19653} in the western and castemn highlands of

ewr Crpinea. The practices of selection is further reflecied in the coteporisation
af varieties [ il wrestem highlands infommants oF Bowers (L9657, g hose
which grow well and those (hat are never plunted 1o the high altitnde gandens
el the Kawgel Valley. Two of theee varictics cited as cxampls of thege adapeed
t> high kvel growing proved W bBe among rhe most odd Solerant in Hhe
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collection i the Mew fealand fost.  This iz & amall, bw signifeanl indication  of
the funcrumalism of native seledion,

On the mber hand, e supggesied procedore take:s advenlages of 1he
asexual propagating medhod opplied vniverselly o the plast, Tor celection by
ehmimalicon, with cofcorrent growing of the local forme, may oegate imined.
wiely aod horceghly, any miiakes ihat might be made in oew intoductions.
Were the plant obligately sezval and cross-fertilisipe i brecding habit, (e
would be for Tess rooe for unprediciable ercar,

TONCLUAON

The plans for the development of indigenons arsas and peoples  seldom
conxlder subgimence agricudire 29 an integral pact of @ contem poTATY SoOnoTLc
system,  Barraw {1938} is one of the few to sugzest dhat some aoess e plagesd
on this aspect. In some Taefie iglands, the subsistence systems have been
virntually replaced by cash aod plantation cropping. This replacement  has
brourht with & some probleris — i oative nuintion, e imbalance  of
trapsiticonal-iype ecooooics which provide labowr witbowt die incresse of @pial;
the erosion of social institutions, many of whkh were the oohesive forces  for
sprwnftural arganisation i ecerlier timess.  The coneecvation of subskstenes
forms of agrculiure, in tewic cueroa] fonction of local Dood supply  must  be
considersd an impartant ped of eoy futkce designa in guiding the cvolodon  of
viable ceonomic systems,  "Conssmvaton” a5 wied hete has a cofnotaieon of
progress, for it contiders asaictance that may be afforded by modem soientifc
endeawiur in folk contexts,

The latter portion of this papst 15 & minor and indeed, heatant  exzay
towards 4 conteibution in thiz direction.
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DISCUNSION &

Fecd. Hartend
L. Yoen's papet k& oow apen for disciksioo

Mr, Willlere !

Dr. Yen, Ip our peper we mwde {olrly prolife rederences Lo your work o Lhe
Parifie, anfl o0 your colleclioos ol aweel polatods thfowgliool O workd. 1 owppld
ke to ask yunl f yoe deteckad, In yopr collactlan of A=iatie and Facifle oMo aby
gpreaddl rowards & chenge to pio homasiyly Lo Wbe sweet potate oS compaced  walh
collectiong From the Aowecicas

Dr. Yea:

Mo, L am afredd oal. In #ie largetr eallecllon wo skewsd tyrpes of dist-ibotda=n
were deleclesl  Wa 40 mal have aoy sigoibeaot distdbubpn geograpby-wilse o Lhe
cha ERetar,

0, Hermander !

pr. Yen, I would Lke to ask suva sl what perevnlage af the ceed|ings Frave
rorofece ploidenl io LEse Oashy FHOR.

I, Yer:

[ have forgatten ihe expet perconlages bl whel ] fan fell pow Jo ibal we had
high olorailen bn maoy clooes.

Dr, Herrnarder !
How high 13 the highesl you woeuld estlmaie,

v ¥en -
1 would retbar oot quole ffam memsry).

B, Hermgrdez !

D¢ vou thiok 1bat pur gfenethe range of verkablliy 4 higher ln youyr ¢ollecdeoo
then are were]ly obtaned In & ger progeoy of seedllngs T

Dr. Tem:

1 wolld 2ay 'Yead It I5' BHuit what comeg gut of the Bddilion of more voekelleg
to ihe colbection Lg the kind of dlstdbubion whieh we get. We -aere Eormerly oeoned
L gt nprmal de i lon with 1he mesns yaan shllled, Mow, with the goeaice ~plection,
we bave § ralber alkered siuetiaon where io same choractere v g gellitg & lond of
a shewlng- Thep you rendly see somelbiop f JUTereoue.

Dr. Jelliffe -

I {rel soméwhet oul of ray wpters 32 1 am & Fediatrician, but ehildren Tive 0w
root crope anll [ Ihcught thet 1 coold commeod bricfty on Or. Yon's aicellent poper
In which be Intrgdoced 1be diwedsion which I ik T woewld ke 6 cmphesiae and
re-cophasise.  He mentliamed @ particulor sommienkty Iy Wow 2nlnes where they
Uweik altnost exeluslvely on sweet polaties atid be ytressed the fact that [hese pepple,
LthedT prolein lotake 8ol dndeed thelr snlake of A1 nutrients wUtuelly are dependenc
nn the guallly of awect polato. 1 would Just Nee 1o lnbodwes the e g, Lhat
in elatipn bo the prlme problemas o bhuman maloutriclan @hich exlsis im0 vaong
child ren, the ¢ame princlpls applles g3l aver the warld pr i g]f Aeveinping fid Ioxs
fortunate pais af ibe wasld, T would like o e-epreleddis lhe wrinclple which O
Van has Flressed.  When am= thinks ¢f the aclectlan af parfienlsr typea of [oml erops.
inelwting rool craps  ore <hooid beac I mind the faetl that ihey mey e the agle
fHITEE Of sl o (henuiclenls or pdibibe. and perilenbardy far childcen. Thenmfnese
when one romes P sxlecHng o perliculsr checacterimse, 1 would sugmest thel the
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tent, mod al'llewlrr ln conteot atid the Aomloo acid coonpesittea,
?rﬁ'éﬂlﬁmmmﬂﬁt e e Tarefront o pti Ehnuphls that pérhags et bevh
th= caaz jo the pasl
L. Mapoon !

Ds. Yon, cegardkeg eeme af the brecding procedures  Lhol o have listed re
vegeatlve mutents, which are cnntreondy disteibeeed B swesl porato, Wonld ywe thiok
1kol Wwe cab sdvohiageously Inetease deklr number through weplgstlon  rcthods o
powny rough rhe wer of chemical mutogeos ?

or. Yen:
The rale of chemieal muldais 1 avoelded bhecadde T hive bever Worked with them.
Bul aceely Lhir Ir & DodalblUir

Prof. Heriqnd ;

The penl ral=d by Dr. J0CUIEe degnbs ti b2 B Loportioatl thet I thiok ikat Lhe
meelng wipld ba vrerrepled o know something phogt the pnsgibbe ryrge of prolein
cpntenk io the collecton which Dr. Yen bas mode. Il i= probobly the Lecgest
coll=clich ever made o thee world, Ales, hes he any Informatich about the amilhu
acld compoeltion of the prolein,

Dy, Yau -

I am very aarcy Dor. Hatmd thet we have not dome any work |k 1hlo esllection
ol nurt an protedq, omlne scid, ar sy crude protela Ggure with edirogen or Rnpibh g
elcn.

. Martin

T wamld ke to aak twa guesilddps. The Brxt quesHamn I — Whese 4 vour oplae-
Illpr cucrently locarted, and F [edple ®ere Lokepeated (b gellllE eXamules, wherrs
colild 1hey et informatinn ahool verchilly aod gn oo? And whers fpuld theyp ged
fetal maigerials ?

. Yen

The Iocallen of i cokbleetion la ab present in Aurkland, Wew Zealamf. Tt b
ntalnfaknedl in o m plesy hraeee.  This s becaine of the difficwdty of stacing Bubews pRd
gehting 1hem ot all 0 =oime of Lhe varieee. We hive had to edopl lhls techoigoe
of vegetative mafmeenanee. The potoal obtalning of these Ly gqulte gimple. [ Ao not
think that weo have missed Gut An ¥ ob enyone =he wanks maledal. For example,
I you azk for Bome compatibllity grove we eoulet et glve [F 40 pod. Bk, 37 vrau asked
For ¢erpin Bypac of awenst potala W éould 4=td Hhiem atd this hes bern done nnw,
| thiok, For seven rears

b, Martim ;

The ather gomslon 1 Bave fefers i on unsnugl morphoeloghsal  Ffealure Llm Uoee
sweet polbln. Tm open pollinated or brecdiB@ 7ragenter, 2 new type o Wne actwbs
TL =1lmEa ke & Mornioag Glory. alef Of fource, Gt 1rait heas ool fouhd a bse b the
western world. But | wmnder |f, In your coltectlon of gwert potain, yon have rus
inle thie 30 dctde of odsed rarielles.

b Yan:

1 could dercribe 811 ¥inds of ewrlnsities 1p thia specles, whicly [ crllecied as
cultivars. AL Tar aa climbing 15 colloerilsd, we Bave & nohber whieh wsfl thmh whay
they grt older. I =ay when | geea older, mesning thel 11 msy jusl be a colheidence,
bt it mey be ttme of ®rowtb, or cespomse le celd l=mperature. Buot eectnly el
Lha Iptee sheges ot growlh we ger qulte p Taw vapletler chowing a bwlilbg chacacler.
However, we bBave pne from Erowadar which haa @ climblng propensity throwglheol
ftam the start e hawe tried IE on dtakes bul we still had w0 help 1t op. 'n omy
neld wark smang batlve peoplea | hewe strwek qulte g fea [mlividapl vinea which
¢1lmb righl op 8 fenee. B T da nnt kmow whis We LEled to wae ihds charariec e
thn rardatlon study. However. we w%re pnohle *o rda 1kl Becguse thate s 4 low
Irequancy of plants ibet showed defndte amlty o cUmb.
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A COMPUTER-AIDED MOBRTFHOLOGICAL CTASSIFICATION  QF
MAMIBOT ESCULENTA CRANTZ

R L —

David 7. Rogens
Caoforadn Stare  Uuiversity

The Following classification is baxed on the collections made By the author
in the more impunant growing arcas of Momifor eiwiente in the Weslern
Hemisphere. N is & classification of the cultivars, and dors not indicate 1he
eelationshin of 1he species 35 o whole oo othey smembers of the genos  Manifrae,
The classification does ot employ hechanum specimens made by ather collectars
becawee the typical colfections are pel adequate for alie purpases of differcntiacmn
o (he cwluvars of thiz species.

The classibcation is based on 231 popotatton samples, carcfully sclected .
frone ever 50K saanples mads by the awther. Thess 231 sarmples represent  (he
most complete of the collections, and conlsin amongsi them the major morpho-
Logscal varisdions to be found over the geographical range of Ihe species

Sampls were made m Jomics, Bath from private holdings and froan 1he
eatensive coblections of the Departmond of Acrcieolture’s expenmend stalion gt
Bodles, near OAd Harbor.  In Costa Kica, colleclions are frome privaic holdings
and [oamy the enlkectbon established by Tar. Jorge Leow & e [ater-American
Institute of Apccultural Scicnces. Tumialbe, Lo order to provide a check on 1he
stability of characters employed, these lwo aveas were sacpled ot beast fwice in
separate years.  (Mher collections were made al the Federdl Agroposmic Fxperis
meem Saticy f Brazil ad Belem, Para, the eollecetion of which wis oszembled
from the Amason Basin by Dr. Milon de Alboguergque; from the s131c cxpglis
racir statkon of Tambe znd Acaropina in e stale of Peeparmbeca, Towh stations
under the over-alk direction of Ur Joime Coelho; from the Federal Apraaomic
FExperiinen! Stann ag fcte 1agoas, state ofF hinas Gierack; ar 1he wlae exporiment
station of 520 Paule, in Campinas vnder the dirsction of Dr. Edgard Normanli;
gt weveral povaie esbons in Bolivia ond Pera, and along the Amazon River
near Manaos, Collections from neardy every major growing area in Ceoteal and
Souih Armericd hawe bees cxamined, and if possihle, specimens inclmled in this
study. It is felt thid most of (e Cypes f vamation eiisting o this comples has
boeen sampled.

The classification is based on marphelogical criteria alome,  While it is
regretiable thal bivchemica]l nd cwtelogical information are ool inclwded, this
frst sorvey of the specis o its various areas of discribution could ned, b e
af the practical peablems, include these sypes of  informavien.  Clearly, o
impariant 10 ioclude this type of data as owe knowledge of M, eaculerta eapands.
Le i hoped that this moephological clagsfication will By accepted for its intonded
purpose—a methed by which various moarpholagical (ypes withie the complex
cin he wtentified, and by which workers from winous places can relate the plames
of thwir culleclions to those of other arcas.

It will B poiad that no cofleclions frore othey inyportant cegions, af the
Eactern Hemisphere tropics heve Lioen ingluded.  Since (hiz plant i3 of Westemn
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Hemisphers orimns, i owas &1 avoee o mical tnostudy the pam in it native arcas
af dlsaebemcicey frst, angd 0o petheps later eapand the wotk to those amcas whers
the crop is an evident introduction (ef. Bogers, 1963, 196:3).

CHARACTERS EMPLOYED 1M TIHS STURY

Tabiex | and 2 illusrate the gnformatich wpony which this classification i
based. From an cxamination of these chamciers, it becomes evident why the
typical harbaripm specimen of the botanist is not satisfaceory for thic type  of
classifcetion. The samples [ made consictently imcleded materials which woold
make it pessible (o miake compard:ons of thess pacs of e plann ot spertant
o the cueltivator, the toofs, plos other nbvious pans of the stem and leaf. Mote
thul no anformanind is pathered for the Aowerdng parts of the plfant. This i dene
Because many culivars o oof oomally come e Gowsr by the time the plant s
hirvesredd, angd the informadon aboo the Mowers, while eritical te a chssefeatime
within (he penus Manifor, 15 naf critical o this classifization ameng the cultivors
glore.  Froom my eXaminatinom of the Aowering analeral of many cultivars, 1 do
not Feel that e murphological charwders of the Moser vory sienelcaney. T hus
been foupd by Moh {1966} in Costa Hice, that there s considerable varizhilny
i polfen viability, and thiz po doskd 99 an Impotaol feaware o e kept in mind
wher breeding considerations are made.

LUMPFLTERE FRULAAM

The methowds emeloyed to provide an obisctive clessification of Meeifoe
exrulenig are described in & zeria of papers (Wicth, « al 19685 Estabronk and
Bogrrs. | %66, etc.} and the progom itseM 5 availabls to anyome intenestzd in
nseng the methods. A more detailed dereriuion of the compuisr methods @il
be presented in the demonstration oa Tuesday aflemoon. Al this peoint, only 8
cursery description is given of the melhodelopy,

For cach sample, a recoeding 18 made of gach of the cheracters given  in
Tables T and T, All sgwnples are treated in the same way.  Froan these charactor
records. & measore Bf simifarity bommeen every sample jo computed by taking the
Fractivms of 1The clmireclers [ur which bolh samp'es pocsessed The <amp wtirbets.
Thus, rclations between all objects ave prrcbocegd,  in o measure of aver-all
simifarily. The meethod gved hice been desipneted by soroe workens oe the simple
matching coetheient.

The stmilarity table genersted i (his sep s psed as input o a procedums
Tor clusterivg the abjects.  The model used 35 (he matkematical base of 1his
partrcular clostering method i3 detived fram preph theory, A serics of "wub-
graphe'’  of the saoeple uncker Audy can be mades, each subpraph connecting
zumples with a certain value of similariry, aed partition: between the dilern
ergpacetedd Anlwgraphs, By lowering the simitaciey waloes, a preater number  of
samples ate joined by suberaphs and we sventually place atl objects inte o singhs
subraph e along the way. pick out growps of organizme which eatisly cerain
requirementd.  This piocedure i Dest illusicited by the folowing, ovee rinplified
dingrams ([igs. 1-57.

DESIGMATIIN OF THE GROUFS

. We leave chiasen not to erect a0y formel poshenclalore for the clugrers of
imerex) to ws. Sioce the purpose has been to show the “comstellations™ of



WOCERS: Gl assrFIcaTioN ofF AMaeifior erculenru 1 — 59

merphalomcal expeessions, and to give some means to dfferentiale amonggt  an
pssentially tericalue relatinnship, we have not felt that smy fornmliced nanes
coold be adequetely applied,  Therefors, we designots oup clusters as Ygroops,”
and nomber theh with Romiao mabess fop coovenience o discossian.  Ths
coovention ia Aexible,

Cae mivy diskover many Jeloresting inter-relaions By using the compuce
precram, nd mang more (han T have tione to indicate i this discussion. There
are #everal ways in which 1the regults of  the geaph theery abadel give  aseful
miormation 1o wldivion e the delirsiting of clusters or omoups, the methad
indicares how widely diversent one proup i fiom ansather—biw much merpho-
Iogical isalition ong growp has Brom another —and also which aamples of o
closter act ac linking sgenis to anather cluster o this dadter cuwse, (he mast
hkely hyheds beyween aroups are  indicoted—hat i, which samples i one
closter have (he most properies in common wilh samples in anether clhaster.
This pives the worker 2gmic idea of the nature of 1he veration tvpes aathin any
cluster, a wseful indication of be wishez 10 develop some breeding program.

But perheps the most usehd atpbuie of the computer program s the
fact thid many different jdeas aboul relationship may be tested.  TE one wishes 12
digcnver the influence oF 2 certuin new piece nf anfarmatien an an okd classif-
cithion, Lhe conmpater is sufRcicoely rapid thal the fest can b mak o 3 short
enoagh thoe to allow several tosts of idwis, Wy mwet ol assume under  any
circumstances that the computer “rell wou" what peo must do, eather it 35 ned
s o Wil tre aid owe idea-teslitg.

THD SROUP OfF M, BSCULENTA

The preph-clustening procedure for 231 camples of M. evcnlenty was
i:|1-1'r|'|_'|telr.|.| im 100 levels, avd alf .'E.Hlnp'lE'.t: Wb T 'plﬂcr.-l_! ingether i & single 2lusier
ar the similarity value of O 62530 In ezamination of the intempcdiate [evels,
we discover thit the pepulation was cszendially divided into clasters at cie S%h
level of cludedng, similatty value of 0. 81875 wilh twe major sers aof chirpeters,
The clasders we can Torm at 1his level are indizied in Feg. B chowing the primary
devisivn of M, escpleri inlo sobequal proups which we desgnate as “rourh™ amd
smooth” rogted, Mode chameter apmber thifteen- 1t can also be denionstrangd
that 1hew groops are differentisted as well ow the external wwd color and
external stem color—haze with “smocth™ sorfaced nxats are fighe 1an o pink,
wnd have silver-golored stems; those with “eough’™ roeots #7¢ boown to dark
brown or brosm-yellow, and howve boown, yeliow, or infrequendy silver=hriwn
stems, We feel that these characters are sofflziendy comstant b provide a majur
division within the species compled.  No peographic differzatiation sceampimes
this division, aod 1o che author™s Ewowdedge the plants with hese characion
ocestr it about the same proportions in all arcas sampled. Thes beine the case,
na subcpecific defimtion m 1he sense of wild-plant taxpnomy, is possible, for this
taxcd i osually designated as allopatre.  Ta the padi, T have propossd 1had tha
term comvariants™, uzed in oregukacly recommended nemanclauce For o ocoltvaned
plants be psed in desigoanon of these twa, but do nog Teel thay 1his is justified.

The smaller owmber of planks (o eulivaes]  belonps to the ETOU
davignated smonth Bl the same (ype of variaton in HCN conteny nomars an
plents of the smooth-rooted grosp as cecors in the Targer, Tough-roated, RrOu
of culiivars. I is 3l true that characters other than the HCM coolent of the



11— &0 ANOT CRPS SYRAPDATLTM

ool vary equally e both the smooth ond rowgh-roored grosps.  For these
reasons again, [ &0 ot fe2l jusifisd in making a fermal 1axonome catepury. We
ar¢ msre imepcited in the mocphological wanatioms, and ways o id=ncify 1them,
theo 8 classification for the suke of ome foatied botanical oemenslsture

FURTHLR GEMERAL SUBLIVIZHS

I will Tie poted] io Ui becakdnwn given in Fig. & that Tanh the roupgh and
armooth-rootad vareties are subdivided inte toee groups, sach with the mosmonic,
detcmptive terms, “liwear-loled™ or “abovete-lobed” pronpa. These moups remain
scparate until about & simikacity wirwe ol 4F, 73, which wowrld indicale that about 3
1w 4 clhargcer: ot of 15 differ becaeen dhem. When there is thos mch didferemse,
wre have more confdenee Lhar the E il s have sl 'l.':!li-d'rl}',_ amd wrs nsat based
on 3 eingle character dilference, ar, in clher word?, are nol Bawed oo puecly
cafjective judgiment, as would be the case wirthoot the campoler analysis.  Fhese
groups haye more intermal conmesiions among theowsclves than with the groups
outside i Fact that 15 best dononsteated on the conpuice prene-oud.

Bzluw this Tevel of sybdivision, and eathin exch of the sbove nemee
breakdowns (lincar-lobed o obovate-lobed] we reech the Powest salegories [hil
we wish to sicumscnbe for the purpates of chiomibication, Tach of these provps,
decipnated By Roman oumerals and Poorer case Ieiters, constitutes a oumber  of
cultvars. which for comcedience’ sake hove alio, ag fac the Tarper founs, been
geven 3 morphological, informil, epithet.  These divisions are sl capahle  of
Ering recoenized as growps, o their mlatiowships ameng themselves are more
complex than the larger divisions dee to theie retteulale nature. The Towesl
level of similavily that can ke demomsteated Eor thede is ndsoud O 80, Tn arher
words. 0y organizms chowing less than this amoont of similacity to the alher,
included, cganwvms, shoold he considered a1 a separate eomity, Thas might he
the case if we wers dealing Wirh »&parate species, but since these are cultivars
within & single complex speciss, W have nol B2l bowund to sontinus separations,
slthaugh 4 melansvely small nuniber of cylivart are rach [25s simalar then ihe
O.80 Apurs. It &= oot the purpose of our classihcation to split down a the
indevidual coliivar. Let gt be paid, bowewer, tha ele compuler methad aflows
cach aroani:m e be releted to all olher coltivers with sccuracy, as  will be
shivarm it the Tollowing discuwsdions.

By far the Targest sndser of  culiivars Tl i the cigery of mugh
raote, wilh brown, yellow or mddish broon stems.  Within this group, U
prﬂp-:_'.nl:re::l.nr.e are odbnvaresodhacl fFig. AY. Ther guh_graphing 1&:‘:|'|r|i|:'||:|E mdreakes
thet there are eleven subdivisions within the obovate-lobed, rouph-rurded aroup
I is 3 naiver of clurice whether we will gecepr stil] acher caregories al this level,
But wc fecl that i we folflow o set of rules 10 delimit them. that we must ooi
Uesiymate hape than this. My meaning on this point will be cxplained io somz
docan el

AHE SMOOTH -RCOTED, SILYER-STEMMEL GROLFS

Sinae the trme limicadon: oo (his paper do nol peomit 2 full exposiion of
the chimification of A, eseplera, we will onesnlcde our artentiun on the
srmaller af the large subdivisions, in order to demonstrate the rational foc ale
classilicition §Fig T1.
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As nided above, Ihe silverctemmed, smooth-rooted grocg can be dividad
the same way the rough-roded group ia divided, mamely:  lioear- or chovalcs
lebed.  Theic gie oo sharp of decp “moals”  within the closter of [ingarslabed
eullivars.  They e won paﬂii.‘:ulr-rr;r clos#ly related, intcroaliz, bug gludr relatico-
ships ¢learly diffzrentiate themo ircm the obovate group. The differepcas beiween
the closters of lincar-knbed and the nbovaie-nobed are notzd in the acecmpany.
g [ig. 7. The obovale-lobed, smoolb-rogted groop olwviowsly Iias the larger
nwnber of subdivision, a3 was the case in the rough-roped group,

We will feke e groups in vhe coder given.  First, the linear-lobed
smoih growp moy be chardcierized es follows: the roows are externally digh
brown, tan, ar lipht tan, and 8 few ace lght pink: the toor qorled ja white t2
arcain amd racely yellow, but there are oo pink pignents in the ¢ofex. The
leal=sciors wn fhe sien ate osually 2lighfly 4o modsrately mised, seldmp Jagge,
The lobes of the leov#s noe moderate to long, and meost Frequendy ape sinvate-
margined. The peticles ore wcoally green, bul may ke redepreen, or racely sed.
The liear-lchedd, sinoocth-rooted group (ends wewand Jittle or no braoching, with
few cultivirs Fully bmahed,

Figure % illusirates the inter-relationships emong the 17 cultivars includad
in the liggar-labed group.  The hoxes enclose cullivars relared abowve OORS
similacity, and neactst-refghbers are immedittely relaed within smaller boaxes.
The "coce™ of linears include those listed {rom 114 to 225 {numbers of collivars
ar: mey collestion owmbers).  Too flosely-related, but separate,  “sirinps™  ane
dllgcled to specimens owmnbered 303 and 300, Ouilying [ndivadeals are
connecled o the <enter <ore. Al gonnections indiciie (by 2 brackeied nomber
over the Lines) the similecly measird which jvin the specimend,  Arrows indicate
the sperimens wishin this cronp which ore closest 10 members oulsids the grou.
Intersstingly, both specinens {104 and 1317 jait 1o the swne gnoup o ihe
obovate-lobed closter, ond #1 1he 3ame sinfdaney valos, The zecondaey connec-
ficns betwen objects have not been indicaled on thit diageam, bat a very uscful
cinvmary of the 10 closest objects Is given by a part of the computer print-com
cillled the  “pedal Jiscanee array”  We have used the disgramning 1echrigue
of connecting coly closest neighbora because of the nawre of the bialogizal
relmionships with the species A, esculerrd, Wers we 10 odeale all the melation-
ships thal eoch specimen hes with oll others of Lhe complex, we would Joue
sipht of the majur abjeetive of & classification, namely, e plecing of 20 individoad
in o grouping which 1he sorker can vitualize.  Qrher groups of vgatitme lested
with ont goethod mdicaie that other applichtion techmiques with the compuser
point-cut are salueble. This ks, the nature of the vanalion o be Fowsd ja
differcnl penera and f{amilics, obvicusly, & oot identical widh (lat found o chis
spocies, thin gepos, or pethags i (s faaily.  Por example, enmpaer studies of
a teclion bt genus Canda dene in collaborion wirh Dr. Howird Legin of the
Nowr York Batanlcal Garden indicats that the most important part of cthe priot-
otll wes that dealitg wuh the internal conoections within the <lusters. Lo Caisia,
the cormectcdoess within 2 closter wag 2 meesure of 1he  “gondpess™  of  the
spocies,  Cortainly the smount of connectedicss within the sprcies M. aiculena
1 o measuce of, wer indicator of, the goedress of this or thar cluster.

Lonking back wt Fig. 7. we zee the struetere for the larger group of
smonth-rocded cultivars, Ters desipnated 1§, obovare-leaves.  This desigratinn
actually refers 1o 1he Jobes of the simpls k=al, aod all characters—lenoth. widede,
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margm, £, —ate of the central lobe.  Group 1l has five subdivisions, wherest
the equivabent genup (1% in the rougletooted catepory was divided nn eleven.
Obwiously, there i no real equivaléncy o teas subdivisions of abrgvate-lolwed
gmups between cough-aad smooth-rovted cultivark.

The rume rules spply—as with the cluster of lincar-lobed cul tves—all
conncehions berweon pairs shown poglwws 080, As wilh ocher groups, this
does not andicans Miat all specimens inchnled w3 chester share he same oc bigher
sintilarily values. Raiher, ma indicated carlier, most of the cedaioonships found m
theses clusters are clinal, with the ends of U clives haviog Lwle in commen. Bul
the clogtees arc oot pacticulacly wel] described ag clinal, since the aplications of
a cling are frequently some goopraphic distrbreon, and we canool B5gign any of
cur larger groupitg: o be specified gevpraphy. Fart of the saplanation i che
facy that many of my specimend were aade from expenosot stotico collections,
from Jdrwoase sreas, and did nol necessanly represcal any one locab area, 57 the
point where 1 ¢ollecicd it

Figurea 9 theough 12 represent 1he four goounings of chavate-lobed, saooolhs
rooied] plants. We huve giveo sach of these a mecpholugical nime [or the most
obvizus common tral.  Ua, upbrenched, (Fig. ¥} has a specimen (Mo, 120}
lrim which most oF 1he vamlving sre derived. 1o thas case, 120 aets an o
articulacor, holding together a weop of snmller clustens which sould olberwise
N conne,

Figure 10 dhestrotes than the growp 1T ean be subdecided.  Tnothis caee,
we have indicoted the points of the other clusters t0 which 1his closter joins.

Bicy jmlicpged Ilhi arc the points where cluster I, dhe lincar-lohed growpe

jering, aud ehe similarity valwes at which they jomn.

Groop 1le (Fig B1) contames the licgest, and pechaps the most comman
ser of moarphalogical condilions te be found amongst the smooth-roored groop,
Il ane were waocking in g "rypological™ mannct, ong woull seled group Jic as
lhe tyvpe for 1he smooth-rooed chesters. Howesyt, we ape aware of the bazards
of such a desienation, and ovnly paint out 1hat more specimens fall o this catepon,
tha in ey of the athers.

The last of e smooth-romed group, 7Td, (Figo 12 onemns pea spec-
mens 22X angd A0, whose chacagicocombinations inlicate ang of e major
difficultiys with astigment of a  muerphodogical neme o desigoate the group.
These toro specimens are cleacly 7-lobed, bat aceording to all ocher characters,
shuuld b associated with group Hd. Whils the assignment i good, accerding
to the over-all simibiciny engasyee, 1he paming of the group & poor. But 1o give
another marphalogical epithet 10 the gnmp windd requice & pelvnomial Sesigna-
tin. This is as wnsztisfzotony as the nome we chose, and much more cumber-
HIME.

This geoup also dllusicaies the paiol moade earclier, chat e sinnlacicy
measeey van shrop below 0080 andd sl oclude specicnens adequoately assignalile
te 1he group [he g sl‘:lﬂrim-Erls arg 320, ]:I:'I.il'E"-I_I willy 365 a0 1 A0 5:I|'rll|.i|l'i|:|'|
cnd 316, paired with 119 i similanty of 0,67,
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SUMBIARY

We have summarized the varmition in Adenifa: escafensg, and discoweret
a satisfactory methinl Tor dividing the coltivaes ogo relied consiellitions.  The
relidionships amnogst the cultivars iz reticulete, bul by employing the fraph
leery madel, 92 have been able 10 discover the major calepones, and fownd
that Lhe mecomnizable groops are  "ariogs” o ¢hoal relavionships,  There will
probably be snme variations to e groups wi have csteblished, partiewlatly wdg
now biochemical joformation % Trewegd, Dol wethoor the additiem of  fucther
infarteisn, we e cortain that an invcsticatnr cao reliably relate his anaterials
(or the cateporics we have provicksd,

The clecsification i based on the collestions made by 1he author, and
no other hartbarnn macerial bhas Been emplorcd b screcowre the elassification .
The specimens used in dhis classification will be Boused 0 the hecbarium of the
Lipited Zres Muianal pAsheeciom, cepiral localily from which ofler interesded
warkers may bomow these materials
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Tahie |
Maribuy ereulenrg characrers — lanuary, 1967

STEM CHARACTERS, Nus, L, 2, 14, 15

K . Colar f St K:. Length of Median Labe

1. Sitver N5 I. Lewss iham 14 om

¥, Silwer-brown K= 1 2. 1417 em

. 0 J. Creater than 17 cmo

4.1

5. Erwp K " Wid: of Modizn Lobe (widest poien)

&.  Teliow

L. ™arrmw (1.5 cie—2 4 em}

I'CZ2 Branchig of Plant T Mediom (2 & vm—d. & cmi}

1. Baoad (50—

. ranch ar o . .
! E;;;.zl;lémll ar tp or oo H".I Simeagity of Lobes of Linear Legees
2. Ong or tan kranches lid odat 1
branch if et top [. Fanduraie
2. Svme zimeasaly
}. Bimple (not sinuous}
4. Logeeal {obovare )

1. More than 2 Brancheos
[FAF CHARACTERS, Mos 1.I0

K, Leaf Lobe Shape K o Swwosity of Lohes of Obovate Fesves
i. Ohovate Fl‘arlv;!uri_itn .
2 Linear Some stnuasity

i.
T,
3. Simple {not sinUopzy

K, Nonber of Lobes of Leaf Logical {lintar)

1. 3 ar 4 tobes K, Color of ¥Young Foliage
2. 3,4 or 5 lpbes .

3. 5 aré lobes ; : g:l:!dr:!h-b[un

4. 4 5 or 6 lohes 3 o uizh-green

5. 7018 lukgs . ITEED

&, Wor 10 [obes
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Tabls £,
K:I[r Paticle Color K . Surface of Root
1. Red | . Zrnooth
2. Groonered 2. Rough
3. Red-presn
4. Gircen EPEM CfIARACTERS, Nos. 1, 7,14, L5
] . a3 I-’.H Walome of Sears on Blem
oy i | .  Smoath
1 2. Slightly Taised Nz g
T I, Muderately mised KE=1
5 1l 4. Very large
HG aL m5 1 E15 storzy Length
¥ I, 4—HK cm
2 23 z3 1 2. 9—20em
7. A1 —2E cm

MO CHARACTERS, MNos. 11, 12, 13
I{” Eatecnal Calin ol Rool

L. TLight brown-vellow

2. Broewn, duck brown, reddick
hrovan

3.  Light brown, 1an. light tan

4. Pwkizh Tenewere, pankizle tao

%. Finkish white, light pink, pink

KJE Cortex (reofd color

1. White to orcem

. Whirte 1 cream with pink

3. Cream-yellow b yellow

¢, Cream-veHow o yeflow wilh
pink

1 Z 23 &

73| 1l
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Fig. 6 Manihot esculenta, Crantz
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Fig 7 SMOOTH-ROOTED
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Fig. 8 Manihot escuienta
GroupI, Llingar-lobed foliage
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Fig. 10 Group Il b, T Lobad, few-branched
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Fig. 11 Group Xc, ¥ Lobed obovate, many-bronched
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LASCURSION 3

., Mapooe

In my opiofen, Dr. Rogerm has done an sxeellent job In peot=nting = clemedfle sl b
bared un geod soolpheloglcel crflerla and I wio rwre this macphaloglcs] clasdflenlisge
Wil ha [aund osafol Foe 1t intended purpnre — & methed by which dsffrront moo
pholagleal types within the cwpples van b= idenllfed, snd By which Lloveatigators
can relate the planty of (hedr collecElona o Ehide of olher oreas  Howasewp, ar wou
harg nghtly podntad cut, that thisn s a breod framewsrk, lolo wldch wlber akg of
a more experineenwal neiere, for axatiple, eyldence from ohec rognete Helds suph
& genctle, opbngenote snd immanochemlstry ate . whidh can rosalt 3 & meee npdw el
rlaanteaton besed on ancesiral eelazlomships, wlll hove e be Aited  In obliec wnrg,
a ecombined Audy of morphologiasl, cvtotagles). genétdcal and olher aspecis. wilh .
view tn develop & comprehenslys closclilrailen based on sevenal critetla, is an ucgomg
necemity and sitdiex Afelg ihese Timesz Baye alPowds been Inlileged In rhla Crup aL
b Insfitute wr may be geen foomo the dota prosenled [0 Hhis gegerd In oy puper,
In Farl, the potentlal impoertende of pachylene ahelyais aod its wide ppplicstion Lo
severnl lakanamle. eyviogenetle pnd evrloilonery problems bos been well realised ]
Bave alan Arseribed wb lenglbh in my paper the varlous sdvpniraea ol studylng Lhe
marphalody o pachyfebe chroilogainEs & the Vallods cafzava Eypes and forihet, {lee
appridh adoerled By Ua N ﬂ-iB-EH}'lI'IE The vArigus Mviridd. baesd 0 e dela oblalneg
epprelally an the malure of chromosome poirdog at mid pachytene rtagn ms wall une
fertillly «ara, 13 Indeed zernalivse eposgh 1o detecl situctural diffecenllolon ard
Imelplent expdlnHom $n the rzsmava malerlal onder Mudy snd It wankd, Lhenafape, e
wiplfub, I such an approaclh, coufrled witle the apptoacl desecibed by you besead ap
mnrphologbeal cfiternA. 19 ppplicd to Ihe sAst amaanl of geTm plesim meteHal at
precen] avaliabl; io the penos before tutnplng up the different taxo or ccarcangemend
af the vacitws 1axe INte 2WpTe RTpPUDPS or sl zrowps ebf, This Wil have in be
fucther supported hy genchloe]l data. wherever pos=ible. An yau ke, [ram 1A
{axanombe polnt af viedw, 11 1s probably of [HIEe sl LG nce -wkelher "gpe=viea’ distiocs
ilans =t adiribuled 16 muoltdple gena suhstintlan ar 4n erapile o Foasll aeracearal
differences, bol from an =copomic sléad pelal 17 L+ o issue of prlme imprriance.
Tpan 1t depends the degres Lo which o planl brerder cAn hope Fo transfer g choracier
ol potanllal et Laneg frrm pne apecier to onather. T species’ Elferenceg are
|'|'|E_1|1'|:.' e o0 multiple 2= atbelltalion. the FIT'IJhlﬂlTI 19 ehlefly 4 natter f growing
large enaough progenicn tn sccure the regulred comblnosion, wherees, Lhe swcecaa
w|th whirhh & plaot Bree~der cam tTanBGEr patentially walirablg cha~acterd from e
aprcica to anolh=r, =I11 he inversely proportional to the freaoeney of small ctroemimapl
d:erences AammmEst his breedlile mealerfal. Such an evsluailun ls of Dorainuunl
imporisoee siote L would eliprnete the lose af enérgy Ang time on the porg of the
brecder in lgnchimg & hybrdisetion programme allgcrbcloate=Ly.

Or, Coesriey !

I nm exirepaly iniereaben 1o hear of M leclhinlose. whieh T whderdtand is helng
applled o tar aoly la 1he smerlesn forms of rRraave. Ty seere (it this techoique
wnyild b ||;||;|'|-}|eq-|_ wirh vary gresl ralue, Lo stodr the spread nf cassava in the Did
Warld. Thiad hes heeo an =dbbrmaly inleteciing ethna-boterdeal probkam  involved
arg. Ta quaote one £Xemple Althaugh passava has bee=n In trapiesl Afnca 101 ihTee
or four hibmfred yemcet. there st many pkep2, o7 should 1 say, eome placas, where
i would pectecty well be culllvated gond bk now belng culbvateg o fard, Dl wlere
it hos onlr arrivad dm Tving memeorr. W oseems b M= 1Rat [Tels techiigque coaweld b
pomtined with histanmcal Javetilgnilona, to f4TIO AR ‘¢?¢|'-Tl:‘-I'I'IE=|!|' tniereshing seudy.

O, Rogers!

Mav I meke one commenl om a0 siglement ¥ 0 7Ry did nob went b0 say Lhat
my mctbrdalos: shewad any kbind of relotionship geogratdhleslly. but elearly it daree,
] mean it k2 Jast @0 the poinl where T am not pesdy 10 make spy speciie slelebwent
abange 1t. For axsmple. in ambe af the fact 1hat Tamaican culllvatrs have bren importagd
from otk peTis o the Wertern Hesilsphoers, they allek dogether s relalionsiips,
not anby with the West Indlan calnsaes, bt alse wilh {hose oloog the northeen ker
of South Ameres, from whleh they were largely collacted.  The moarplelagical
gvldemce supports thly, The ores 1het 1 hews collected frem Tolivle, for cxample,
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have more ln coinman &mongs] themerlvea. srd slek tnrether Batler thalk Uw?e ftom
ih= Baarett #/de of Erpzil, The Rrazflan foltivocp geoms tn kong  togecther. e
peniral Amerrs ores hove & lendeney o hald tofetli=r. 1o ather wxinds, we hawva
a very powerlu? 1ocl 10 onr methodelogy. =hich pelnig 10 1hes soloreating morls oF
relpicnshipe. ¥aat they mcan, and how they ao¢ kolng b be Lnterprebed 15 wel for
us Po odewide, ut LBey AR b line with whar Wimi AT BEXFITE. We ool b=gd Bow ta
hawe Inp. duta Lrom &bl over.

Dr, Dok !

W have dttsmoprsl on A mlerAte soske o clhasly owr Cdbrated varketles Io
Shana. and a4+ found an iofercsting chardcter. that is, ibe beighd ot which tha plang
hranchexs. The primary branciing bl &= eliher at ome tbled of e Ptz Delghe,
half may, twe thieds ar 2t tha apex. Ara yaur vadellec concdateot 1o thly charaeiar *

Dr_ Rogwrs :

The hratiching of the plant 5 elearly co-ordinared with the fowerdny of He=
Tlatt. 11 othar words when §t branches 1t bar Sowered, a0 you ¢Ro sy chat you
hswa som= waldiy oo ihe charBelear Fao brenchlog, *here vol Ly lo oeke thic
covrelation. Howewyr, we dimeavered thot there s 8 wery large nomber of cerstlons
in brenchlog patlern. H la mal betedearily AdYeOtRge0s 10 Bhe proceis ol Clesalficas
tlon, 1o dlvide aherartnrg for ‘braoching inkne all of the stafep which ore hiokegies !y
Inler=aHug Al cne He we had o= mendy g 19 HIFeranl 2jobes 1 the oharecler of
brenehing ralating 1t o the dme of ffowerdnd When we peéted them nn the compgicr
1 completely smeclh curve wes obtalnad
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[NTREA AND TNTERSPFECIFIC CROSSES IN THE GENUS MANIHOT
— by —

G. G. Bodhuis
Crafvarsiry of Wageniigen

Ag long as selection in cassave is limied to the testiog of culvivars, seed
production 15 nvt A facior of impartance. It becomes, however, very importaot
when |a the caie of breeding purposes, latge populations of seedlings are neCessery
either [porg fiec-pollinaied plants or from ertiticially cross-pollinat=d plants.  In
the latter case, especially, i is desirable than from hand opersted pollinations are
abdzaned as much il and Grom each frwil as moch seeds a3 possibls.

Eoch (1934] in hiz thesiz does ol pav mach atlerdion te this problem and
gives only g few fipores. He mentions thal i 1933 frvm 22, W0 cross paflinations
a total of 1500 Friilg weree ohcained spmifying 7 swccess of 799, On the behaviour
of the varous wulftivars vaed as parent clones noleng s mentionsd, Moo data
are given by hioe on the crosacs belween Menihof afilissimg and M. plesiovi, bl
here 1he number of pollinatinns 1 s spaall Heal eXpressun in percentages may leed
10 erranraus conclusions.  The same objeclions muost be mede in reladon to Gguerea
riven by Michels (19473 He nates that from hit crosses  belween diffecent
cultivars, the pereeodages of success fluctuals bhetween O and 56, with averupes of
13 & and Td. & which have rclation o nespectiveiy 27 anc 32 crogRes in the B
and Fy  gencrations. Nohing ks said. however, sbaur the behaviour of (he differen
paceni clanes. He concludes that a low percentape of suceess is a stiking fealure
withio the species. In thoss eases where he poy po swegess at oll he assumea thet
inmpatibality may cxist.

Iy his interspecific ©rosses he generally finda low sucecas and snmetimes
no success at all. Wilh species hybrds he s sometimes Faced with selfstecilety.
Back crossiog with ceasava-parent genecally gave much better results

MATERIAL AND ™ETHONG

In the deseripion of his crosging techneque Michols 1947 mentons tha
bath male snd female Aewers gre cvcluseyd 0 polin baps before and afier pollina-
tion. Kach {1%34] however, reportz that pollination it effechated by copping the
Fermate Aawer wirh & mabe ore.  The Fitrer one *JT“P‘E after one or o davs whan
the fernale fiower & no more reeeptive.  Enclosing in muostin bags after pollination
is thug superfiuoua.

Dnder the condiviom: of the tropical lowland clmnate m Java, several
ctltivars dicdd nid flower 20 all or only very late. Fhwes bome st tall plangs
preocssitate working on ledders which leads to a2 decrease in mumler of Qowers
bring pollinated per dav.  Koch {1934) foond thed by plamine his cultivars ag an
dlitudke ol a0 Deast 300 foet abnve sea level, nearly Al coltivars produced Bimvers
at an carlier age and at such @ height that pollination covld be ¢ffecled much more
;:5&13.'- In thiz way too pative asisiants coold perform 2500 pollinetiops in two

11,
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FESILTY
For the sake of clearness, cur mesalts ace classified in threr growopa viz:

Crocses within the specten Adamihar arelitpinme

Crosses Fetween M. weilisvmn and M. yplezeovit

Crocces, botusen M. wtiletioe and B, susicolr,
a. The neubls of different cvoases within M. wiflissmag aver fove vears wath per-
centages of soccess, muembes of sesls harvested and number of seeds per fro

are given in ‘Table I Crosees with less than 200 podlnabons jre excluded from
this coun pilation.

Toble f. Resulis of pollinatioss betwégn varkaes cultivars of Manikar IR L

¥ear muomber of namber of g nuarnber of mean nambor of
pellinarions Eruits SUCOEES sreds Barvesied seeds pec frudl

1937 2344 154 15 — -_

Lt LT6ES 17 I J5E8 2.1

1940 [4ie% 2E23 4.4 3672 1.3

1941 13959 2495 17.E 4507 1.7

The compled results in Table T give ne idea on the diferences in Suoce:ss
with respect do the different comlunatinns of parerds, and the mean nomber of
sepds per Truil. These, however, wets Fairlv lecpe. In Table 11 the extreme valies
are given for the diferent yean,

Teble M. Extrame velpes of percemiagee af frevder o differont wears,

M SUCICES medn nuither of weeds per fruit
viar highast loweest Iighest Inweck
1933 17 .- i.- e —
3% 20— g3 2.6 L.1
rodn 259 | .- P8 0.4
1941 £ [.= 2.6 1.6

From the detarled reauls poo conssing which cannol be given here on
account i spage, i was clear. owewer, that coosses wifls a higher success than
D wrmre c:r_.l:l.' 1a be foand oF ane of bath 1&ren by hE]-:’EIHg::d ko & group of four
culivars e E357, Boger, 5(5:] Pledro) P{reto) and Mangi. The g two are
hybrids selected at Bufentorg, wheicas 3. P T and Mangi are imports from
Brazil, Afost ol the crosses were made eopoocally with, on the averame, the
same degree of swroecs. Whth the coltivar Mong, however | most Anoeers droposg
tluring Aowering, aiich bocomes obviows in the crosses where Mangn was wsed a5
the femele parent. In 1939 the ¢oe: 5. P . x Muengt gave 1395 success, 11w
piprieeal gross however nnly 1%, Thas pheromencn aben gecorred i reciprocul
eroases when using 4 hvbnid E 17 which hod Mangi for onc of the porenes. Yery
bad resubls were obtabined with cultivar Singapare which way 0ied oo Temale pareni
in 1948 and 1940 |n ¢ombinatin with <ix differsol male panners the soocoemwy dicd
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pot cxeeed 195 with Ave of them, with F 357, O succgss was 22 5%, with oaly
0.4 seed per fruit.

b. Crosses betwesn M. utilicrima and 8, gloziged. Unde: this heading come iz
crises between F o hybrids and hackoresses of F) hybrids with (he fassave parent.

‘Fable T, Reguits of reciprocat cmsses benween M. ailindma and M. glaziavi,

Crose numiber of number of T SIICCETE number of
pollinatinns fricits seeds hurrested

M. util. x Mplag 730 42 6.— 50

M. glar, & Mounl 453 a - —

I (ke (@fsava parent used ofieges myvolving F 357 culivar always gave
goedd results. From Table 1L ivas clear thet only some suceess could be olitzaioed

when the cassava Was vsed as the feméle paren,

‘The hyhnds grovm from seeds harvested wees gaven H nomhern. When
interemicsed, these H-hybrids gensrally gave very uncatisfactory resulis.  Out of
10 combinations tvalng 1005 pollinadons only 14 seeds were obidined, 1en
from which wore the tesult of o single enmbmanon.  Backerossing  of ihe
spocics hybrids with the cassava pafent (F 337] gave much beller msults.

The cesulis of these backcmosses are compiled io Teble IV,

Toeie (. Resaly o hackerosses af §° rpecdes fypbeids with Lhe cavagea parent.
1

year Cross numbec of nomb<r of o retaeher of  mean tiem ber
rllinackans [ruic LUCLELE sk of seods por

hitcwested fruir
1048 F 357 x 11 500 I3 135 EN 145 1.3
H 5% ¢« F 357 1050 BT 1.}  — o
F3%TxIl &5r2 1105 T L.1 e —_
H32 2 F 157 Fad | 1E2 I & 407 2.2
dad] I 3RT a b 5D L2&0 49 i 54 1.2
Hzz/9 e« F 157 Bzl 147 l11.- 24 1.7
H 573 5 I O3ET I — — — —
HS5/3xF 3z KL o —_ _ _—
b7 LA o B 1 104D 162 4. - 3715 T3
Limcapar: 2 H 559 Gk 2 — 5 2.3

Feom the deta in Tebbke 'V it it clear thar 2 reazonahle amwienn o succecss
can only be capectad when cassava is used as the Femake parent.  The majgriy of
the specits hybrdd produced wery few Aowers and only two of the nine hybrids
pvailable could be uzed with some success. Cullivar Singapore apain proved 1o bo
a bed parent.

Plants groem from e seeds of thess beckorosses wrere a very variable Tor
{eorm whech whimately oaly [our pemained as promisg. From these four, 17
proved 10 be the best poe. Combrinwtons of the F2 hybridks yielded srwch belie
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resubts thao thoss of the F] hybnds. Whereas in 1he cate of the F 4 hvboide 1003

pollinaiions produced 16 seeds, fouwr combinations of the F . hylinids <upeceded ip
113 frunes with 155 seeds ot of 2398 poliinannns,
Backcroszing of these F o hybrids with 2 cassava parent also pave generdlly

euch better results thao those of the Fq bybrids. The cesuba of a pumber of
backcrosses are compiled in Table V.

Table V. Resiilts of kackcorosses of F.E speciey fvdrids wirh oideren casmavi

PEFETIE,
CrGs namber of  number of T of number of meaty nwmbes o8
pallinations Eruiis sugcess secds harvesied samls per froit
¥ a I 337 O 1k de 5. - 27 0.6
F isd =« 7 1740 170 1. 5 el 12
17 = 26% 154 a4 2.5 15 N5
69 5 17 1124 16 1.4 3 G.2
PP x LT F R 257 22— 562 a2
Lingapore % 17 12(H) 14} 1, - 2 0.2
I7T % Kognr A{HY 51 .5 7 .5

I'tom these egaults il it clear again that 1he best success may he cxpeered
when casgava iz uzed as the femalz parent, In cooirast to the crosges with F

hybrds, oo sembination appeared to be an cntice Failure.

o, Crosses beloeen AL wriiiniems and M. savicola.  Under dhis hesding are back-
vrgsses wilh tha By hybrids ard crosses of M. soxicola with an F o, hybrid (170 of
B @MCiavis — casseva s, A deseqpann af M sagice's. has Seon gwven by
Bolhuis {1%953]. Sceds were obtained from Sweinam yiclding o noolser cof wery

vniform plants which at Builenzorg llowered proafusely, Crosting was afected with
the ciassivea colidvar Masanracy a beasilian g, which foweesd simoliaocgs|y.

Tl ersults of thess cTosses are shown in Tabke V1.

Tubkle T¥F.  Rernirs of crogres betweon M. wrilisnsa and M. soexieolo.

o TKSS Iumber of number of % ai numbel of number of seeds

pollioations fruis  soccess sordy pex druit
hi. %ax. » Fas. 335 125 36,7 i’ LI
TRas. x M. 5ax 96 47 49 - an 17

Parlicularly sirikmg is tle high percetiaze ol sogecss which 15 far an
excess ul Lhe penntages found an crosses within the species A seritisvema, Tt
makes it cvoa questicnable as tov whotlber M, sacoelr @5 svlicienily diffsrent
freom M. weliszima o colsider iU ag o separale species, since hath crosases hove
tuch @ hieh pepcentage of sueoess.  There 15, howewer, 2 eunsiderable differznce



BOLHLNE & CROASER 1M I HE GEMUS Mardiar L— &5

in the number of seeds per fooit,  The hybrids resulting from t™Hese crozess were
yaglgchriss%g“wjm cultsver F 337 a5 cassava pareol. The resulis are being compiled
Al ] -

Fakie VIf. Rewuls of backerostes of sax. — util. Byvhrids witk o carrova paress.
npenbet of nombherof % of nemberof ournben oof

CLOES  COroeL pallinadans  [ruits  suceess Ll seeds per
(M. sax. 2 Bas) x F357 2950 Ldtih 49 107 0.7
(D 2 M. sax} 5 F3AT 24400 275 11.5 k]! Q.49

In these backomomess it matters whether M. szx, or the culiipgr Marfaras is
ved &k the female paren in s Orse eepss. The vield m ceeds per Fouit is low-
evar low in both combmations.

Save for theéte crossee M. eavicols wae Alao crossad reciprocally with 17.
The reanlts are shown jn Table VITL

Table FI. Bemltr of reciprocal erosses berween M, sazicola and an F, hybrid
oF M. wtil, and M. plasiovil. 3

CTi3an number of number of T of nwumber of nember of seeds
pollwations fruits  juocess Fed per fruit

IT x M. sax 633 4 5.5 10 0.25

M oz oz 17 527 55 10 .d 15 .3

It eppears that 1he meking of a vaple species bybnd is quits feasible, The
data of 1the peciprocal crosses do not differ very much and the very low ourber
of reeds per fruit in both combitetions s memarkabhe.

NrRCTRRICN,

When breading cagsava by meard of eross pallinatiom the plant breeder
geperally wants ss large & nomber of plants as pooscible 10 be ahle toogeboct
cxoremes.  Heing oo vepstanively propagaied crop  plant, the casseve s very
hriernzygous and hoierogerous,  In this respect, o i impoctant b kiow whether
a reascnabbd mmount of seeds on b expeciad from comirolbed crofses,  Froom
the o givem g Tabde 1T and from expericnces with several cultivars, it i clear
that m Java Ok anvouent of stcgess can only De expedtsd when a relatively smali
numbxtr of cplavars Ts used as parent clones.  Ciher caltvars geoeradly yielded
very poor or no redults o all. With the nght ¢ombinalions of parents, a peroent-
age of soecess can be expected of at Téast 25%. From Table 11 it can be seen
that in the conseoutlve yeact Che perceolage of success can b {ncreased by  the
right choics of parenes.  Larpe differenees are 1o be expected o the oumber of
sceds per fruit, which, hosvever, may ke influenced in & Yarge measure by the
weather in the openmg peried.  OF all the combinatons of cultivaes, aoly fwoe
had mo success an alh, MNichols {1947y, hewcver, Towpd many sierile cormbinatans.
He attributes 1his b jncompatibility, bur according to our date, this haa sl o be
proved. In one yeer, the combination Singapare x Bogar gave oo suces at all,
in Amwrdher vear, this combinaton yielded wvery poor results. Michok conclosions
are chviously besed on & toa low number of pollinations.

Large Jifference; ocoar also in e number of seeds per froie.  This may
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o cauced by wplavowrable weather ¢onditions 2= was the case in 1940 (scc
Table 1} wheo a lot of szed fuiled to dewtlop in the fmuis. At bereest, only
gound  poemally  developed seedsa wers coonted. With cemtmin eroszes, the
average number of sceds per frwil, howeyer, 15 =0 low thal clher cause: may be
token into comsiderplion- Both Koch (1934) and Nichols (1947) asswner thar
this may be capsed partly by parthenocarpy; oflological and morphotogical Te-
search may kad o & befler incight in this matter,

Lo the Ivary Coast, Meige {1954} found in the cuftivar collection of the
DRSTOM, diffcrent types of sterility, male steclity, female stecility and 4013l
serdtity.  Fis ¢yiological research was, however, reatiicted te only ope cxmoplhe
of make sterlity whersio he found that meiosis was oommal, sud that the pallzn
grain: depeperaied before maturing. Ta the case of total swrilicy he menlions
that panthenccarpy mey be preseut or nol. Croses of partly sterdle cullivars with
fertile wmes, bowsver, wera pot allempiod

Mhraoham [1957} mede & Jarge number of cassava crosses Dol he doca
not mention any peccentagrs of secesess ar monber of szeds pet font Cours  andd
Eridz 1943k mmention thar 1hece i3 no wollen formation #t gll in cerlain of their
cassova hybrids; the male Aowsrs being <terd. This Bl s, howewor, nelither
menticeed by 2ov other aothor nor berne out by the eesulls of Ehe croeses ot
Buitenzorg whers also cassava hybrids were wsed as the male parent.

The cesalts of crosces with M. ploziovdf (Ceary robberh are dn acoondimpe
with the data given by hobh Koch (1934} and MWichols {1947y, Kock {1934)
mentions 8 fair amount of Freil-senting in free pollinaied F] hybrids, but afler
some weeks mast of the developed (ouits dropped ofl.  fowghine s 5T (1055
repact verv low szed set with plaz. — cacsava hybaics when sclfed and alsa when
backerosied with the casegvs parenis,  Much betier sced preduction, hosceer,
s nolesd when Vhey were intercrossed. These datay are aod in sceordanee wilth
e Bndingy &t Bultciizoeg.

From our expericnees ol Butepgorg W can be concluded 1hat rhe first
hackeenss hybrids can be uscful for practical growing.

Abtiabain {1957) made thousands of poflinaicms with Czama rubber as
femirle paremt wathout any soceess. With cossava as the fomale pament, however,
he got |9 soocess. This is entice?y in accordence with ouor findmgs.

Compangon of the rezults of orosses with M, muricele ot Buitenzore, with
those af Michels (1947} in Tanzania |+ nae postible due to the greal sensitivipy
of this specics i caasava mogaic. He made only & Fewr crosees ang lafi hie 17
hybrids ta pollinate fmesly anong them selves. !

Jeomings (1959} crossed cassava wlh Moniliot melssabase and found
the hybrid to be very feile bud the meon number of aeeds cecnversd pec frait
wee tarther Iow, Crosees of hiz Fy hybelds wath M, plezfovel gave heriep mesulis,

Accotding o Koch (1934} crosses oF cassava with A gichodiormg wers encirely
wnsuereesful. Michols- (19473, however, teoords suceess in both ways, bat hic
F hybrid: proved 1o be eotirely sterile.
1
CONCLTISHINS,

1. Crosses of cassave cullivars show lergely diferent mesolte. At Fnites s
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only a few cultivars proved to pive [aidy good reubts when used as parents
in hyhridisation work  "When based on the right cullivars a percentase of
success of at Jeast 20% mey be cxpected

Some cultivars proved to be very bad pareate, in erossea hardly any or no
searls wepd harvesied.  In bow for this is due to Incomparibility has yet to be
prerved.

Cagsavz can be crossed with saveral other epecies of Manihot. The poreent.
ape of swcoessful pollioftions, hovever, {5 penerally very w,  AModerars
good suceess of Wiese iolerspecific hybridisarions is ooly ta be expoacd  of
caiaava is used as the femule parent,

F lybrid: between cataava and M, glarfori show a bizh @ie of awesility
[

when intercoossed. Backsrossing of e hybods with the cossave parent gave
fcly good rgulty provided 8 gord casgave cyltivar 39 wsed which gve also
5UCCEES I0 CASSAVE CTCESER

Crosses of cassava with M, sacfeols gave & high percendape of succesziul
pollingdions which makes it doutifu] shether M. faxieals showld he con-
sidered s m separate specikes,  Backernssing oF the hybnds with & cascava
paren pave exceplonally good resulls when in the origine]l inlerspecific
cross M. macioolr s used as the female parsod

[t iz proved by two authors thet hybrids cootwring the “blood™ of three
cpecies <an be abtelned.

In the majooty of crastes the moan aumber of _Hn-r.ds por fruit was mther
cteall. Fuerthep investigation as o the aaure of this phenamenon are worthy
of recommendation.
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PRELIMINARY WORK ON THE FROBLEM OF {LASSIFYING
MANIQC VYARIETIES

—_—ty —

Luir 4 Motopald, Ermesio A, Coptdrail, Fieitlerma Herdmtdos Rool Motgramde?,
Serpia Brambiia¥, ond Irma Tejada®

Cleccificgtion of manioc has genecally keen himoted U s dishinction betyween
“ewest™ and “bitter”  varicncs.  This comnawg method of classificidion is Dused
ealicely on the 1aste of the roots {coren or edible part) which in tum depends
largely oo the hvd eevanic avigd (HOMN ) canatenr. Howevee, Simee the HON content
of 4 given plant fluctuates not only with the phesiological stage of the planl bul
Alzo with the region where it 15 culovated, fhe differenmaton Deiweso “awest™ and
*hitter* vamieligs docd not provids 8 sound bngis for classifying manice.

The pratlem af classifying the varietiza and culyvars of manios grown in e
tropicel and sub-tropical oreas of Latin Amence is complicated by the multiple
nermes given 1a the 2ame vanoly andsar cultivar iy diffceent eountrics. Accarding,
tn Bames (1954)] the large number of manioc vaneties found in monhe asicin
South America supgesls than 1his arca s i origial center of domesdicativn while
Ropers (1963} ostulaies two major speics centees. one io Mexico aod Cential
Anmcrica, the other in northeastermn Brazil 3s far a3 Maio Grossao and including
parts f Pamguay. Thus, it appears that the vardelivs end cultivars of manin:e
[mend in Lacin America wday have bsen introdueed i the waricous countrics
from only one ar two conters of origin and (hat Uy the process of dilfusig they
acoired different names as they spread [mm one region to anather

Fogers [ L463) points to etill wnuther difficulty when he observes that chens
is some evidence thal ecreain cultivars have hvhridized with locally occurring
natavest species in hoth geographical centers to form 2 number of complexes.

Previcus studies of manio: by Graner (19427 and Rogerz (1953) provide
the lasis Tor the classification of maniue presendcd in this paper. Gramer fouod
that the form of the leaf and the cidoration of the plellodsrm of the ool sepregace
integsendendy and that the form of the kof s Jargely dependent an ¢ovironmental
conditicns.  Working with  wegenalive matenal from Jamaick,  Cosia Rica,
Micarzgus, Frawil, Bolvia and Peru, Rogers noted the existenge nf two stable
combinations of vepetative charactenstics which cowld seove ss the basis of a major
classiboition of the spocics.

The present study was condocted on a eallection of vanctivs and cultivars
nainteined by the Instituto Macional de Investipeciones Agricaolas {MNTA ] 0 the
Cenirg de Tnveshigaciones Agricnlag del Sodeste (CIASE} which is located at the
Campo Coxila, a sub-teopical coastul region ocar Veracruz, Mexico, The plants
of this collection were interditged  inte Mekico {from Bramt, Costa Rica and
Colombia (Conteeres, 1964, Only ons previoos stody of this collection bas been

1
. InleT-Amsrcpn Incilube of Agricultural Sciepre of e OAS — (OMe Lo Mexlep)

Msdlleen Maclooal de Nveatigeciones AErLelds:, 540G, Mexiou.
d

Centbg Muciobal 2 IbvectlEaclones Pecdatlas, SAG, Mexkeo.
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published, Omn the basis of charactenstics such 23 esistange Lo stropg winds aad
the shape, size and uniformity of the roots, Contreras (1964) selected and
deacribed the cipht vametied of Lhis eollectinn whch appeaced 10 be migs

prommisling,

The work presented in this paper represents a preliminery ettempt to
clasaify the vareties amd cullivears of the above memtioned collectiom on the basis
f corl@io morphological characteristics.  In addition, the HCW conceotratson in
the roots was detsroined  in order to see F any relationshap exests belween the
morplyilogics] charactenstics veed in dhis classification and the HCN content of the
roote.  The adaptability amd poostucireily of the plants were alwo obsecved for the
purpmse of selecting the best variedes for distribution in the Dopical regiong of
Lagin America.

MATERIAL ANT MLTHODEZ

(o February 144, 1968, eleven cuttings of approzimately 40 ooy each were
laxken from each variety incuded io the Campn Cotaxila abseryallem pleds, Thess
cuttings were planted with abowr 153 af their tetal lengh under ground and witly
&l inclinabion of approximately 459, A distance of 130 w. was cfe botweoen
rows and the cuttings were placed 1060 m. apart.  From planting wntil harvest all
the planis were subeitied 1o ihe same cultural practices.

Ten mooths after the cettings wene planted, 3 plancs of each waroly were
harvested (December 22-23, 196A) and one month Iater (Teouary 18, 1967} the
remaining & planis were harvesied.  Two Tacecsis weee made n nrder to chseme
what £ffect the diference of une menth might have on productics.

1he same procedurs was fotlowed in bath hereests.  When the Fopls wen:
taken out of the groond, cthe relative degree of difficulry encountered in extracting
then was ohserved.  homediaiely alter eatravtion, the colowt (dnk Brown or Tight
pinkich tan] and texture [rought or smeooth ) of the epidemmis es well ey the shape
of the roctts (evlindrical, conical or icregular were recordedd, When the rools were
seperated from the stiem, the rekative difficulty encountered in separating thecs tug
plants parts and the nilore of the peint of attachmenl betweon them wis noted.
The cocda of caeh varicly sore {hew classified ino three commercial sizes:

- Wa. 1 — [erge roots {for possible ndusinal wse),
- No. 2 - mediom rosis (for homan conawmprion ), and
- No. 3 - small rooid (for use oy animal feed).

The numiber af foots 2l the weight of the roois incloded m cach of thess
LTpa were aldo ceconded.

Al the second harvest, 5 kilo compound gamiples of the roote of rhe six
plants of cach varety Zarvested were sent for cheomical analysis. The plent
samples were enalyzed by the Deparbinent de Bragumniza of the Conine Naciooal
de Investigaciomes Pecugnes, Pale Allo, Mexico, D F.

. The cyanogemctic plicesides were determined a1 hydeeyanic or  prusic
acid by the acitl tiration methed (7)) and {he % of dry weigh, nitroges-free ex-
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e, ether extracd, nincial matter, cotde proteiy, erode Ghee, Ca, P and K were
analyzed. However, e sesults of the bromaologicat analysis wee not reported i

1his time.
FESNUT.TS AN IHECAESION

The source given Tor each varicty in Talile T docs oot refer do tha place of
arigin of the varcty hut rather to the Iocation of the oolkeclion from which tie
vegotative material was obtaincd 12 focm e manioe gollection of Campo Cotaxtla.
The 31 varictics harvested were divided into groaps on the basis of skin calor ond
iexture. The resulis of 1his classification eonfirm Roger's observation of tac
gphte comhinaions of morphologcul chiacterislics since it was [vuod that the
ool that had a dark brown calour had & tough eriues white the light 1an or pink-
izh 12n rools were invaciably smeooth.  Toenlv-one vacieties wers found o hove
a dark Teoam ks and 2 roogh texture, 9 wareties weoe 1ight tan o color with 2
smocih skin and 1 wveriety, Bag Yard Marlie Fill, was pinkish tan with a smooih
skin I4 way alse mored thao within the croup clestified as dark boown/tough ueie
was considerable vanalion in the shads of brown, Flowever, the dark brenan reots
were clearly distinguishable from the light tan or pinkish ten coms.

In addition ¢ skin oolor and texturs, cecteim oiher charactenstics af he
rools weee obsorved which maght by invesngated gs 4 pestible basie for elnement
of the lwoonajor divisions already noted by Rogers (1963}, The roots classifigl
15 dark browmeTough showed sume varativn in refaian o the nomber and size
af the “lermicelia®™, 1he odlor found immcediztely undee T epidermis and 1w
tendeney 1o peel  (In this soedy “Aaking™ o7 the presence oF sweall scale-like
(eces af skin was consideced as a condition inherent to “rouwgh™ skin and rhercfars
was not used 35 8 separite charslenctic, while "peeling™ was distinguizhed from
“Haking" in dhat the skin actualyy ceme off the rools.  Howewer, this gogld have
been due 1o o conditivn of immatuntye.

Mosi of the dok browneongh varietics ad o lighe yelfowdsh color wnder
the epidermie.  However, the vanety Elmo Stick hod a purple color while  Sin
nomwbre 1[-36 and Ceiolly had  a pinkesh color wader 1he skin,  Several oeher
varicies, such s Yucatecd, showed sipns of pecling.  AlWbauph the  tendency
towards pesling may be largely paverned by hecedity in that it & celated to che
thicknezs of the cpidermis, the textore of the coil and the meilod of himvestng
may also be importaol {aseen.

The rocts clagsificd as Dight tao or pinkish a0 and smeoth showed Jesa
varidtion in relation 10 the chamacteristics mentiooed above and Tess vpciatinn in
the axplor of the epidesmis.  However, if et be neded that abowt twice 2z by
dark brown/Soough varisties as Iight o1 pinkish tun/smooih vericties wers spoluad
and this wmay socrens a0 paret for the amalicr degrey of varialon found among the
light or pinkich tan/smooth varietis:,

Mo reletion wits found between skin oolor and texture and prodwdion since
planis of high prosduction as well a5 plants o medivm and kbw production were
found in both major grwps {dark brownyrough and Jight or pinkish tan'smooth ),
In Takle 2 1he prodoction of the varctice stodicd is presented in tecms of Lhe
average number of Toots pee pln, twe average vield (kilos) per plant and in the
estimated] value of tons per heotare, OF ale M vaeketics, Bye Walher, EPC Nn.
3 tipe dulce, Sin nembre H-56 and Vallooa were found 10 have  pither wor
[sw prodoction or Tow quality roots.
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Reparding prodocrion, i showld be menbioned that high weld alone dnes
oot consiitute & soperir varety. The HON content and size of the roots a5 weil
as cedain [aclas tha facifidate ar obstroet ]!mcstin,g zuch as 1he cosg af exiraclion,
which is deperdent [arpely on the disiribation of the cadieal svstem, ind the case
with which rhe red can be sewmied feam 1he steck, are aln imporanl fagtors.
Avmong Lhe vareties studied, Yellow Faunders, s vasiely of averaps yicld, was
found to be very JUBcult 1o harvest hogause its moats g eep imie 1he sojl.

Sepaciltion ©f maning  vaneties wto crmnmereial geades  acearding 1 the
size of the rool (Table 3) provides a basis for selecling the best varielics for
sp:ciﬁc uses,  Dlowewer, it shoul] e puinmd vt ths thye pesolis ol (he Er:ld'rng
peeserded e Table 2 are valid onfy for plants hareested after 10 months of growah
simce the size of the mot ullained within & gieen 2mownt OF N depends W some
ezlenl un the precocity of the vaciety.

The following 10 vanctes, which are described Jn sonie decaid, wers
constdersd outstanding hecause they presenied g better combinition of desirable
characieristics than ithe other varietiss studicd. The varietics 1thay prodoueced the
highest yizhds are incheded o ths st Elowever, HICW contend was not laken into
spnanderaion dn 1his appraisal.

Ca—h Light tansunooth. The roats, which are shorl sl thick, buloe at
the puoiol of allaclunent o the slock and are difficull to sever. Ths
varpely preduced 8 goad nember of oot pee plane and iad the kigh-
est yield {54 % t/had of all 1he vacieres sludiced.

Elmn Stark  Thrk TenwaSroaggl A poeeple enlor was noted Bolow the epaecids.
The roote are long and <lender and irregular in shape, The prant
had i large oumiber of cowts and produced u kigh viekd (50.8 o/,
00 A% of e ool were of Mo, 1 cize

Big ¥ard  Light tan/smexilh. The cunical-sheped rocts of rthis wardety are

Marlie Hill difficolt to sever becsuse they ara thick at the poont of attachn:ent
fr the stock.  The mrels hawe a pinkish eoler under 3he tkin and
purpde gtrips oo the epbdenois. Twis vaoely produccd a high yield
(45,6t ha} and hed 7 large number of rools por plenl, T4 B% of
the roets weee of Mo, | sime.

30— o Light tans/smoith e roots are dhick a1 e promn of stiechment
to tlee stock.  This wavicry yietded an averape of 39,8 ¢ha and pru-
doced good size roots of Mo. 2. praede, M4 3% of the toots were of
No, 1 gz

Yucalera Dark brown/roogh,  The roots, which aes long, thick erd conieal.
shaped, are casily severed from the siock The ckin of rhis varicly
pecled considerably when the roobs wepe harvesied; 7525 nf {he
roraty weerg of Ma L size and the awerage vicld wag 35,5 .

Whete Cuban Liptt @n'smocth. This vardety prodece; a larpe oumhber of
irepelat=shupcl tacils per plant In percent of the rodal yia'd, the
propertion of WMo, | and No. 2 size roos wis very similar, The yield
of this variety was 3.4 /ha

Criclla Dark brownfroogh.  Thes varety procleces many geod size moobs por
plent (75, 7% of Mo. 1 size) that are eylindrical in shops and easily
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soversd foom the sicek, The rools have a3 pinkish color befow Lhe
gpaclecmi.  The jvcrage wield was found o be 34 .3 t/ha.

Guarupe Dark brown‘rough. The qovicol-shaped noats of this vacioly ars
long, thick and strwight.  They are easily separated fromn the stock
ardd of aw exeellent cxicrnal appezegnce i peneal.  The production
was 31 .9 &'ha,

£ Tk hrnm..-'mugh. The toids e irr-Egl.ll.a'r in sha.'pn: and EBE-”}"
separated Erom the ¢tack; 55 .39 of the roofe were Mo, 1 osize aed
the Woe 2 size roars hed an especially paod appearanez This v fiety
yiclded 294 t/ha.

Stalling Dark brown/rough. The cylindrical-shaped rools arc thick ar 1]
potnt of attachment 10 the stork and Jifhcudt to sower Althnupgh i
tda]l producdion was oot high  (an average of 22,6 ofbay, 1his
variety produced the highost percenlapgs of qoats of Moo 1 size
(TE. 1% ).

Moning ras with an HON contenl of less than 5 mg. per 100 £ of Fresh
wiphr &re considered Vewesl™ whits rools with ao HEMW concentrilion between 3
pod 10 my. per 1840 g ooe clegsiier] ps beiog of “mediom inxicity' (Cessercs, 1906],
According 12 Jones {1930}, roots wath an H_X cootent greater than L0 mg. 7100
g of frosh wezight ace 1o Enxie for consumpdion and suidable anly for idoser it

LI%e.

The fesults of (he chemical analveis mede of 30 manicae vanetiva in this
study [(Tah'e 41 show that none of the vadeties of the Campo Coaxtla gallecion
prodoce “swecl”™ rools since the lowest concentrilion of HCN found m the conex
was 5.8 mz./ 10 £ of fresh wedglt.

3 the 20 warienies analyacd, 10 had 2n HCW concend bevsoen 5 oamd 103
mg./ 100 g Three of these ten varetics, Oudupd, Cubina and Smalling. wore
smcng these singled cug as superior variclics. cic three waricties, al| fughly
productive, had an HCW conlent of 3.6, 9.4 and 4.5 mg. /100 g of frech weight
respectively.

%in nombre H-5E, the vacety that had the lowest conceoiraiion of ACN
ir the cortex (5.8 mpE 100 2% kad 4 overy bow vield 1% t/had while Zopilata,
ehe wariery ihal had the second lowest content of HET o the coctex (641 mg. /104
a) pmu:luc-:'-i i mrediom yickd.  Thoz, varicties of high (Guexopd, Culana and
Smalling}, moedivm (Zopilata) end low  [Sin nombee H- 56) praduction were
included among those that had an HOMN sonceniealian of “mediom toxicity™. It is
alwn inercsding to note that g1l 10 varelies of “medium woxicity™ belonged 190 1he
dark brownscough group ‘.'.'hjlg 4 of the 9 vaniclics 1hat hat & wery high wanignt
of HCW (moer: than 18 mes 104 2 were of the Hght tanfsmaxah proup.  Fouwr
of the mne wimelizg thal had 50 very hlgh HCM concentration were alse arong thinse
selectad Bs the best vucetks of the Campo Cotaxtla cullection,

The recults of this study agres with 1he absecention of Jones (1953 that
there i nn peau] correlation beiween monphological characternisties aod hydm<yanic
acid content,

Six af 1he vapeties of the Campn Cataxila eolfection descobed by Contreras
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{1954} wens alse ncluded in this siody. Contceras Jid one analyze e HCN
content of the rools, bol he did clastily them as ranping bewwesn  “sweet™  apnd
“hilrer™ oo the basis of qaste. A comparison of his classificetion with the resulis
of the analysis of the HCM coantent made in thig siudy shows that there was discre-
pancy belwern the 1w catives o 110y cusss  For sxample, Contreras considerad
the vanery S, estd ou la mosa, wiose HON eontent wae (pund o be 21.9 mg/
100 g, a “sweet”™ wvariety, while a vadety he described 23 somcwhat “Tte™
{Cuanupd] wag Enoand 1o Tave ooly B.A mg 100 g of frash weghn  These Oilfee-
cnces may be eaplained at as=1 in panl By ithe fact that the HEOWN contene may wary
in Jifferend samples of the sarne vaodey amd gven in dilferent roots of the seme
plaat  (Crssorea, 1966}

AUMMARY AND SUMNCTUSICENA

Working with vegetative material fnom B mapioe collestinn maimained

a1 Campe Calearla acar Weraeruz, Mexien, an exaloratory clagzificannn was made

an the Becis of certain memphalagical charncreriziics, the HOM enmtent of the panis

wag ahalvzed and 3 nomber of varietics selected 85 culstanding in this colfzction
wore describod.

The Eollowing conclusions may be drawn feom 1his praliminary stody-

. The cpidermis of the mature rocdz oF all 37 waricies incleded in the
Campre Cotaxatla collection were sither dark brown with a rough
texture o light tan with & smoath texiure.

2. lnaddition te skin celer and jexowrs which secvcd as the basis for
classifying the manioe vamiclize indo two groups, a group of secordary
marpholngicel charactetisrmy that might servg as a8 basis for refiang
the ¢lassificalion was obscryed,  These socomdary  charickerishics,
which will bz =stadied n densl i dhe Tolore, ingladed the cize amd
nimber of e “lendicefa”, the pigmentation foond smmediztely wnder
the cpidecrmis, and the tendemzy e pesl.

3. W¥arieties of high, medivin and Tow peeduction were fourd in both
major gronps of monioc {dark browmsrongh and light or pinkisho1ans
smoolh].

4. Om the busiz of FICW eoateent, none of the vanedes ns’oded in the
Campa Tolaxila oollection com he enngidered "“swect™. OF the 31
varetics stwdicel 10 had an HOY coneent belween 5 and O mg. S 100
g of fresh weizht while the other 23 vamelies had morg than 10 ing,
of HCN per 140 o oof fresh weeight

£, Mo apparent corrclation was found botween  motphological charac-
teristics and HCN content,



Acrcrssion
aumber Mame {x)
7 SG 467 O50-- 6
T S5G 4315 50— 0§
31 S 44% 500 10
4 50 556 5012
5 BG OSE2 CH9-—-13
i 207t  Era. esta en la mesa
7 2783 {Cubana
& ZB%E  Hawuna Wo. 3, dpo dufee
O 3056 Hollet imee
19 3026 Ehoo Sdck
11 3036 Yellow Savoders
12 3 Exe Wather
13 39 Emalling
14 3I05F  White Suick
1% 305G Bunch of Keys
16 2BE&  EPC Moo 3, lipo dylce
17 344 Whte Margret
14 3047 Dig Yacd, Melic Hil
19 ¥ Wihare Coban
a0 Crema
11 Sikte meses
12 Camiota
13 Zomlara
4 1144 Sin nombrs, H-56
25 1146 Walluma
26 11ldg  FRPC No. 3
27 115 %inonemlare, H-AA-1
2B 1892 Itn
29 454 Craaxupe
11 Yucalsce
31 Criolla
{%) The numbera includeg with {he nAmes &are Lbose
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Table §. Morpholagical characierittics of e reots,

Source

Rrazil
Brarsl
Bran)
Hrazil
Brivcl
Coata
Lrsta
Casta
Costa
LCosta
{osla
{insea
Cosla
i 'osla
. osla
Lnsla
Cosla
Cosla
Cazin
Cunlis
Comda
Costa
sl

Epidermis

ed epalupe rreoks

Calor  Texlume

lighl tan sme-ath
lizhi tan ercith
light Lan smeiilh
dark brown rocuph
dark beown reugh

Rice derk
Raica ark
Fiza hight
Rira dark
Rica dak
Rics daerk
Riz dack
Kirs dark
Hirz light
Fice dark
Faco dack
Rica light

brown 1ough
Tiriven mmeogh
tano rrnoath
brown mough
brown rough
broen roozh
Prown muph
brown rorugh
tan  smooth
brown toogh
brown rough
lan  smooth

Rica juikish wan smooth

Rica Tight

1 smoookh

Eica light nan smuclh
Rica dark brown rougzh
Rica dark browo rough

Rira dark

brown maugh

Costa fiea dark brown roogh

Culombia
Colomhaa
Colombia
Colormbya
Calombia
Mexic

Mexico

collaslions Mo which Lhey Wwere cbhlained.

dark benwm rough
light tan  smoesth
dark brown rough
dark broam poasgh
dark brown rough
dark browo foggh
dark hrewn roogh

[— 3%

¥iven 1o the yvarietiss 1o tha
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Tukts 2. Root produciion of 31 varfrides of manioc harvested 10 and 11 months
afrer pladiing.  Averape number of Fadry per mianl, deetage yial! per
piet and esuruaded walie of fons per fieciere.

Harvest 1 Harvest 2

Woaricty roots s/ plant Lha nxats kSphant 1/he
Sl Splant
59— 6 16.4 Lr. B2 LB 13.2 T.37 4,0
55— 1§ o0 6T 44 7 11.5 5.37 5.8
C5o0—14 7.6 3.06 204 7.2 .47 23.1
Ch0—] 2 .2 1,24 3.3 6.2 1.57 id.4
C3g—I13 N 1.24 7.4 5.7 X3 14.9
Gra. cstd <0 la mgsa 104 .94 19,7 1. % 4 67 31.1
Cukbana L. 3 4. 56 ik 4 E1.2 4.2F 2B.4
Biyuni MNo. 3,

tipo dobes o E 1.15 11.9 6.0 2,13 14 . %
Bulicd tres .4 2.42 16.1 2.4 a7 .4
Claw Stick 1113 3,84 it.ne 18.7 9,55 63.7
Yelow Saundes L. 3. M} 15.9 1.7 3,70 4.7
Fyc Wather 1.k i 5.9 51 .93 1.9
Smallhing E B 1.92 261 i B Z.06 ke,
Whire Stick .6 L.0s e 43 1.0 6.7
Lanch of Keps 5K R 1.9 4.7 L4y 1.2
EPC No. 1,

Tipne afuilee — — — .4 13 .4
While Maigarei I0.4q 3.3 2.3 11 44 5.6
Bar Yard,

Marle Hilt 16 .4 B. o5 T 11.2 5.0E i 9
Whire Cuban 14 .0 3_50 3.1 2113 6.5% 4317
ETema 11 4 X la l4.4 9.0 2.40 15.9
Rinre Anckes 2 %2 15 7.1 2.4 16K
Camotz 1.2 AR 1.9 2.2 .44 1.3
Zopiluta L 1. L4 1.6 4.0 [.5E I &
Lin mumbe=, H-%6 4 0 Jan 1.9 d, [ a7 2.5
Walluna I B 46 3.1 - — —-
EFC Na. 3 3.8 (& 30 5.3 A0 3.3
win nombre, H-56-1 3.2 6 4.4 3.7 a7 6.4
Tt 6 ¢ .20 7.9 a.7 4.21 2% 2
GuasLpe 6.8 3.40 221 L 5.9k 7
Yucaleoa i h 4. 20 27.9 1.7 & .27 41 4
Criola 2.4 5.%4 3k .9 07 4. 57 3.5
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Tahle 3. Clamsifcation of the merioc prodction inte commercial grades expressed
43 pereeny of che rpeal yighd from the Jsio koarvgsy.

CAMMERCTAL GEATHS TN PERLCENT

Varichy Mo, L Ma. 2 Mz, 3
grade grade prade
Cie— & 63 .2% 19 2% T.5%
Lt H 4.3 1T 6 g.1
C53—10 1L 22.2 0.9
CH—12 i%.5 i3 p . &
Cii—13 n.; e.7 41.7
Sra, oM wo | mesa il.d A 155
Cubrana 55.3 M a 0.2
Baywoa Ma. 3, tipe doice 54,3 9.9 15. &
Eullet mree 521 3.9 14 .0
Elmo stick G o 5.4 131
¥ ellow Saupndera 6y 2 231 17
Eye Walker [ 154 1T.8
Snualling JE.1 iE.9 3.1
Whitc Sick d2 .3 3.7 5.0
Buoch of Keys 3.3 40 .0 26.7
EMC No. 3, 10po dulee — — —
Whine Margaret 52.7 2.3 4.5
Big Yard Marlic Hill T4 8 18.3 5.9
Whirte Cuban a8 .9 T.T i3 .4
Cremea 42,4 T q 13.4
Eicle meses - 6.2 L I
Camuta 0.7 41 .4 37.0
Zapilala 8.6 2.3 35.1
5in nombre, H-56 — — 1. G
Valloni — Fo. 3 33 5
EMC Mo, 3 41 .3 20 1 5.7
Sih opbre, H-36-1 45 .5 164 15.2
It 1.3 41,7 400
CGuaxupe 131.5 0.6 5.9
Yucatesa %2 1.0 T
Criolls 75.7 18,1 6.2
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Tabie #. Concewntration of frdorcpdnic acid {(F0CW) Jonumd jer the rooes af 10 rrons:
old rramics plants.

Varieny meg. HCN, L = Iresh weiphi
phelioderm cortex Lotal*
Ci0e 1S 15,4 12 & 4.1
59— 9 44 g 0.0 4.2
55— a4 i} 21.6 4.2
CEe 132 3452 12,7 11.5
L5913 69,5 0.8 45
Bra. etd en la inena 1.8 21.9 1T B
Cubans 0.7 o.4 E.5
Bayuon Ma. 3, upo dulce al. 1 24 .7 1E.4
Bullet tres 5.4 E.2 11.2
Elmo Stick 7.4 22.0 3.2
¥llow Sapnders id . [ 12,9 15 K
Eve Wather 5.7 12.1 3.0
Smelling 2.3 5.5 9.9
Wlile Sticlk Q.2 127 11.4
Bunch of Keys 14.5 9.7 11.4
EFMC Ho. 3, Lipo dukse 16.6 7.4 z.3
While Margaret 0.4 10,3 14.3
Big ¥ard, Marlie Hil 25.2 11.5 5.4
White Cubran 35.0 18.6 2T
Crema 21.3 b | §.7
Bicte meses 15.4 0.1 9.5
Calnata 2.3 0.3 10.3
Fopilola z.} 6.4 3.9
Sy noambre, H-56 15.4 5.E a0l
EPRC Mo 3 1.2 11.4 16,7
Sin pombge, H-56-1 .3 7.0 12.4
Tiw 5.3 7.7 2,1
GU“U]:H:- M8 E B (41 ]
Yusatera 2G4 19,2 M3
il 1B & 10.7 11.%
Average 25.5 1.9 15.2

*whole oo
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RECENT TEENDS IN CASSAYA BREEDING IN INDIA.
—hy—

M. L. Magson
Cearred Tuber Crops Retearch frotipre,  Kerole,  fridi,

Ceassava {Manihey excutzmtz roeiz,) 15 eapudly emerging 85 8 crop of
comsiderable  rmiperiinee in hndin More than half e million acces anc now oodee
ils coltivation  in Kerala gace alone which accoonts for aboot 0% of 1he total
acreage of 1his crop in Indis. It capacily for produciop Jacps amouols of fxl
eularies per acrg, abiliy to adapd wzell g grrame chmatic conditions, resisiance
Lo lorusts end several pests and disrases, casy culture, Jaw labour tequeircanents,
Iow cost of preduction, e are some of 0% wnique  [eatures which  further
encourage the spread of ils colluee to soveral otker cogions of the country, Pesidzs,
being an importunt ilem of Exd for g Tagge propertion of the pepulinon in Kerila,
il provides cheap, outritive Feed for livestock as well. s tuber bas ioouwmerable
indusirial wses Alsie pacliculaely for stacch excractian (Magean and Appan, 1966
g and bl

Thonph cassava has beenm under cultivation in India for & long time, improve-
pnent wWoedk o this oropr has lagged beland, The feld of aclivity coocerning
carenva breeding is thus oaly of recent origin aod thercfore, many fundamental
as well a8 applied problerss cequire yet 1o be grasped A sehene of research on
cassgva was started noearly weats # Tmvancoms University, Trivandoom, and the
work of the schemes was greatly enlarged ooder the scheme of résearch on e
improvement of cassava jointly fimanced by the lodian Council of Agricultural
Becearth angd the Government of Travaneore-Cochin {now Kerala). The resolis
obigined on the vaoos aspeces of ke coltividion of cassava in India during |9403.57
are summarized by Koshy (1947} and Abraham (E%57).

Considering the impodance of the variout tubcr crops in the Agricultoreal
eancmy of the eountry, the Gaveromenl of India (Indian Cooneil of Agnisculiloral
Research] recontly established the Conimd Tubgr Crops Rescarch  [nstilude ay
Trvandrorm for the intensification of researeh on the bipwovcmiene of warinue tnher
cropes, tlher than peacabn. The main Brectian of 1he Insbilute is W underake funda-
mepial as wcll as applied work on el aspecis of lubery Crop IMprGwCmEnn | soms
of the objectives arg 19 ¢volve aod femoolae pracucy] messares for  ineccasing
prodection of tuber crops by (i} bresding of high yielding, Boiter qualty, diseine
and pest resrelant wimeles, () detcemimenon of aptimom standards of cullore,
manoring and storage, (Ui} survey, investigation snd conteol of major discases and
pests which take o beavy 1001 of these crops in field and of 1ebers (o stotage, (iv)
production, meintengnos, moltiphoition end distribordon of disease fees, pure
propagating muenal of impraved vandetics and (u) parhering fundamental dare
o rhe botany and cyto-peosiics of 'he various tubsr crops 85 alio opn cerlain
ggronamical, chemical, phvsiological, entmnological, myentngical and pathulogical
aipects of these crops In this arlile, 1 shall Ity 1o outline boslly some of the
main wenis of research work at presont underwey an the npenvement of wlssava
at this Institule,

A WEALTH OF MATERIAL

Geoctic varigbility is the essence of any plane bresling prorramme A
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germ plasm hank of the different twuber coops ncluding witd redaives and alfied
yoateriul from within and outside the countiy has been built wp.

For instance, in cacgava, 96 socalled "types”™ hawe bezn zallected feoan
VIO pl:-:l.'.-!‘:s in hilad ; =ome hawe a'sn becn obtained] (rom wanous counkries.
This cntirc collecoon is being circfully scrzened foar several coonoimic charac-
teristics for purposefol utifigatinm of this geectic vepiabiny, Sadies so far mls
or 1l Inatitoce imdhis repard show thot there iz concideraklz variation aaowg Lhe
grrm plasm rallerhion stk TL'!E:'LI'\d I |:-'|"|'r|.'xil:'!||-|‘13i.-|‘.'al eharclers as '!,-iEld af 1ubers,
bield fesistance tn discases and pesis, responss to variows fevels of coil femilily,
miluraty Jiericed, starpge Telavientr oF tahees, enoking quality, drcvehn resisanee
amyl lanchewieal chareeiers such as prasske acid content of lebers, starch content
of tubers, i,

Many of the cassavy “vpes” wnder culivagion i Kerala ar| ather staees in
Tndia arc zither chance seedlings or bud mutations, selected for desirable charac-
torastics 274 mainlaingd hy wepctanve propagation. Varicties bese soiteyd g 1he
requircracnte imposed by the lecal conditions arr penerally adopied and popu-
[arwead in the varions cassaa growing tracts. The majoricy of the rypes have narive
names which penerally indicate one of the striking featomes of the plnt, lke for
anstansy, “Arakemban® meaning 1w tuberz while and lone simifar deo ow elephascs
vusk. The matority pericd of the differsnt indigencus vanedios viries from 7-13
months, Yaricrees wath lesser tnxicily are generally prefermed in many area- bos
whrn the crop is grewn for processing The twbers wte stanch Moo, chps, manioc
mcial, livealozk feed, e, and not for immcdiale homan  consumplion, high
vielding vadeliss ane preferred, irvespecnve of bittormess.

THE MWEED FDR A TILASSIFICATION

There have been divergent views regardeng the classification to be sdopted in
this prnws 2t v The raxonomic shitos b be grven to the wamorns cotines, az 2l
concerning the evonlionary selationship betwesa them.  In many anstances. The
delimitannng of inter-, intra- and infe-spegific categnzacs o this variahle groop nf
plants lack the sharpuess thal o smudy of evolutionary inler-relationshigs  weoll
pequire (sce Boocrs, 1965 @ Bolbuis, b33 5 Urnaze, 1942 Teenings, 1959
lones, 195% pnd cihersh. Cassava was classified by earber botimsis ingto bilter
and cweol rvpes. aacording tos The asde of the raboous ronc, Some warkers assgn
thr hitter Jypes ehose cultivar, dhat have a high concentration of crimupencis
glucnside in e roct) o M. weliesmg Pobl, and cthers refer oo the swoer ovpes
{with low corcepitatirm or 0o cyanogenalic plucosids in the toot) o g disit
spucies, vaciously desigreied as Af pabnara, M dilciy ar M. opr. Howower, this
difsrentition hie oo commonly been accepted fom o Lesomanic standpesinel, a5
the waste of (e wber is oot reganled as a clacaetce of specific or vardelal impreri-
anee, Fogers [ 196571 has righily erephosived The nged b clasaly all the culivars
iz one bghly vadable spesies, guitg the name Mancher erenlenta. e carkiest
valid name propescel by Cramtz 01766%. Within 1he specae. scversl types or racc:.
hased e severzl morphidoeicel crinena, are recomized  Sewcral wild forms or
specizs are ol pecognized in the genus (ser Rogers, LUES § Jewnigs, [95% awd
L'rihl‘."rs}.

Attempls have beet made froen rime to dime io differeot cans of the waorld
1t syelematwnily ¢lassilying the lares oumber of su-galleed 1ypey or rages or Tremy
il M. evcudents available v vhe werkozos of vhe perlieular eegign on marpholozical
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ariteria, gengraphic distibodan and ceclogicn] prefecomoes, ete. Fowever, i1 must
be admittcd thar while zome notable  tawoaonuc work ha been done in this
dirgeiron {see Regoes, 1987, &3 A% ond B85, Croiza, 1942, Kashy, 1947 apd
cothers) which s resulied |r. the recognition of spocees, sabspocics, tvpss, lower
enlilics, efc., pemelic and cylugenectic evidenoe which can additionally help in
develnping 2 e admal classification Tascd ng o ancestral telidicrships is il
far from adequote, The werk 0 this direction hos cceent™ been taken up 21 this
lustiture. Tha vapicais Svaslable INFACS WErL clngsafjag o begin with on distinet
vepetative characters such as colour of maiees stom, young sens, cmergang Shos
Basz of the petpo’e, bisse of Lthe stipale, vzins an the veniral suface of the Jeaves
and grovdh bhabi, including nature of branching, cre., Mol charagters such as
iaiout of pénanth rm.;! dise, and 1nber chamactars such as shupe and sorface rexture
of the wihers, valour of skin, rnd and Tlesh, and ome aben Tor coukng, oe
Warkable kevs havs born prepared for mdentilying ke distinet types on the hasis
oof thy abnve characters Nene hondreed and sixly coltivated w0 celled Iypes cullectsd
wete critically stodied im the licht of the above system ard, i has hesa Eowred
that o poudd rumber of jdigencas types are sinvdlar if oo icdentical. thevgh kmess
by diffzrent nomes in different localities. Oud oF 1his colleclion stedsed, oxly oboui
0 dister 1vpes bave se fae been isoladed. Moeerthaless, ehe cxlreme dillizulty
ar tivmes of identifving ¢he lone by il obksorveble mocphaological feztures and 1he
chaipeableness of the clones when placed in diffcrerd envipnnmertal conditions
camBine w make the system ot fully sausfastery. Hence, 1 combined study of
mreemhelogical, cylalngaeal, genchical and other aspocs has Faen onderiaken, o
cader e develap a mere acocplatele STassilicadicon 1L 35 Fell thar “enclesive Mecha-
rum™ of 1he Ivpg En"."zs.:'lgcl:‘l For annize h':.' Andersen (9511 and Seerpfiyn |_-|:|,:
Yopenn and his associgtes Mageon, 19608 ; Maguon and Stembulingappa, L9462
aoand B, &3 Magncr e of, 1901 & 04 Radasivainh and Magann, 1963 and
crhers d woeld b vore wsetel in cassiven, n5 well, Ir thees slucies. bosides onnwptee-
[ngr:al characteTishica, :,_':.-I!L‘:-|l."~_g||_:|| fE:ﬂ.IJfl:'E- Hp"-.'!lﬂﬂ:,' the dala gw 1he ml.'&-r|1h|.‘~|||;_'\_-.
nd pachylene chaomosnmes are eleoo inl:lud{'d.

4 enmparisan of 1he cheomesome memphelogy end the process of mciests
in diferent taxa it mng ol 1he ways of amiving a1 an ascisace of the relanonchip
letwean differear lawnnomic cntilivs, especialiy a8 the spocics and “oweer lows).,
A simlar study in cnssevi would he mesr apsaopriate Sivee Lide heasdasyy can e
male in The 1aganomic rzatment by studies based an chromesome npombers alone,
as al the cu'tivated anckipencus oypos thes far stedicd z 1he [o<ticme pessess
2n = W6 chrornsomes. Thus, the eviluative of compirdive Larvamorphalogical
difzacnces zmene- the waricws Leppes 2 descrobles Tlas wonn’d necessainde 1he
provise idestficalion of cacly of the 18 chromasumes of the ip'md set. preferably
acecrpanivd by the lacanen of same marker gooee o each of theny Soeh <nohes
Fizive recenl’'s Besn Indcated

Lnforturately. cytabogecal studece o this frevip of plsmis, prrhaps doe o oihe
lack of spiliehle echmicues, wxg ilt eecencly tareely condined o the dercrnnnat s
of chrumasome aambers, Crtical analess oF the synapte behavews of caron-
somes in Lhe sprcies or dypes, oo, as well a8 in Aybrids had Boon oreccly neglkzeiel.
Chrnmecnme Binmalapy is belicved to e The propeely nf Lthe chromnsnme seemenss
which are urils of ewdaludierary changes, Thus, ke analysiz of twe nuto=e of pueiring
a p.al:.h}l;tr'lr: ahage im inler-specific o dnter-racial hybrids or evrn in o2 popuintio:
wf 5 spocies orovidee 1he hett  chance of seamning 1he  different n.g-mm nfF 1]
bivalenls frr srencrutal hyhndity thersy revealing. l.r1.1:|I: dupliciliors, imverimn..
hifferential segments, lﬂl_ll:l_l_.lrlﬁl pHAN-paInE  Segmems, o wndetzelable ag
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diakinesis and leter stages. Tn fact, the oatwre of choomesome pairing particulary
il the mid-pachylens stage in the hybrids studicd s far Tias besn indoed very
wseful 0 providing considerable inlormation bearing on the presence of absenge
of simecdural clwnges borwoen the chenmosomcs of dhe types.  [esides, pormaal
meiosis in gome hybrwls, irmegulanies swch oas Lhe presence of minoie,  though
1;:,'11,1|-;,1gi-:,:a||_'.l 4.1|:r;u,-]-,|:.h]-:, nr’un::tural drlfercnces Like spiall |,|1.:E‘:-'|jl::|li-;:-n$ and  dele-
tioars, loost pairing, diferential sepments, tecminal and  intecctitial et paicig
regicons, ete, have alsn heen found i eemain olhce hybrids. The role plaved by
sarerc af them in screing to restticl the omeeloey between chromusome complemcnl s
of those difforenl tyxa therchy providing an effcetivg mechapism of gengiic differen-
lialion afe being cvaluated. The classibeution based on morphological criceeia is
thus =zupplemenicd by the eylalogical and fortilig dacy and e varinws 1ypes arz
L“:[i;:g lumped and re-arranged accordingly.  Genetical sludies have afso been
taken up-

A knuwledpe of The dotrreal mechanisms regponsible Tnr differentiotion in
this groewp of plents is of grest impurance from the Eracticol poine of wiew alsno,
becawse the brescker, s worsmn o gressing, f be s e sucetsshully incorpocate
some desiroble penes into the commercial, cultivated jorms. The procedorns of
InCorparing 1he dvsicskle L g, Term Abe relased Tlacy panticulsrly Lhe wild
anes iatn The cammercial forms faces vaoous handicaps such as hybrsd  saeriling
unil viuhiliy, D gven when the bybrids ae pot zenile and are folly  viakle, it
cunm Be ar ofec osswmed thal o free interchonge of gencs beltween the (wo
EpOCies 1% 10 on ::cpemed. Than 1this has mrd been eahzcd wopraciive s anly 1on
will kaawn. Sechbins, er al f LU48) considering 1the lioilalions jor such s free
irlecciares of gones have taken recolise e The estimation uf recombinatton imlea
as am aid 1n 1he breeder. f the recombinadion index calcolated om the bosis of
puiring snd chiasmy Deguency an M could he pur o sueh vse, dala an painng
AL pachyeenc siage could b all e mote weelal. From such a stwdy. it shoold be
T mossible to agzeest 1 the Brecder e cooss comBination he should coneenran:
his scloction upon, so that de coold divse! hic elforts anly 0 beneficial  cross
comtinalions ameng these forma.

RTULIES 0N THE MECITANISM OF FOLT.EY ARQRTION AND PROB! EMS 3 MHON-
FLOWERIRD LM CASSAYA

A pood number of cascivl yTes Tiow i cultivation tately Aower and =omc
if themn bz newer hoenm bnoww b Aesweer. Szl is commnm o oone like
cissavt apd sweor potabo which have Been propiooded by vopelative means for
thousancds oF YIEOTY. A oo resnlt of ﬁ-:r-:ﬂ:ﬂ.in[.!; af the '|arﬁu mymhber af poassavn ¥k 5,
a vaning degroe of myde steriliy has been recorded and 35 dypee have heon Found
e by campleiely make sierile. A compatative stwdy of Anwst mncics parspengy s
angl dhevelopment 5F male gamaophyte in oo fow nale fertile lines and some male
seerile "mnes wid cacicd ool and based on o extensive embrvalooical dik, e
encehunism of pollen aborton o Chese male wenilg lings hpe been detzmmined.
hix hecn fwnbd 1har 0 some male, sterile Tines, drpenecation of individaal mais e
Spaci is prubahl}' dip 1 the Fptune of 1he 51‘.‘|:-:]r'.al'i|:'|-11 af 1'|'|'i|_"rg1£|'|r:'n,'.5 lMnm the
bebrind which leads to the farmateor of empty anthers. However, in el acher
riale stenle lines. the pallen abarmion appears e e due t00 1he perssdort natore,
abrnconal bohaviowur and  development of the fapetom Chos o @, 1506 and
Mapcen, Jise & Vasodewan, 9677, Hascd on cy‘inlngir:al d:‘l.[il, M hjs heroe
supecstod that meiote ohoormality ic nol the cooge of pollen deaencratioa in 1he
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materin] slichied. Attempes to ody the ranetics aod brecding Behavicar of 5l
those mzbe sterile lines zre wodonavay.

Allemprs are ulso underway b study the physidlogy of flowepnng It = now
well known that enviroansensal Dactors wacludliog 1smperidoee and light,  geowals
regelators aral the avaifubility of certain metellic jons play anoamportam rate m
the expuession of the pemes responsibles  for fiwering {Seards, 1965, Suilable
experiments have been foid owt 1o determinc the low demperantee coguineminis
and phooperidic stedics in relation e flowerimg in pagseva, Besides, s of
pibberellins  (GA 3 in vamong omcenimations] B3 oinduce Aoweris®g kv oan-
[ywering cansava 1¥pes are alio being cicl sbice the Cibberelling can replace
leng-day and cold treafment coquirements in seweeal paanes w0 lndep them o
ﬂc.wzring -[]_.:l.l‘.lgr [gﬁﬁ]. Lhr Clee ".'.-|'|l.".~'|E| L Bmed al {J.:l E:,.'nr;hn:_:mzmjnn ol
flewering In wacicties to be cressed, (b)) making non-flowering and shy Dowering
variglizs 19 bloom for hyhrndizadion and (o] Facililating, b pngsible, Crossing &t
aily dme of the year.

FRODOICTION EREEDIMG

Cassava yields in several parts of Indiz acc mweh lower thag thase reporosd
fram ceszova produging areis in countnes bke Brizil, Madagascar, Java, Malaya,
ete. The average ycld in Indis is abowt 5 1ons per acre. I bl eaccava hac
been fll cecently, predominant'y 3 sobssrence crop prown under  sub-opeimal
viindizans of nulrition and inferior agronomic practices by collivators mostly i
sm.u_]I hnhﬂingﬁ fir damestic and local |':-|'|I:'|31.|.rnp-1j|:‘:-n- h 5 nbwious that en moreose
in pre<aductivity can onlr resalt from the Aup-plln:'utmn of seience and tochralogy. In
this pricess, emprsked varicties with & huilr-in poential for rospending ahandanily
I iuch praciecs can obviously play a very imporant role as caiglyss. Vs
better strains wnder ntensieg callisetion, high yiells snging freom 240 s o 30
toone per acre heve also bzen ceported (sec Abraham, 1957 and 1956 and Aagaon
and Appan, [966 o & o3 Sanwelatly, ol yields of cassava have alse Been ebowncd
hy weweral progressive culfivalors in Kerala.

Yince castiva & onowadavs emiccgg as a ceop of condiderable  econemng
nponates in India, due o its increasing unlity ag subcidiary Food, mduserial raw
miclerinl aned lwesteed focd  [see Maponn and Appan, 1960 b & ) amebocie
Iecading in this crop conscquently must be plicod on an uvrgent fonting, Stablizing
the yavlde at higher and higher levels will now bave oo be the magor probla.
Circatcr gtiention will hase npow 40 be paid in devcloping early malusing  and
dragphl resisrant warnclics. In recent years. pland 1ype has beeome an draparann
Ereeding objective, as the impreefanse off ol babi s the eptimuem wilization ol
selar cnergy has come 1o be wrll realized The results of the preliminary reanuria’
rials condwucted ol the Josterurs winl 3 fow indigonoos conmaicial varictacs, sugpesl
rhaf these do not have the capacity 10 respond in the pptimom Fashicn o hicher
dozes of Terlilecrs. B chyiows, dherefore, thot hreediog for Bigh fetediny conde
timi will have o be o prereguisite i any subcdolpd impnovement in the yie'd of
cas<ava o D be gxpreled wiathin g short pesind. This hee of work Tormes an
mtpoAant ohjective of 1he brecding progremmes i dhe st In [ac), sume of
the rew selectioeps and hybodi oreconeity develeped  invalving  suoeriog caatic
raaterial have been found 10 b particulacly promesing and they tespond well 1o
INGEBSIVE HLdtuEing.
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firceding for the penelic improsvemant of yeld, thercfors, coquires a wcll
bodaneed approach ond jedicious applicatron of speciahzed wechoigques and pre-
cedures based on a clear ondepstarding of 1he principhes of genetics end of arpasie
cealuticn, &lonp wirk hrn:n:rlinp for yichd pee ge dn gakiawa, we hiave :1"|;.|_!:¢..'|ri|!.I tu
bubld up semclic insurance apainst the vires discase, "Cassava mosdic,” which has
aseum el serics |'|:|'|:r|:||:|:r[1|.'|l'l;=. af late and rowees the _1_,'LL||;| i,ﬁnbldLr.ll‘l!}'_ In ather
words, produdlion 35 well as resistonce beeoding, the two facets of breedicg which
arg ot moduatly eccidsive, (Mshi, 1984 remsr g hgrad in hand, [0s oty
thicugh Lhe use of suck improved wariclics coupled wilh goed, cwltuial pracioces,
thit cosspwn preductn cin have awy Tulory an Tecdia,  Consvquently,  warictal
aelicratrnn Yas roccived considerabkle  attention im orecent o years {Alrabam,
1957, The approaches fe ciezava breeding work at (e Ioslilole invelved STe
wac of Tamiliar wols of wdrcdustion and psaay, seloction, Twybeidization, gonopne
.||"!'|_'|r-:1:|.r'|1. Mk, el The main am |'.||.'i11|5 [r» dl.'.-.-'l.'ll::-]'_l b=lirr wjirickiyvs ha'-.-ing
desieable characters by exercising selections in indiperous as well as exatic vaeia.
ties aod o pregenes chtanod from bgbrdiation  Botween switable varelics or
herwzen s velicties and thesr closely related wild plants.  The wock  has
boenw planned with specehe nhjectives beacing i mind e reguirements oF fremer.
consumer and  indostey.  The cassawa breeding proeramme s furher being
supparted by a well erpanized programme of teseorch in copnate Belds such us
Apponomy, Gnil Scepce, FPhysiology, Biochemistry, Gonolics, Cyiology, Padhiolozy
and Encemalopy  Seerral experiments along theee lines e wndervny but dee o
ik ol cpace wall nal be referred bere Howeever, some of ohe prontizing seloctions
ancl b brisds recencly develiped b the instilele are weclhy of special mentiem.

SE1.ECTIOM

Cronsiderable amouet of diversiey still cxists an this crop i India, It ois fen
that wpnrous selection waork in ratutal populations, i carried oot judicinusy,
could nffer & pond seope Eoe imimedizle impeovement of the el maenmals, In
alditian, it will alse hele ebindmaton of depenerated vitus infiltrated stocks amd
topproductive plants. A programme of selection Trome existing dypos g well pe
systermalic 1esting of The avinlable exotic material is thereBore, actively under way.

Two insroductions (b4, M&Y fram Malava (Abmabame, 19360 Fase Been
fowndd 300 by hiph yvielding,  The Tnsitnie obtained emed material Frem soveszl
countrics and ehe chicf characteristics of snme of 1he proemising  seleciions am)
hyberds deecTeped invdvine cerlein cxotic material ars descobed at lengih by
Mawann wut Appan {1966 c). For instance. oo w2eidling celections (Accn, Tec,
CTCRI-I2T1 and 1210% made after rignmows selections from the Tarae collections
rcaceeed fromm sdadagascar have bocn foundgd to be well <nited o our enmdarine,
They R viehded up tor 240 angd 3 tons of Wwbers nspectivly oer acee wnder hizh
furtafing cnndili-;:nﬂc and the plants _:n]:m ahinwed Tagh degreg of ficld resistance to
"Caseavn mosine T Both theee steonx are found to be seitable far home consumg-
T el posacss an exccllenn conking quality amd rhe zkin af the ubers can ol
b peeled off casily They like abowt B-[0 months for malurity.  Ancther Taigh
"-'1L||:jll'|i_ [ L-IJ'II1h_ I=.|‘."||:\v:‘:!1|.'||| {CTCRI-A000 |'lr'-|.'||:[u|_|1g mcdiim siepd stend ok s
has been made a0 the Dnelitote from 1he Bravilian stock and has been fourd 1o L
perteslacky well suitold oo che indosoey a5 30 persscasce @ srarch conrenl of abea
3% on frosh weicht basie. I respond< well t2 hich soil Eertility. has reccrdel
g Lr 2% lans wiehd per acrs and aln shoaved 4 werw hiph :rﬂg:'r-e: i fie®d meejciance
o "Cassava mosaic U Seedling seleciion (UTCET-2%8% frem the Malayan malcrial
Ty alae e Eowrned 10 respood well e femilezatnn amd 35 a2 eavy picfiler, Tabers
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are credmy yellowih, very sweer and possess pood eooking qualiry.  Te &, haw.
apcr moderstoly resistant 1o “Cascaya miosaic” wnder ficld conditions.  Boile of
them =lso toke about 8 1o 10 menths for matoily.  The waleral OF the alaoe
menlpned selectidns is being sdegquately nmultiplied for rigorous testing oo oo
All-Tidia basis under diferznt agro-chmatic candiLong

INTERYARIETAL NYBRIDIZATHIE ARD SELECTIONS FRGOM TIE 11YE KIS

An extensive  jlervanctal hybridizamon  pregiamme having varied ohjoe-
tivea is also underaay al the lostitute. Several vanclies have been found ta be
diziinctly berter coenbinert 1han some other varieties Testing af indigenous @nd
gxnee varieddes of cassava for thowr combining ability has been a reculur ibon
at the cassava hreeding peogramme. A lage number of anfer-varicial hybrids
lIizve thus been obtpio=d and IhE‘}' are p:'!ln1'i11|,:||:|'|.lx|3r hEi.nE 51|.|;|j£'\-:|:|:|;| L sl:lli.\li.-;:l.”:.-
laied st wield driafs, Tollcwed by critical selections based on vield and several
ather critecia. Int#r-varagtnl bebridicapn in cassayg, aof caricd (om0 oo a lycge
scale, offcra great possibilities for selection of p'ants with desired combinations
of charactert. Being highly holerozygoos, such crossea can be expected ta pive
a wede searepation end allow of comsidlenible scope (o seleclion 2ven in 1he Hmst
geneTalimg.

Acg oa resull of the lacpe scale inter-werielid hybridization programmie ar (e
Tnstitute, the fellowing hybhrids namely CTCRE-F. 87, CTCRISFLSG, CTCRI-]T)
L1E and CTCRI-H. 96 have so §ar been selected based on weld, wipowur oz wel!
as sevetal arher gdesirable characteristie: {sec alse Maponn and Appan, 196625,
These hybrids im yield trials have given tuber yields of 2000 30 wns per acne
cemparged o 8 tons poe eore aven under high femility conditions of the control
Those h],lbrids have alsa shown hi]ﬂ‘l |.|-t|:.'.:|:'ﬂq: of resistance onder field eonditions
to "Cassava mosdic.” The dubers hawve desicible shipe. are sweel in Laste with
low prussic acid content anf possess good cooking qualicy. The matenizl of thos
halakds  1s now bBring adequastely muluplied Fac forther cigercous dosting under
diferent apro-clumate: conditions.

EVODLVIWG TWERED LIMES 1M 2asRATA

Tu wicw of 1he highly heterozypoos nature of the indigendes camava vppos,
perpetvaled throngh Years of sexus] prepagation, o has  bees cupgested  thal
selfing  offers a gond wCupe Eor expooing Lhe locked vp vanizbility for selegtion.
Kushy {19473 and Abralam (19577, an the odher hand, supzealsd that evolving
homozypous lines in cassava for the porpose of exploiting hybrid vigowe offers
the mest peowising line of work in O kmproverseet of gagsava, Howeyer,
eeveral proctwnl dilicuiics (see alsa Ahrabarn, 19373 such as wariable time of
Arwering and Jiforence in time of mutoring of male and Female Mowers in oz
plant, mpid Ings of weld, poor flowenpg and wagnur, pollen sterility, ote., cecn
after twe ta three pencrntions of seliing, afc., sre being faced and no less than 6
generatina of selfing may be rquired o ohiain pvd  bomorygoos lines in tho
material wader study,

Two points nesd 10 be considered in 1hia conredion. Fisl, i is not clear
whether soch @ procedurs is essentinl fur expleiting hwbrid vigoer In Lhis cron.
For, ance & hich pecformng penalype of clonc has Been esiabliched, cthanks o
the possibality of vogetative ecpeodection, it can be maintained withopn diffiouliy
and also rwhiphed mapidly  Mence, inbreeding which iz essenially praciised o
chtiin fixed, repeatable genorepes v seed reprduced tana may not he an casenal



MaliCHIM @ Casymv's ARFEDING In INTH A I— 107

stopon expboaring hyhrid wipour in cesravi, Seeondly, the orear danger of distibuting
a sanple genonype over wide arzas should not be lost sight of.

I1 is covious thersfore, that it woold non be prehtabls woenpley 0 osasmavy
rhe mnse poptlat method of com improvemene, viz., produceing bybcids of 1he bBesd
combining inbreds, bevinase in maiee, which is seel propagited; the chjcetive 35 0
uaifon aupeior populetion, while in cesseva, howeyer, at i3 the supericr individoal,
wiich oo 5|.:|:;|:I¢:|;I| wan he -.wegelnli'.-f]}- l'r||1|[:i|:'t-|ir:d NN an ag,n:-ncmicall:,r Lsnferan
populnlion of any desired size. Fucther, oesther the inbreds by themselves cam e
gxpevicd o siizly the cormnercial reguirements of e crep. Besides, the indor-
rarictal hyvbridizotion programme betweon selvzled wamicles of ke combimins
ahling which has hus fur pocduced very satisfactory resolts as desceibed o the
arecoding section, effurls sine 2lsg being made o» croi one peneranen xetfed lines
nf seleered types wills the Best palliogter. Prodoction of mulliclonal hykrid »acelits
is alsn Being comsidered.

INTER-RPETIFIL. HYHBRIDIEATION

Tmer-apeeific hybridizotion and seociee analysis cacried out oo differeol areps
haveg ':.'lFi-‘.‘-I'I'Eif N[ Ew iLEnEs ﬂn[ i|:|||.'r]'l}‘.-'r2n'|l:'r'|l af E‘l‘q:lp plEJ'.llﬂ .am;] ]'I:'L'.-'I: Ell-I:EE:-lafull:,'
vaniributcd to the develonment of pwiically new and  betfer tvepes. Howewor, as
ramgarsd oe orher conps, cassovd bresders have not ver serached the surfice m
unificing dkv penetic virubility cogutring within the species in nature. Added o e
enazs i the culiicaned 4y pes are the vasd array of genes o relaled "spegics” whigh
PrEsass Tearenirs of 1|n;"1p|-.’&-r-:‘:|.| gE‘l'lEIi:,: rharacios, in:_'-::-rru‘rrulu!n af which  iabn
ther culeivated vadeties would appear-io be of pime impomanee ia any  modern
casscein hresding progranrpe. The ransfer af chavacters (com one taga 10 anathar
iw net on'y af great. petential, practical imprrgance, bot is of considecable peuciic
tinccesd ax well. MOIs therzbore, important te exiend the lisnes of fracsfer s lee
ar possible, In fact, mesdrrn advances in cylogeneliss, embryo culture, poivploidy,
vne ol hridgiee species, aliem chromosome and peas sohsitution amd  arher weeh-
nigues ary expanding the range of spooes Tram which desired penes can be
buoatroneed 500 85 ta make the commerziel varistivs more saitabkle Lo corcem huoan
needs.

All spacies of 1he larps genus Maeihor ate cunbined os wild plants oy he
American tropics ; nn malive species are fownd in the ohd worlgd {Rogers, 1963},
Thure are ceridin “species” pronp i the penos, the pregrese of speciation amnng
forme of (he same grwp is comparatively wezk, 5o that related species are onp-
necled by ince-grades (sce Rogers, 1965 Brodluay, 193% and 195371, Croizzet, 1543
and Jenrings, 13595 Yery fow “epeches™ hove Been wied o Faroan the Srecding
Hugrammes aad this may prabably be due o the non-aveilabibby of extencive
eposific etfectans a1 wanros reeerrch veniree Howeder, some uschnl work pelating
o bnter-specific crossing for Beeding jpwprescd cassied winrleties have boen
repenied. Far instanca, im Joviy, Kech ffor detolled seference, see Jepring-,
1950} repoited suecessful crossing of easiava With Mesihet plesoeer (Crar
rubbery amdd & aichotoma [ ladnie. Menfcoha mabherd 5 in East Alfrica, Michalg
(1947) and JTennings (1957 ) deseribed ahe oie of Mg epeoies Loeether wilh 1he
tree like sperics, M, catiegra apd  two Wwerbacoous speeics A sazeols aml Af
vretirmatang , M. glamewid has also been wtilized cxtensively in the cassava breeding
reprivad Trom Madagacear (Cours, 1951%, By sovera] generatione of back ersses
of these hybrds o cassava, new types of cassava, hichly resistane me wirgs diseiees,
were svnlved whicl led @ preatly fucreased vields (see Ann. Rep. E. African Tual,
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st Amam ; Nezhols, 1947 and Jenfings, 1957 & 1863).

Crosses between Mamifne erelanedasis and cassava were veey fertile and the
Fertiliey was maineained io dlae Ivbrids (Jenaings, 195%), The Azst 2nd subscquent
generations of these csses were very high yielding. The specics Das becn foaond
[ b 3 very valuable source of new peacs for zasgavy smurowvement, He [el chat
in view of 1he readiness with which the 1o specics  inler-cross, i i doobelat
whether thens separation as distioct specics s justified. Bolbers (13530 arrieed wl
thy same senchusion fur A, saricale whach alen antec-cross freely. [n India, Keshy
19450 amed Abraham [14957) a'so repocted successful erosecs  between  cassaws,
znd Ceara rubber followed by several pencramions of back crossss with  cassava.
Chernical swalysis of tubers s vnderway, before they can B celeasal lor gencral
celtisotion Kezemily, Mapoun, Jos smd Appan (19473 at the Tostitute have alss
spceesefully mede this crass using cassava Bs the female parent and M. plamoey
g5 the male pacewl. Fachvione pairing was foogl 0 be apparent'y normal  and
cornglerc alimq the crtire leopih of the bivaleois in the FI1 Livbred, with  tha
cxooption of one hpvalent which shaved vory smaal] sermenal oy well as iner-
slilial won-pairing sepments. {ne bivalent aiso showed ‘aose Dairing v sohad
cczions. Fiphteen s were weoally presenl a1 BT, thnogh areasomally o mothee
bivalznii ~liveed the rendency 0 wparats prucu:'lwsb' al thie siags. The average
|:]'_|i.|-_=.r|1"|. frequered at MT (oncan nf 20 cella} was found Lo ke 1703 per vzl Al

Lo of the oucrosporocytes analvaed at Al showed 1 to 3 lappards. A foor lapping
:hrnmc:-mmu were algn nared in abooe 2058 of the colls g AL One fo owe miceo-
raclen wers nocaskonal™s prosend at the spotis stage. The 191 hybrid showed a veryr
high depres of poellcn steiilily,  The femals fecliliey was moderace. A hackeross
prograsune with the cassovo parent has alio been tiken np.

Tt maw thus be seen that sansuleralile scape exics iv intensifyng the wotk of
inter-speci iy hvhpd@anoce in the penos Masdesr, as large pembers of "speciea™ hawve
heer reported in the ponus fxee Jenqimps, 193%), bt horwgver, g5 stated above,
omly 3 lew tpecies have 5o far been weed o the breeding wropravames. In Jace,
wery hitdle is known 10 the bregder soncermang 1he remaiding Gald orms In vicw
OF the grovwing inmatoeel vt criapan elie Toopicy, cussava breeders witl in the near
Fature Be faccd with increasicg demands tor high yiclkling,  discise and  pesl
reselant eypes having several other desieable wdlves and storege qualitics and
qualitivs szt sFvinz thea demands of the indusiey. TRis can be greally macde possabwe
only throoph imensive calleclivns wnd eswembfupe of 1he enlite perm plasm of
Uns penus from arcas of cligin end cendres of  diversicy aml  assessing  theyr
perfnemance an e waricos suiftable contres of the world deabing with the improse-
g at of e ccunameeally mpnitane erop. There s an uraend aced Tor inderaadonal
co-npecanion or eollecticn. maintenance, mullip’icaetion and proper evaloation of
ilis vast diversity for effective sorcemng and Full exploitadican of  woarces of 2hiv
genctic diversaty in improvement wiack ir thiz crop.

RBERIGTANTT ERLCEMNG

The increasing imperlance of discases has stimulated considorable indesest in
resisiange brecding. Do Tazt, 1his is one way of slepping up peodociion by remaoveng
the “hettleneck™ grpes [Joshe, T9A%) which 1gnd o limid the cxpression of the
inherent yie'ding akility of the planc under the influence nf tafaenneeable onumm.
anentil conditions inghuding discascs arl peses. ASanongst the discases infecting the
cenp, “pssava mosade™ i3 a foctor seciously Timiting production of cassavs in Indiy.
Though, cuntiderahle research work on diferent aspecrs of “caseaiva mosaic™ znd
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beown sircak have beon done in Migenia, Fost Afriza, Madagasear, Beazd, eic,
[see Michuls, 1947 5 Jermings, 1937, 19680 2 and b Chant, 195K ; Silva, (962
Jamesom, 1964 amd cihersy, liole altendian, has, howcsen, boeon mal g Dafia o
the problem of brocding vameetics resistant g “Chassiva mesiic™ disrases. Intonsi-
heation of rescarch oa 2l aspects of this wires discase s, dhercfers, ap wargzae
nececsity in wivw of 1he Tavages thal wices discises cause.

Thie discaze is caveed possibly By & coanplez of vitwses, The wims dicease
syndenme of cissava plicts a5 catremely varied. Hoaweser, the chicf sympdom nf 1he
“Cinzava nmsake™ disease s e motting of the leaves  due o degencration of
chlerophyll. In scverc cases the Ivaves bocome sramdl, curl and ped disboaocod. The
leal Blady pots redoced e o varrow S1cip along the veing ;o the mdccnodes are
shortened The plants remain markeddy slunled and fomm Gew and small tuler,
The Ycaviava Momiie™ i carnicad by 'A'hih? flizy of the geaus Aemeiir, Lot iz wlsu
disiributed by planting infectcd stym cwttings,

Adeguate conleol af wirws diseise n aenerul presents considerable diffecuwelties.
Eopueing e Jiscascd planes wheever posaible and puactical nust be practsed hut
‘kis mrethod does ool ensure complete suceess Simlarly, eradication of vectors of
the digense & nol contsidercd practieal. Therctore, the centnnneal and  prsctical
method of control i5 the develupmicnt of resistant vamelics, An esseolial pre-
requisite bon Brceding For disgasc resistomec s the availabiliw of o sorable soancy
of residdapce The desirgd resistance may be found wilhin the cullivaied specics
rsclf oor crly im dhe mefated wild specics. For o obeinus  reasans,  the pesistance
accurrimge wuhin dhe cwhivated spevics 95 snore desireble since i cam b more
casile teansfocrsd to an othorwise supenor but susceptible wavictw.  Furdier, for
succassful plinning of The resistange heeeding progranaue, an apseaissh of ¢he pechia-
nigms of resistance and ite penctic basis @5 quite essemptial.  Tao faer, a0 i wnry
destrisle W secory & reliskle piovorg of peoste mezchanism of resistance at a5 early
a stage of the programms a5 i possih®e, 50 thal the bresding programme eceld e
apr[wnpriately nriented to suit the situation. Routine desting of genelic singks wnder
noturzl conditions may Teisd e evolulion of warcliss  with assured  degeze of
wezigtance. Considening the cconomie nmepodance of fhe disease and in view of the
foce that very Nittle anlention has heen paid in the past o thie diseace, 3 coonpeo-
heasive Wirus wnir has  receptly heden eclabfehed in 1he Institole o0 deal wh 1he
“Cassinvn mesitic” disase awd inher virns disgiases of seme other wober creps. The
progeamme of work on breeding  virvs resislant, cassava  varictics, in geng ral
inchudes

(1 A swregy of the lecidenee of “Castovp moeoie” o different  cossey
vanieties in vanous apro-climalic lncations.

127 A stwdy of symptomatobopy arnd of the estimare of 1l Faswes i vields.

13) Diffcrentiation of resistand end susceprible gemodypes and utilization of
thi tezisrand siocks in lvhasdizannn peagrammes.

(4% A study on 1he biology of the vinges, thele  modes of Eransmi=sion,
pathalegical physiofogy of infected plancs and 1he pepatice of The disease rosiglance,

As alrcady staled, the value of gorm plasin enffection and the TEaper vy o
syfecinaticafly sereening and soceessful's unieing it in an oactive prormmme of
produciion s well as resstance broeding cunnot he over 2mphasized. Information



e~ LI{ ECHIT D HOWFEE Sy P05 ILs

on direise resistance, both in the indigenous as well ar available cxotic types, koo
bring conterausly gachered. The bciriots iy also Turther eaplimng 1he pessibiities
of cellecting superior germ plasm oF cassava frem sewveral parts of the workd sn
s 10 seoeen armd weane erwore and oot sourecs ol oresislimoe with B oview o
increasing Lhe poo] of cosistance penws for sucecssful breeding of reaigracy »osicyics,

The exctic matedial olready aviilable at the Institute is being crifieally soodied
from two angles, (i) determining f any, of these exotis varielies comld be diregyly
psed for cualtivation, (i) efective wiilizabon of these malertal &2 breeding fioos.
In fact, snme of the mew selections and hebrad  combawiens of  ciswava, e,
CTCRE-300, CICRI-IIID, CTCORIFLSE, CTCRI-HRG CTORT-M.92 recennly
dl:l.-lﬂl.‘:-pud al the [ustilone Bave shown g hlgh dEng:{: oof feld resistance 1o "L
m:nsgic’” and have alsg peowved o be heavye vielders, They are now beiep furliir
sobyected o axiensive lihormary foalg o “diternne the Upluliny o 1he csislarge
Lo wirws infection and ihe stabilily of aproromic qualities.

GENOME APFROACIT TO CASRAYSE JMERWEMERT

A considerable proporiicn of the forma in varioua duher eraps wilh which the
plam hreedder deals are in fac palyplaids which undoubtediy pose many difizullics
i their improvemcne. RBofteaw {1940 haa reponcd the naheral oeoumenee of
pelyploid serpes oF cassva in Madieoscar, Tonnines 19683, taking ioto eonsidera-
Tian the chromosome ooniers of cther gonerz in the Fuphorkiarese 1opcther with
evidenze frum duches o meiasi= 0 the species wsell cuggests that cassava iz an
Allepalyploid. The polyploids, whether eotopoiygloit or Amphipotypled, pocsecs
hichlv buffered penety: zys1ems,

The befferning is gxpressed o pelysemic inheritance in autopalypnids and in
wilcrgenontic episalic effects in amphipolyploids with the ecsall thit nless 2 paly-
inid 15 reduced 1o s basic gernmes. a0 may e be eaey, unhks in disleids, 1a
frear the problems of inira- and inter-genomic repatieming. Wha can be arhizeed
when the tequisite Masic kpowledgs s available, is strikingly  illusoraicd by e
merceting work with whear where sacl penome approach has paid considerabie
dividerds, With g wigw to evaluale 1his appraach in the improvemend of cassava.
e acdditinn 2 anpalysia of intespecific hybride, 2 pregramime of aifiesad ieducrnon
of haplokdy feve review by Magona and Khanua, 1963 for termino’ogy classifica-
vivw ardd werliey of heploidst in some of these  crops hos reconlly Becn ivitiage)
gt e In<iifmte. us.in_g sevEral '-EI'."]'II"qu‘IJtH im’:]udiﬂg Aming -:'-Ihi:r.s_ [r] dn:la],l,:d
pallination, {ii1 e of abortive pollen, (i) distant hebridization, fiv] high and
low temperafute, (v} irradiacon and (I Trcatmenr wath vanmngs chemicals. Thers
im o doubt, however, chat fheir vse cime be prisctical on'y in the arops whew they
cam b p'rl:ldl,lpl;:d angl yoroosed in fﬂ.i:l']:.' |:1rgn: rimbers as Bas heen Tmund i
cormrnercial potata By Houoas and Peleduin and their onl'aborators an the Tniver-
sity of Wisonnsin, TS AL (sce for review, Hougas and Felogein, T9358). Riconchy,
anabytiz breedine, which involves, @] resloction of o polyploid o brs diplood
coumprurgrts. (B intensive breeding and scleglion a1 the dipleid syporophyeec Tewel
and () resyrthesis and testing of the pobyplmd Form. has beep oriocal™ discuswd
by Chase (197%) outlining the ndvamiages, operadive sieps amd assumprings
imvalwad im LAs racdical approach 1o e mprovanem of sevoral polbeplaic sl
vaficlies. The clicf chjective is ta reverse Lthe evolatinnary paibwaly, Trum mnly-
pioidy hack or diploidy, with 2 view to amensify zelective breeding and o o1 ghe
stage for retracing the evolodionary sequence from ancestral diploly io palyplardy
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with genomes moulded mote clesely o curment human needs (Chase, 1%64]. I
i thus apprrerd Dom e Jeceo wn:!k un poraln {see _fl:lr weviow, Mapoon pf ol
1942} ihat such =p approach particularly in vegelalevely propagaled crops e
which lid1le ar pa geed production is requued afords pood possihifitics of inproes-
menl and re-fashioning the polyzicids inlo [urms muere <uilable to our orcsen

neds,

PRODUCTION OF CHROMDSOBMAL RACES

Anciher ling of approach in the cassava improvemcnt prosramme,  besides
h'g,'bridrnl:inn and ;l]‘t:||:,-li1: metlads of hrl‘.‘tdiﬂgl which warraois 'ill'.--.':ﬁ!'igal;mr, it
lhe prodcection of cofehiploids a5 well as “triplnids ™ Groner (1%41] and Abraham
£foal (1864 described calemging indueed tevraploids of cassava, " Triploids"
(37 = 54) were also obtained by e Titter authors by crssing induccd wecraploids
with semy nf the cultreated eassava variclies and fhey were found o be swperior
to colchiploids in yield and sometimes cutyielded “dipkuds™ {22 = 38) alsa. The
relidiee mepdt af “ripleid” (3= 54 cassavar need siedy. Triplsides have Deae
thown as supeder cultivars m osewvers] crep plants.  Marks (196083 atoucs thal
ther survival as coliivars esns that they poosess cofaio sclective advandoges et
cullivars. advontages often woncomilant wilh taplody pee se . Teiphsd cultivated
hanaras have been foond o be better in productivity vigowr, steriliey end  vasi-
ability  (Simrionds, §9021 [0 osupar hect onk American Apples  alse, triploids
e suppzrior [Allacd, 19607, Kikara {19515 repods dher intea- aml in!-:u-l.dmhLI
1r|_|'_||r||-|;| witkepmeliing gre mnsh 'R.IIFI'LIH'IT I vither n;_'ll|;|]|||n:|5. ar I;l_l.ruplnllj-'. in '.|-:,.’||;|_
por unit ares. Similarly, Latsen [(1954% recommends Beeeding treipioid: in Adnus,
Botual anel Populug becaoge of theie supoiicr groweh 1ates aad vipgoue. Maks
(19660 suggests thae relative mecits of triploid cultivated polatocs Wwarrant
inrestigating,

Ax cluted £arlior, &1 cultivated indiceoous 1ypes of cassava thos far serecncd
possgss 20 = 30 cheomossomes,. Therefore, with g viea 0wt the viekding potck-
tialitics end adaptabitity of colchipleids, 1etraploidy has been sucecssfolly snduced
Uhengh cofehicine trearment in a fow agronomically superior varictivs f cigcavg.
Tre colchiploids possess T2 chromesomes wnd the materizl i now heing sde-
guotcly roliplicd For lerges scale viskls trials. Thes: indoced 1ecraploids e aleo
beimg srusscd with snme of 1he sefeeted coliivaled 25 = 1§ types w0 as to produse
"tripfoids” {3p - 547 A& [few secds Bave abrzady heen cbtained and will e sown
shorily.

METATION  BREEDIKL

The wse of rediation 1o produce genetic wariants is 3 wsefol ool of potendiat
walue in agriculiure, capakle of beanye empluyed as an adiooer e conventionat
pracedures, Drsides. ather vses, this sechoigue bas Beow Fowml panicularly useful
i rectifving specific defects in otherwise decirehle wacieties, (Hher ciluations
which radiaticm hrcading mipht be 3 method of choiee are where tight linkages
have 1o b2 broken or in the intradoctivm of specific chataclers  ospecially ines
eegelnlvchy peprogiee ploaks wherc the ealreme helerozvgoziny is hk._r-.- tor make
recombination brecding difficult §Mackey. 1958 aod Tral, 1082573, l_I'5.||1.r;_ 2 wiks
variery of mulagens, a mutalion breeding prugramme in cassava s been roken up
recenily il the Instatute with The hepe that noce switable freatmerds wnd handting
1f~:hmquc5 are rehined in this material. this methesd ewld also he cxlemsively
vtilized in felure cagsava beeeding reseorch. The polypleid vondition of cassava
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¢Tenmings, 19631} may not be of any handikap o muation sork sinds  recete
results wath polypleid crop plants (Swarminatlhan, [957) swgpese thar polyploids
becayze of their greatec variabilicy afier mutagenic reatment and also becawse of
theit greater bulfeding or homeosintic capacity, amght lwrn ool 60 he particulany
suitable material for such ncdroda. The cadianon pragramine has been taken vp
with il following three ohjectives in view :

{1] frdwction of mutations it sespeed of specifie characters !

Tt is fzlt ohat to bepin with crpdidion of popualer wnd otherwis:  desicable
cazqava yarietwd suffering from any eerions defect or defacte, Liloe lale matority,
non-flowering habit, disexse ar pest suscepribifcy, lodging, o, may Be taksn up
1 gecyde mutanrs free frome these defects and thps rehabilicate Uy vacietiec for
commerical cubtpeption, A Ty Jarge amownt of materia] of cedain desiceble
camumercial vareties (seede, varying sizes of atem bilz, ete ) of caasava wers
irrpdiated with one physleal mologen, 2, gamma mys 1ekmg advantage of the
Taoalitics of Cobslc 60 source and dozirnetry cell st the Indian Agricwlovs]
Recearch Institate, Hew Delhi, Since the optimum deze of irmadiation hed not
beon previcuely determined, 8 wide ranpe of treatment hae hean iried in each
case. The matgcial thas feemed bas almeady been planted in the field slong with
the ¢antral  and i= being screened. There appeets W be a oifferential waricdal
tesponss o the treaimeny @ven. LoD 50 for eech vamicty is bring established.
Furdher, ircatments with other tewo phycicsf muteagens viz. X-rays and neoteons
are also being aken up. Sance b i posRible fo succersfolly sremmate even z single
Tnd in casseva {the dechrique of cingle bod colture as Teow standardized and
Alse utiltzed 1o hest advantage anang ather ags By enturing mapid matiplication
of the casseva metzriall the chemical mutagens slse offer mood paseibility far
meximizing the mulatiomn [requency and (he waork in this diteciton hes also Been
ieken up.

(23 Inductron af Taploidy far wtility In sewerad batic Fundamental ag well as
agphied nroblems.

Becpuae of the greal theorelical and applicd potentlalities of “haploide™, a
number of methnd: including, the wse of radiations (pollinations with  difer=m
dazes of X-ray or gamma ceys radeated poflon o hebrideration  prormamme in
zefecu=l  vamietics hoving sudablz penetic markers with the hope of peoviling
ttimulus to the =pp ta develop parthenogeneleallyy i being toed for the artficial
prercducrsan nf “haplolds™ 1h oassava

(A1 Ta sty the spectmam and nature of mulaions induced by different
muotagens in doforent penotypea.

Sineg the tpceett m mulaticn breeding wonld depend emo the frequency ard
variety of mutations induced, 1he drcated maleria]l will also be studied in repErd
Iy ypee of mutations jndoced by different mutegons and {ceatmesd mathods.

EOMMARY

The ranpe of available genctic venabelity in the coow 35 presented. The
onnortuties of frdher impmvrement of cacrava, theouph efficient cxplojtation of
the perm plasm reacrees availzhbe, seem exceedingly preat. The need far con-
dueeing combined sty of morchoiesics). ovtobzical and  penetical aspecrs in
urriving wt & more netural, botgnical flagsificsdion based on ancestra] relatiooships
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his Been stressed sinee such knewledpe is imdispensabfe to the breeder and plm
finca imporiant applicarions in cartain other felde. Problems and approaches of
current nlepsst pn relation 40 penduchon and resistance breeding  have becn
discusscd.  The chicf characteostics of the selegtions and high vicldwg bybrsds
recenitly developed it the Institute ac¢ boelly descnbed, Wark relatiog ta aotor-
gpecific hylndization, prodoction of chromesomal caces and mutatien Dreeding
and their implications it lhe cassava improvement ace briefly reviewed. The
fenome approach 10 cassava improvement has been discussed. M iz sopgeslod 1hat
the sepamation of the intragenomiv a4 intetgenomie phasgs of plant mprevemeni
offers the cassava brecder considerable scope for better genetic cootool that
preseotly obiainesd.
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THRCUSENON A

. Bugers :

T won*d ke tn exk vrae. wnd pethaps 211 ot ithe ethers whe have ketn Rere. this
mpeerion. Iin yan haeve apy JiMeoley Im geitvng a swllible srrsngemomt for selAop
these plante * Tt bRe ben myw exprocnee, thal yea de not hoes Inforeseenec on Hie
planls whewe the femnks and fli= arale, 2re aven 2t the same time. Aaw due you 2o
phamt peing LABresdlBg a5 8 method o fha Improvorrsant of cofyavd and how *

L. Mapaon

A< ppgatds dowerlne of caxsnvo. it mov br palrted mal thak 3 fod pnomber af
cessawa Lyie=p Reave neyer Beepn Enean o Oower, Sleflliy 8 &2so rommon In 176
eran which kbR horn penpoestet By weerigtlve meana Fae Phaesapds of wears. Ag oa
reaull of soreeniop. A varving Adefres of male slerilisy har ern recorfmd amoby Lbe
grallphle ég@mava refpetlon at ot InstHuke and ae stated, predousty, birey Bve types
bwe bren fouod o be cumolfeicly male adeclle. A*temols are ondeowsy e sfudy
the physlalopy af fL0WBENAR AT4 pR the whole, 11 13 eimed sl

(11 =svmcheonination nf finwerine In varledes to e BvBeidtzed.

[2Y makinZ ooh-fAowmerinpE  and _‘!ih:'.' Aavwering worfetles 1a hinonm For ctorsng
purriaer  arwd  alsg fAcillisbing crpsing, U posaible fuchng L= whoke year
aroirHl.

W hove alss 47 cuc castaya Collortion woweral tvoes which fewer focm-lr sad
“he poormal plamed belneg monafcipus, the femair fowers b 1he base nmen firdg spd
the Mok Arwrrg ot lhe top do nobk ma'ure antil B ta 10 davs lgter. Solfice up #a 3
W A grnerailons can e manaeed comehaw Ip the Tare < proactleal dIEcultirg spoh
¥ vadable fine of finererdng snd differencr in bime of welurine of msle and female
flaswTa In 3 plant. ropld 1oz o @old, poor ArwertsE and vigaur, oollen steriidy el
In acder e da further ooibing, wegetslivr mullplicatinn necde g be Intergotatcd pod
na leas than alx generallons of AT thar B reeabred to obtiln reesemeble boma-
oo loee In the EXrm w1y heferneyeaus 'rele@rnnim cademcd amalerlal ooder stodre,
The plant: Bemmae waaker ord weoker nnd fewerine booames seartd ftar Hi= fouckh
aeperaticn of seline., DBaped ooF O Inbrecdine wo~K gl ege 1o 65 and in vaew of 1Le
Impertant polul® rceed In the inxt 0f the peaort odainst svobwing hnmanmcgsirs Cbnes
ln caszyus, for the purpase of edplodiing Peelrll wlesyr In thin cran. b jan ke
Hﬂp’haﬂwﬂ that pure 1imMa £roemng Im cxssaro el nnt prase &0 he gBeful @9 A meons
[or procdusing tnprored siratns inm this obop

T, Rogers:

May T ask a gusailom an waor werk. T om. ficsl of oll, owie Interested 19 ooke,
that vou prEed pp onather character For whieh 1 pIn SeTY £lad yow dAld. oamely, ihe
IenHsela ont the supfaces of the rough mobed froup. T de oot knew how 1 happened
Lo miss thae bet T am gled thal vcu found LE

fir. Manioya !

1 wnuld ke b0 mentiom, that dn =ame cares, |n Letln Amerlca, 1L & vy difcnle
tn flod & refeTamne om bl leakione Ino relgtiogn t0 maremes and csccgrvg mnd T owaonld
llke i0 ek afl peraony engaged In cagsers resenrch fo intecchange publestioone aad
plaoting meteriala.

Pr. Reofhuts !

or Hngm-a:!-ltﬂ Aheaoul the Acwering of ¢aagova, o planla are Zeovn ot low
pititudes In Bagnr Javs, ey 4o pnt flower but produce very ball planks, Bowevar,
wher Ly are prowT &b A1 Alttude of 3000 [&er they Bowey pEcluselr dud pallioatians
cotlil be taade withoor e ald ef kdders,

Lr. Rogere !

I think that you1 ¢+an get Arcuesd thin far eeeer In snather dircetenn i woo 1k,
Purcly by aecident, 1 discoversd thel I you et cattle Inlo yowr expsrineeaiand pletd,
the =hewkng afF of the apex of tha boyt hea & eonsiderahle effrct towards the Goeaeciof.
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ANDEAN TUBER AND ROOT CROP3: QRIGIN AND VAEIABILITY
— by —

Jorge Leoo
lalAaY o dndann ¥

The human occupancy of the Andean highlands i more than 10,000 yewurs
old. [If the comman theoty 6 aecepted that man came to America fheoogh e
Bering serait and disporsed southwards, then the Andean hightand: offercd o0
carly man a series of habuate thoy were souewhar similae oo the nertherm pact of
Afd,  [he cosl, barren punas wete exceflen hunling grounds The auchenids:
puinaco, leme, yicune and alpach, suppfied hime with Abundant meat and furs.
The wpen onuntry eovered with grass, in the belt between the 3O00-4000 m., with
elear streams and many cawes, was probably (he first area ip wiich mom settled
permanenily in the Andes. The remains of EE Inga in Ecuador and the caves of
I eunicocha in Peny, show thal buntiog was the predominant acrvity of the Aadean
mae BIHW yeara ago.

In the high Andes the frost-free perind determine the groowing season. Only
few plants, grasses like Seime, could prow continuousty.  The majorty of 1he
speejes have developed extensive sobterrancan organs, storsge roots of  fohers,
which are permansni; dunng the frosi-free season they pne wp Ffew leaves gnc
Bowers, the latior comparadively larpe.  All the aeniel pars are eventuslly destensod
by frost, which macks the end of the powing peried. T the tber plants, 1he
uncrgromnl oegans conlinue to grow for some period ofter the acrial parts lave
died; they arz ready Lo sprouwt Apain s asan a5 the Troch disappeats io the nest
prowing seasop. This process is so efficient, as a means of sorvival, that many
ifants in the Andean habitat vavally <o o 2ol seedy aod depend ob twbers Lor
Lheir propagatiog.

Saver (11 has pointed out how casy it is for primilive man tn N3rg wsing
whers s food, Mo the Andes twn Factors may have contributed to domestication,
Errat, il i pocsible thet in the oriminal sestems of coobing meat, wsing hol 2tones
¢ pachamanca™) with earth pilad aronad, sieme twhars cogld be casually cooksd,
and evoureally chien.  Im this form twbers and roois were consumod fur a lung
vinse bofore the invenlion of pottery, & second factor is that the Andean bers
and rots present very abitactive forms and coloration; primitive neas ey Base
callected them fer sueh haracters, and thop Wied ahon as fod,

ANDEAN ROOTS AND TIIHERS

Vavrlow €11 has given 3 Tong 1al of cultigens which he swpposed originaie
in the Andes, Many of them, we krow pow, ice miroductions from oilier arcas,
pizermbled by cxpeditions and interchangs, paricularly during e expansion of the
Inca Empire,  Thix vast political unit covered (rom nodth 6o sooth an arep Iomger
than frome Morway do Spain. Howewer, ail the mdiers listed by Wavibor are
endocubedly of Andean ergin. The mot imponant ere e potatoes, hul thene
apt athers, like ora or cwbie, el feberote; ullocn or melbosn, Ulleeor fisberozns;
mashoa or sana, Tropasolurs fuberoswnr, which are of Jocel imponance. Begsides
there are:  mace, Lepidiant meyenf, 4 real of raller 8 wbeoows hypocatil new a
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reticr crop; and emong the iue rools, orewcacha, Amdcacfa xanthorriize; yacan,
Polymnio sonchifoldis; jicami, Fochyrrhifes shipa.

Tn some Andesn planrs the ficshy and edible tissues extend from the roots
te the lower part of the acrial stems, which in twm &g f the same colour and
griucierr Bnd alag eckible  Such happena commonly in Lhe vacop asd the mauka,
Mirahilis erponea, the Yasr soccody discovercd in cullivalion by Ing. Tula Hea,
frst in Balivia aod later in Ecouador.

From Yeonezuvla to pnrthemn Argeniing, the Andean tuber and revab griphs
grow g Jiferept altilodinal levels: aes, ulluee, mashus, maca and some pdatoss
dlsowe AW GL: arreeacha and yowom frome 2000 to SROD .

In the vast area necapisd by these crops it g difficul to delimit specific
centers af origin.  For poletoes, oca, ufluco end mashua, the bizhest concenimticn
of present vacability is locited between Pery ang Dolivia. Te s abwa in this grea,
wrhore more wilil Yplengm ote eoncendrated.  Wild ullucus are still found in thess
wn countrics. Mo true wild o his ever bBeen foond  In reference to rmashoa
the picture i mare enmiplicated, as several specics of edible Tropaeium have been
reparted fiom Colombia w0 Fatagonia, and this group needs & areful revision in
determing the different species. The faets mentiomed above support the hypothosis
aof Cook (4), Bokesov (1) ard others on the altphkang ompgin nl thess eraps,
which seems mome likely 1han the wew idea cxpressed by Sawer (L3, which
suppeses That mest of the Andean crops were domesticaled o nedhemn Sowlh
AvriéTica.

THE AMDEAN POTATOERS

Tn the Andess there are sevoral gpecies of potatocs thar are sullivated
sogulatly; olhers which are coflected occasiona’ly and many wild speciea of tober-
oly Sofgrpm withool any economic use.  The classiBeation of the Andean potatocs
i, in spive nf 1he efforts of raxooomists and genctcisom, still quits confusing. Theo
are several factors Lhar comeribge do chia sitwalion.  The culfivated potate shows
thillerert bevels of ploidy: 2x, 3x 4z znd 5x; they aroww io very differcng hakiengs,
froom 204MD fro e dlve hipghese level of vegelation; o & possthe thal throwgh hybnd-
izaiion and intropession, wild e may be intrdluced in this complex. The
taxonmy im 5Ll o maoer of controversy,  Bokasow (2] gonsiders as species 5
diplatda: Y. greacdowta, & pemdeegher, B gjeshudrel, & phureja, £ rxbini;
severa] triplosds; 5. chepcha, 5. ferupifilamentuon, § mammilliferim, ¥ chncclo.
5 ruencwrom,; ran etreplokds: 5. taberesum, 8. ardipenunt; ooc pentaploid: ¥
Curilaum

Asconding w0 Dodil (6% abers @5 one specley, § ruberrsiee,  divided in
five groups.  srenoiomtd, pinrefa, chaueha, andigera and  ruberovem; a wmnploid
hvbrdd: 5 X juzepocukd, and o peataploid hvbedd; 5 X cortifabom.

Hawkes (8] recognizes 3 eriplodd spogiea: 5 gjanhuri, 5. phureis, F.
renotapun; £ tetuplokl; 8§ aiberosesm; oo iripleid hybrids: 8. X chaucha, 5. X%
juzepezukii; nne pentapload hybrid: 5 X crrdobear,

MTHOR TUBEKS

The oca or ibia, eabs ufberosa, 35 the seomd luber of impontence in the
Andes: it is cultroted from Venemeela to porthers Argendina. Qutsice thia region
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it is found ooly in Mexien, Kew Fealand and oecesiooally in southem Europe.
Oas wre shon, ¢ompact feshy plants, formed by several clems that sprout fium
the mother tuber. The lewves, s 0 olher species of Chealls, arc foomed by o Tong
poriole with the blade divided oy three pants like clover,  The wellos Soweers show
a wwarked heterostly, they drup a {ew dags after anthesis and very seldom set seed.

The tubers are cylindoeal or gllipaaidal, very Reshy, with Temg, shadlorw
Sayes Thair colour ranges from vellow to pueple, wniform or more intense arcund
the buds, Linlike the potatoes, the skin I soft  Many vaneties are quite sweet
gnd earen eaw, hut nost of the lobers are cooked o prepaccd in chune,

[cas are cxtremely veriable. In the Amban Zooe collection thérs are
sroand 150 indroducnions, They originate meinly Tom bed mutatioos.

Mo o mclboon,  Llucus dwberosuer, belones o the Besclacess ' The
cultiviled 1ypes ane shom and coppact, shile dee wild ptams have long, <limbing
stents.  The Ieaves, cordate and thek, are bright gresn, ofteo with yellowish arzas
in e margins. Acrial tuberm are found sometimeg o (he axily of the Jeaves. The
star-hke fluwers of opeque-vellow cologr, prow a0 cocemes; 1he fruits are capsoles
coniaining one seed.

The tobers are cylinfrical, elliproidal or cpherical, with shallow 2yes The
mast commen types are golden yellow, which tarn green when eapased Lo light,
In 1hewe clnnes chimag rag are commen, app2aring a5 s7es, limes or reladively large
arcas of decp purple. There are glsa cultivars with white, green, earsl, pink,
brown or purple 1obers  Snme vanelies muy be confused with potatoes, a5 1bey
ftawe 2 dark colowr and e velvety surface.  The skin is soft, and the flesh yellowr
and mcilagnows. TMocus are alwaws cooked; 1hey are covswned in large
guantilics in the cilies, and appear in plastic contamers in the best supermarkod.

There is an ample varalioo in this species, concentraled in the Poruvian-
Bnlivian aped.

Tl alvird emeong (he dezser whers is the any, isano ot mashua, Trossefem
feheraser, This plant resambles the common oasturbwm, although b 35 mure
cornpat st has smsaller Rowvers. The sicms are geeen or mddish, and the Jeaves
sheaw L wonsideralile warmaon o frnmg 1hey sre peltace, with 3 1o 5 labes. The
fowers, Jike in nastoritium, have long peduncics.  The red catya forms a spur, in
some cases Iwd.  The arange petals are nf different size and shape. The mashua
commanly sof ceeds.

The tubers arz long, generelly deeply furrowed, cacly Furrowr carrespomstinge
W oan eyve. T codpmation varies from ranaparesd white to nlmaost black,  Some
very abiractive tvpss Rave qubers wilh g desp yellow beckpround with some areas
covered by Kime points Or lings of brawa ot purple.

The mashua tubers are always cooked; they faste like wmips, In some
Indiun commbmidies, where potatoes ar other tbers do nol growr, mashods are a
primary anticle in the diet. This soecies may grow al higher altilades thon the
othar twbers, due 10 s esisfaneg o cold. Meshuas ace algo feozen after cooked,
and in this sy 1hey art more apreeakbles and nutritions.

Scveral hundred clenes of mashes 8rs Enowp. I his been propeossd o
scparals them in bwo species: one woubkd corrcspond 1o the Colombian typos,
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characterized by loog, deeply furmowed tubers, white with pink extremes, with
nomerous rodeats; the second W the Peoavian-Bolivien typss, with yellow tubers,
wiien with dods and lines, and withoue rooes. Tk chardenstivs meotoned do
not scem, bowever, 10 justify the specific separation.

BT AMD COAM LROFS

In the Andean ar+a several et and corro ocrovpa heye been domesticated.
Othecs like the achim, Ceens edolin althpgh of wey amdeol use, may have besn
introduced from the bower regions (7).

Maea, Lepidium meyenii, i5 a Wmip lilke plant which groms =1 the highest
elevatons (300600 1), above the leval a1 which (he common potatoes and the
ether cethers arg planted. The plant exhibits the drpical akit of e puna plants:
a rossete of dissected leawes, aliached to the prownd, ond a thick hypocotyl, the
edible part, rich m starch and sugerd. Macas are peopereled by seed; dla culture
= dicuppeating rpidly (9).

Amucacha, Arracumg rantherrkiza, o the only Umbellifzr domesticeted
in 1he Mew World. T has been introdoced (o Central America, West Tadies, the
highlands of Africa and Cevlon, where it gows well gbove 80 m. I in alse
privioced commercially in the sirbirpecal arey atouad Saa Paule. The armacecha
% 2 wigorous plani, up to 2 fio high, with datk oreen or putple foliage. The editde
part are the el and in sopve cases the ondercroond steat. The roots are starchy,
highly aromatic. and am eatet conked in different ways  Accarding 1o Bukasow
11, “The patlves rightly appreciete the flavar of amacacha which i superior
t prkato, s the insiodd tosts of the potato, & supplantzd o the armacacha By e
aroma of the umbelhifcree, in 2 moderste depree (different Frome celepv), which
rgakes arracacha not a condiment but 3 food, which can be used m B pure atate™.

The fusiform toms, up to 15 iuches Tome and 3 inches wide, are white or
purplish outstde, The Inspda is whilz o vellow, oftcr with purple aceas. The
tran-verial cecewm showe a ring of purple dts and muriage chanoels, saparating
the corted from the ceniral onre.

The cepler of variabulity of arrecacha fies m centrat and eazilery Onlambip.
Tn cultivation it extends to souihern Bolein,  Althowugh there are peveral wild
species of Arrpeecie from Colombia (o Pety,  therg i3 no informadion on the
relmtiomship of the coltiveted armmecacha and these wild speckes, neither |3 & faomd
nn}rwh:'n: in nahive glale.

Tacon., Folwnnia soeckifolle, is a typical Andean Culdvar. It grow [oom
Yenczuels to nonthern Argentma, foom 3000 10 T30 #,  Nothing is mown ebout
its onigin, Bukasov [1] eavs it grows wild in Colambia.

The cdible pars in e vacon are (e roods and the Aeshy pant of the Tower
sections of the stem. Both have 2 sofL, purpleh batk. The Besh B tramapapent
yellow, end cootains nsvho-like svgur. The fusiform roots are harvegied, siored
in a dry cark place.  They ame gaten Bresh amd have 3 wypical sweet Laste. Starch
15 complkeiely absent. Cako (4) says thal in abe cobonlal times, the moots were
t?:;tdnii{“ 1k lomg teips by hoat lo Spaim, and they lasted for mooths in good
C o,
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The vacon = propogated vepetatively by cprowts, The plaol produces
severel serial siems, wilh abwmdant olipe; 92 leaves and slems optain Deracen
12 10 16% of piolsin, tbe yison cowld B oused, ke he wpioamTw, as o foage
Tl

Licarna o7 ercome, Pachrrhiaus ghipa, & the Andean counterpant of the
Mexican jicama, P. erosws. [0 is restricted to Balivia and  parthemn Argeodna,
while I* teberemos govaphing 19 Clauses (37 is the species Jowsd v the highlands
of Encedear.

The: jicamas bave one o7 sever| vines arang [eom & sublectanean, Aeshy
raon. The leaves are divided in three lcaflets, often of diferent shape in Lhe
same plant. The sceds lave been weed 32 B0 insectieide.

Thy watery gweet wools e (the cditle part. They arc calen legsh, and are
consumed n peeal guantites i Bobivin and Eevader, In Peewn they are wnknowp
at present, although jic@nn was an important ceap in the pre-Spatsh petied.

COMMON CHARAUTLRISTICA OF THE AMPEAN TODDER CROFPS

1. Tke iwbee ciops ooginated at high altitod=s — potatoes, ooa, ullvco, mashuoa-
wlfer o gpreat simaluity inomecphologkal gl physiolagical claracre istivs By
comveegenl evolubion, tubers of corlgie cullivars of oea, edatnea and wlloe,
are pactzally not distmpguoishable 10 dhe common  abterver. They  are
similet in size, shape and superficia] taxlote,  Arsc with ced or purple pip-
cerns are fommd in all af then, varying ey g solid palch eoveriog a good
part of the eber, 0o tiny lings or dots.  The pressnce of cod-porple pigments
is 7 commean featere e many Andean plants.

2. in the Aandean wilers, vegeimtive peopagation s e role) polances and
mashuas regelarly set e ogood number of soed.

1 The growih process is guite similar in the wher species mephored above, 1t
is deterrined by a short growing scasan foom & o T mondhs, beiween Lhe
frosr periods: by high dev and 9w nieht temperatures, amd high inaclacio .
Measumerenrs of the weight of vegetanive pats, under sxperimental cemlitions,
in Andigena potate, uliuea, mashua and aca, show roughly arabir curves In
il of them there 35 o neacked inededse n vhe Orst two months, then 3 resting
period of wery sher duration, followed by a final increase in growil, Tar onue
it peitasse thap the fest.

4, Tla starl af yulerization onrecspomids o these spedies approximately with the
blaoming period, and the tebers continue incroasing in st alter te frost has
killed che jops of the plants.

. The wees of the Andean tubers ace guite similar. They are calen primarily
cooked, as vegrlibles. Freedng and doring to conwert the fleshy tulsers inoa
Jey mass [Mchopn™) s prectived with patatoss, ocis and mashuac,
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SECME EDIELE HHIZOMATOLUE AND TUBREROUS CEOQPS OF INDLA
j— b_p —_—

B. C. Kundu
Base Fnsiivdte, Calcuoa, fradio

Many types of rhozomatous 8id Wwbarows crops are fowl in defferent panis
of Indie. dost of them are oot indigenovs and bave been brought to this coontry
fram South America, Morth Armctict o Malaya, AlMbough all of them ee not
pwsed as foad, there are guite o number whick can be probrably utilized a8 ford.
o the presenn cootexn of aphd mgrease of populetion aed cumasguent shottaps of
iood graine in India, improvement and increared production of waroos types of
tuberous crnps as fond sopplememing the sercals are eangidorgd vetr gesential, In
view of thia, = sumvey has been made oo the wild and cullivaisd rhizomatows and
tubzrous crops of India clher Than perato which can be weed s food in supple-
méenting cereala.  An account of such crops is briefy precenled in ehis aclcle.
Such rood fubers as wtrmpy,  heer,  carrn and vadish which are mostly uoerd as
wegerdllcs heve nor been deall with here.

AT ASIA

Alovawa belonging to ths Eamily Aracess is a genus oF herbs bearing shose
suvealemt rhigomes g encislocks wath large leaves.  Theae are abimt 85 specizs
distributed in tropical Asia of which L2 ers found in India  OF these 4. cactidlea
Schare ., 4. indica (Rl Selwtl @l A, Hacrorrhizr Beleoll are egloevated [or
thcir edible rectstocks. The chiosmes of A, formicare Schott found in village
shrubbedes ars ofen silen by poorer classes of people.

OFf the (hrve cultjvated specics, A, indicg s mast importanl, It 15 e tall
apoidd with an onderground rhizome bearng a succulent =wolfes stean, TS0 em
in diameler and aboat 30w 80 cmoor more n length. 1L s cullivaeed in many
parts af Tndia, padicolatly in Assem and Bengal and is widely usedl as a vegeuable.
When the rootstock is pulped and washed, i€ yiglds o pure white statch, The Guer,
oblamed is a light and outeitious food suitable for iewlids. It i3 more or less
mucilagioous aod is more cusily digestble than rlee,

st MORFHOFHALL LS

The genus Amorphophaliur belonging to the family Arvideac has about 42
cpecieg of pen-r.m.gl oor bgennial herbs wsually beariog ome Broad, ]r}ng pelicaled leal,
All the spectes bear corms  In Indba thers are anly 16 sprcics, ul which 4.
campreagloier Blurme 18 the only cdible speetes.  Ttods culealed tlenaghowr Tadis
ahd Ceylon. The ondergreund corm is more gr less hetispherical or sometimes
comeshal glnngared, 20 0 30 crm ar more in diameafer and s of 2 dofl bromse or
yellowish browno colour.  The corms vswally wech (mm 110 2 kg and sometimes
ae high o2 § 10 10 kg In some parts of Bombay., The tubcrouws ooigrowths from
the fully developed corms are planied dunng May and Jupe, Nt moavh core 6
netded after planting.  They maturg in abour 14 1o 12 mooths when they can be
dug Qut.
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Lsoplly piczes nf corens arg boied io water and caleo with e as sueh as
boied potaioes or in curmies.

Calka EDLIIS

I iz i hardsome chivemuatons porennial hecly, @ natve af Tropical Amcriea
and 15 cultavated in various pars of the tropics for the tubecous edible shizooes
from which a kind of arenserong stateh s prodoced, "Che plants cin frow on most
lypes of c.oiks, and wnder fawourgble comclitions heawy yklds of chizomes are
ulitained,  The tybers and tops of plants arc wsed a5 siock-feed ad the sacch s
used as a food Lor childen and invalids.,

LCASSAYS OR  TAVIHIA

Marihn! erendenta Urand? (syn, M. ulifiesing Pohbl}, commonly knowno as
Lassavn or Tapinca, is a low shrabbye plant with a eloseer oo roberoos tocns, |
is & nelive of South America from wheee it hus been inloodoced Lo India, Africa
ond § L. Acsiom courdpes. T Tediy cazava |y LTewn 45 4 suhﬁidiﬂr}- bicad CrNp
tyminly in the Seales of Kerala and Madras, wwhere e area 35 roughly abnod
SO acres  Inomespert b Accede il manks second in mmpotence among the
wber crops of Tndia.

Hince Lhe bevinmog of World War IT when supphies of e Boon Romng
urd  stierche Frogm wesioo graintes were very el desoorbidl  cimsieein wans
conssdceod o5 an impoenant crop in [ndia and had Been creed o mrany olhee S300ca
besides Bemla and Madras, bur wafergnately o0 did met fnd much fuvour with
the people of most areas.

Cassava has several varizlies aod for edible purposcs, sleairs with hagh
etarch and proteln contend and litile or g hydroewanic acad are wsawally coltivated,
{arrava prefers @ watm, humid elimate with ample rainfall.  To doos oor siaad
frost and wsuwally caonal Be prown abowe o ellitode of 900 m. A [Airfly well-
spredad ranfall of aboot 150 cm is considered o be optioam for the growth of e
CIop.

Iw Ireliz cissiava iz wanally pooawn as o puce ceop, bt it cin be prown as a
mixcd crop with wepetal:*es, banona or saeet pototo.  In Brazil the writer has secn
cassava growT A5 3 miked crop with high sl paddy Such trals showld B
uncertaken hers.

Ca<sawa e propagated by cuttings ol cfems gfter fhe advene of moneoon,
Afier the figld has heen tharoaghly prepared with the applisatisn of & basal Jrese-
ing nF farm vard manore, small pits are dug up 10 scwven o ekght <m. apant in which
the cuttings are plonted in a vemical posation cnz o cach pit. Feailisation of the
a0il by (he application of organic memwres and or inorcanic fecilizers is necessaey,
as cissava j= an @ RTABLLIVE crop.

The wicld of fobers wnder Indize crnditinos wames Boom 1 10 12 4004
per azte. In Brinl uider infenseee culiivation in Kerala, yielda up to 20 a8 hawa
been obtained.

COLELE PABRYIFLDRUS

Tt s & small herbacecns ponual, 1-2 M hich with succulent stem and
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arcnetie leaves. It beams o clusler of dfark browe teberous toots. Tie plant o
pown an Indie, Ceylon, lava, Imdn-China and parts of tropical Afnes for the
small ecdible lers which are vied as a substitute for patato. In India, it is woally
grown in the snuth. parscalarly in the Malabear Coesl. The plantz are propeeated
penerally iy anckers obrained from germinating tubers.  The suckers are planted
with the oo<et of rains in May/Jupe and horvesied in DegewbeeTamuary.,  The
plants are alesaal foee from pests snd dis¢ases.  The averepe yield is ebop? 2000
to 250K kg per eere kot undler swilpble conditions vields as high as fve to six tons
can be obteinad.  The tubcrs which are small and blackish brown in colour, are
slaechy =ith an aomatie Mavour. They have a sweetish taste aod a2 v22ag in the
cEmME WAy as polato im curmmes amd in ofher prépartions

COLOCASIA

Cotocasts is a small genos af 13 appecivs of perenanial herbs of which five 12
srx aec repored from India. Omly one speoies O mveedemiz {LisnY Schott* &
plant crnsidered to be a nabve of 5 B, Agia, . e®lensively cultivated in Incdia. Ir
i o very Yariable percnnial chizomatous plan wath laree heareshaped feal Blades
bome on lene petinies 30 to 200 <m hieh, Momerogs varsties are known, difering
in 1he enlour of keaf Blades and potioles and the size, shape, colour, palatability
gnd nutmtive value of the tubers.  Two priacifal proups can be differentiated, one
with deep parple laminas and potioles amd the othee in which these parls ame gresn.
The =izes of whers vary corsiderably in diffzrent varietics from small, ooudizh
ones, 24 ¢ in dismeter to bip and rlongeted tubers 15 cni in diameter and up
to A0 cm py leaph. The Acsh af the thizomes vaey from white 10 yellow ar aranee
to red or purple.

The plant is propamled by suckets ot corm tops or branch twhers.  Thete
are plaaled 8 re 32 em deer in rows AQ 4o 60 o sipact with pepa 20 o 340 cn
in tach . The methad of planting vanes gecarding to variol end Tocality. The
usual planting period is from February te Jufy. although it can be planted thrmrgh-
cut the year. Manoring 65 pswally deme with cow—lung or with mixtores of
chemicad fortilizers wherever avaifable. The ctop has & growing porcd of feur to
etght mowthz, depending on the vadely wied, Durng dthis period. weeding 35 dome
by necnsicnal hneing The cmep is harvested when the Teaves hegin io tomm ywallow,
The vuhers are cwher polied oul by hand or dug up with G spade After cleaning,
the main corms are sepamted cut from the tide ones. The yic’d veres comsideralby.
Wt may be az fow az 1000 kg per acee oF ag high as 2000 kg under Favourable
conditinne

The chizomes, = vecy Aeh in Harch and are used in e same meanner jix
polatn.  They are spmewhad seeeter and mare casilv cooked than polators, They
can ilsa by gsed as feicd chips in rhe same manmer as potaloes.  The Acsh bas A
delicets, nuity Qavour whon cooked and 2 more petrifions |han potato, heing
richer m carbohydraies and proteins.  Trois 2lao 3 geod senree of caleiom endgd
phogphorre When cteamed 1he thinomes contain 20% stareh snd 3% -ugac and
Tiegomes an energy giving eond food.  To such conditing Lhis is liked wery moch
by thy people of Macthern India.

CURCTIBIA

This is & genus of 70 speciea af thizametous heths distiboled s India,
Siam. Mahya, Archipelago and N, Avstralis.  About 34 =pecies cvour in Tndia
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of which anly two, £ angeestifalia ang C. zrdoora. arc useful io the production
wof slarck.

€. anguniifoliy Roxh. —  The plant wsoally grows wild in maoy places
but &5 alze coltivated i come areos paticularly o the southern purts of India
Yiald of abour 200K kg o acre has heen cepored from trials conducied in kfadras.
Starch usually prepeced Erom the toberd, resenables acpowemot steach b somc
extenr and is easily digestible. 10 s wsed i the preparation of milk puddings and
is suitable for ¢hildren and sovalids.

C. zmfoaris Rose. — The plant, 7 native of N. E. India, iz widely cultivaied
in many pars al Ceylom and Chana for the praduction of 4 kind of =larch
coatnmgcially knewn as sfare’. The plant grows to a beiche of abowt 1% ft and
bears green lewves with brownsh porple veing. Tl rbizomes ace  |arge and
flashy.  The ther dacch iz & produel extracied from the chizemes and b wsed oy
4 substitute for armowront and barley, T & highly wilved s gn anticle of food
eipecily for infants and caonvalescencs.  TH ig alsa accasionally waed in canlectinng,

THOITDREA

Miscorma is 0 very large genws of anmoal ywining herbs OF the 50 specics
frend in India only 3 Few are culiivated for their edible 1okers which ave called
‘vames'. The pemus has Deer classifled by Prain oand  Gowrkill iotn wn broad
dwisiong: {iv thove wilh stems twining o the nipht and  (iE) hwose with sems
twimang 1o the lefi. There arg abow seven edible species in India oo of which £
alzte Linn., D. glalbva Roxb. and D. opporitfalis Linn. come under the former
group and [}, balvifera Tinn., (5 erecdersa Barkill, £7 perdphsfa Tinm, and 1
Figpeiela Diennst, come wnder the second group. The edible Digteoreer are cullivaled

mastly a5 parden coops o #s subsidiary cnops with gimger, tummeie, swect qaodate
O MABiTE.

They grow well in sandy Topm soid with praper drainaps facility. At the
erop 19 cabaustive, the feld is manwred liberolly with fanavaed manwre. Boih
snderground dubers ond aeral ubérs [(bulbile} borne in the axils of leaves are
used far propagiion.  Thess are Dsudlly planded from Apnl i July wirk (he anset
of first showers of rapn. The sines may be allowed op grow on the orownd or
arc trailed over slakes or they may bwine on toees osechy.,  The wichl of tohers is
usnally higher when they are allvned o geow no flakes or om trees. The crops
matture in e to cight months time.  Danng this perind, the field i= hoed and
oreeded and irrigated whengver neccasary.  When rthe wbers are fully developed,
the leaves doy up. At that time, 1 stems are cut and the tuhers Jug oo, The
lubers are very variable in size and shape,  They are cillicr salilary, one on cach
plant, or a number of them are clustered logether at the base of the plant,  The
yield of the tuber is alse very variable ind depends on the varery eoliivaed =nd
un[lhu suil ad coltwral treapnents. Yields of he two imipenant specics are as
followa :—

(i) D alate; 2.5 40 14 tons with =n average of 7 doms per sore.
(ii} L escalentz: 5 1o 1] tona with en average of 8 1wons per ecre.

Wherever 1he whber §s sofitury, a single tuber may weigh from 2 Egs 4o
20 k. The tubers aoe comparable o potats o 10sle and quaﬁi:}- gnd are used
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in the same way a3 potale, They form a eheap sonrce of carbobydrate feod and
ace extenaively wsed by {he hill tnbes in the oncultiveted trects of ceman parts of
Indie. They are of preat value durng perkods of acaicity of coreals.

Starch is eatrscded on 2 commercizl scale from the whems of O gl
Some fubers are wsed for aleoho] production,  Thay are poor in protein, calciwm
and iron content, but they are rick In vilaing af the B group.

Some of the noocdilile tubers, s for example, the tubers of 2. delroideg
Wall. and 7. prazew’ Frain aod Burkill, have sicensdal sapaoning which  yicld
diozgenin on acid hydmobreis; the latter forns & slaning matsral for the  padial
symtheas af sex-hormones and cortisome,

HLECHARIS

E. dulcis Trin. F8ww. 5, lwberosa Schult) belunging to the famity Cyperaceac
i5 & stout, beafless sodpe beanng a roanded coros o7 tober at the base [pom which a
large sumber of radizvng stolong each owding in a enrm are developed, The plans
art normmnally found in marshes end maoist places almoesi throughoeul India op b 4o
aliiude of 30040 fr. Toas prupagaied by cuttings awld eoms, T s omore commeonly
cultivated in China, Jepan and Malava. The tubers are dark browm in coloor
rounded or eriopsshaped, 1o 1.5 omoin diaoeter.  They are nch i darch and
also contain some protein emd sugar. They ace considered a3 nutrtious and £aten
widely. The Mesh of the whem 35 white aml of wniform wonsastency,  They e
alag cooked and served in snlads and svups, They are considered as a delicacy
hy cenain section of poople.  In India its eoltivation i@ ety in sioall seale and sn
ne yizld data are aveilable. A culidvated varaty of E. Jrlcis prown io Chins
Ecm larger ol (2. F = 4 cin diam.) and gives a yield wp o abont F tous e

ectare,

HELIANTHUS TUHEROSS

A muberosis, a native of Nanh America, and commanly known as Jerpsalemn
artchoke, @5 a0 erect harly pereninial srop, which behaves 85 a0 anouel pnder
codtivition. It k= cultivaled Tor is edible tubers, throughout Lhe eenperale mgions
of meny parts of the srorld. In India it 35 groown on ahe hill stacions gt an elevaton
oof I o BOHF . bt gan b grown up to 1300 m. [t can, howcover, he growm
unifer & wrde ange of soil and climatic conditions. Tt can alza be prodwzed
cuccessfully even o landa wnawitable Tor many other vepetable crops. Tt i3, ters-
fore, possible tr extend its cullivelion in meny newer areas.

_ The wber have many varetes and somewhal resemble polatoes, bm
with [3rger evec.  From the poind of view of fand value, the tubers are considered
equel o petatoes.  They are éalen raw or boiled or as fried chips,

The mlant 15 wanally propogeed by mbers iy well prepared soil Jiberally
manured by farmyard manome or compoer.  Whabt wubers or picces with two e
three eyebuds are planted 2lwoe ¢ix e eight em deep i rows doring March to May
In the plains and Februgry #r Apnl in the hills. Duwring sacly s1ages of dry
weather, irrigation is necessary.  The cpp takes four &0 seven momnths to meature.,
The yield of tubees 12 froan 4 to PD tons pee acre; higher vields bave lesp
recorded andér Exvwourable conditions.



KDL 0 EDEELE ECHI1 CROFL OF INDIA I— 119

OMOEA BATATAS

Fobatgtar, thee pwest poldo; & native of topical Amedcs 12 being grown
for many yram in diffzrent parts of India and ranks third o importanec among
ber crops, Brotding and aprooomnic works have heen camrwd ot in =everal
places far Lhe improvement of the crops.  Besides, improved varietize have been
chtmned from China and U5, Sweet T:rfrhnﬁt's. cultvalgd] 1% Indin may b
prowped wnites two wain types broadly disinguished by the colowr of the tuber
voily they are the white-skinned types and the redoskinned wypes, 1he coloar f the
flezh being white in borth, Another eype with 2 pdden yellaw Bech bas beer inero-
claved Tromie Ariericy in obetann Areak. SwecT polaig is popagacsd weperatively b
cuttings of ihe vine vhtaingd from e previcaes yoers crup o1 By sproos rais-:a
(e tubers, The former methods & cheaper and Lo asuelly prectiised. The average
vield of Tubers varice Trom 4000 f0 12000 kg per aeee. Several maproved vacistis
heve been evalved by the Indien Apricultoral Ressarch Institule,  Under propec
mran agenieng such vancles are reported 1 vield 15,000 kg or wore per ecre,

Brecer palate is prown owee or less in mase of the Stares of Endia, (he tolal
arca being sbowl MO0 acres. Lt is most eslenstyely grown io the State of Bihar
when 1he areq i neerly Lall of the total Indian aercage.

In Tnddea, sweer poato is veed ag food after Boiling, baking or I?ing ard as
8 wegeLable an curries and ather prepacannng.  The deied whers are olien grownd
inea Rour and wured with wheat flour {or peeparng  hand-made  beead Dacally
known as “chopati’, They ace alsa vsed o vangus 2osfcctions.

MABANTA ARUNDINACEA

Thix is a native of vmpeal Ameetice. As a3 thlanmes supply the toue
Browroob of commerce, it: cultivation hes spread extensively to wmany Gopial
couniies incluoding India.  Tn Ieeia the area wnder culbivatinn 35 comparatively
less, Twn types, Dlog and yellow, called according to the colour af {he izomos,
are usually grown,  The yield of starch from O Dloe type s tugher tUan that of
the yellow 1ype.

The plant, srown best o light, well-drained lEIEIIII]." soil, & propagamcd by
means of thipomes, Planting is done in May.  Ireigatiom is peccssary during the
erowirg fericd. The shizooes are ready for haceest after abool 1011 mombs
after planting  The yeld of rhizomes varies from &-T gong per scre, although
rmwh higher yiclds (12 tons) have been recorded under favoursble conditions.

The rhizomes are meostly wsed for prodoction of starch. Thie true or Weal
Indian arrowroeat B3 an ampontanc mgredicne orothe preparaion af  inlam
fosde, biscuns, cakes, puddings eic. They are also caten boiled apd ropsted.

FaCHYREHTZIAS

Thiz ia a tropical Amercan pengs consistng of only a few specics.  Oine
species, P.oerosas (Lion) Uthan (svn. P, angelenwr Kich, ex THD) is coltivated in
seweral arcas of Toadia fop Its fleshy tuberons cools. The planl s 8 native of hMegico
and Central America and had pow been falredized in vannous ropicul regions of
both Ihe hemispheres.
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The plant grows webl o Ighe rich 2mdy loam eoils sdth good arangements
for drainage. The eoil showld be liberally maowed about o month hefore plaoting
ef zeeds, by means of which the plani is wswally propagated.  Abowr 13 0 20 ko
of aceds ere roquired for an acre. The sceds are sowa wswally in Juns /Tuly a, a
distance of 3040 con v rows which are &0-75 cm epart. The crop reaches
thainnly in aheaan six 1o eight monihs after planting.  To aedee v eneourage Lateer
development of tubers several pruning Operations ace undertaken to panialty
cheek Lhe vegoiptive piowth,  The fubers ate odobrined belome the  seed pods
malune arl a8 thie lime the 1ubers ame tender and cnep- The tebers ace white in
colour and are very variable io sizc and s<hape breing roundish o lobed, twmip-
like or efonpated. The tubers sold io marksl may weigh from about 200 grames
(o ot 1 kg cach, but fuily devsloped rubers e asurig aloug 40 an o dismeier
and weighing abougt 5 to 13 kg are known . The average yield of mber 15 aboul
300 4o 4000 kg per acee. Lo some parts of Indonesia and Philippines yields as
bwgh @5 95 toms per hectare have heen reponed,

The tuberas are delicious and cooling in cffcet and arc categ raw. They
can alsz be sliced and mode into chips. They are highly oulritious and contain
profein 1.47, fat 009, ctarch 9.72, redocing sugars 2,17, sanoreducing supars
3 .03, copper 0. 43, iron 1.0 and calckany Ve 0 ngs 100 g Yinamies vie.. 1,
nibofavin, niacin end ascorbic ecid nre prescot in varying proportioos. The tubers
ace abo vsed ps foddeis. Mature tubers also yield a stacch of supenor quality.

SCIRPLA KY3CH

The plant produges amall, ¢dible (wbers of rrepator shape one to thres cm
in diameier. These s sweetish wnd very Lastaful. It is found uoder sild conditions
oore ac less throughout odia and s sometimes coldvacod w some arent in LUpper
Cingelic Plaims.  Tr faate ey @re comparalile v thiat of the tubers of Eleocharis
duleis.

ANTHOROM A MaXTMILANI

This 5 a Malayon amid which has been cocently inteoduced intn Tndia.
The plant prows under semi-aqualic sitwatons and presteces roatstocks 20 to 40
cm long and 6 to 10 om in diameler. The comms are not Abrows and when bailed
bevzame very aoft and non-moctdaginous and are wsticr than oiher tubenas aroids,

This plant is cubltivatzd only on a very small scale in certaim parts of Bengal
amnd Hihar.
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SOME ASPECTS OF SWEET TMOTATO BREEDING AT THE
EABANYOLO UMMVEREITY FARM

A8 MacDonald.
Makerere Dwiversity Callegps, Kampate, Lwrmda.

The sweet poratn (Tpomesa batatas} has recmived itle recearch atbenieom
in Fast Afice, apant from yericty wials {15}, some feclilizer experimends (LG)
anmid work on virus discases {4, 3, 9, 10, 11, 12).

In “Agricultwce in Clganda’ (13) Bages gives a paoetal revies of the crop,
Hargieaves has a comprehenaive section on the more imperant pess and Hang-
ford covers boelly the diszases, (il is interésting 1o neds thol wirvs discases are
pesl mentmped o this section, which w82 published in 19300, MNye mecorded in
1937 1he pames of fonly sewen sweet pHala variclics grown ad Bukeka motali,
Butemee, Gugamla 73, of which ooly simeen were incladed e a vaicly triab of
My six varicles st Kawanda Rescerch Stalion in 1435 (L5

Yirus discases of sweet petivoes heave recrived o attenticen, Hanslord
first teporied virus discase on sweet pofatoes a0 Eeaee b m 134 and sugpcsoel
Ihat in was tcansmilted by Bemisia spp (4], Muore cecont werk hae besn dene by
Sheflie’d at Meguga in Kenvya (B8, 10, 11, 12}, Theore is a wseful revicw of
this aspect by Martin io 1257 (&),

At Makerers, Aldrich worked on sweed polaloes from 1957 to 1960 and
prysdoged an exeensive review of the ccop i Uganda (1. Abdrich zlto preduscd
a paper (1) on cwest polalo field expermngnds which tecorded  his work ul
Kabanyola an tler faomalion, sirws &fects, spaang and feculizers.

The work an swezr potatoey carricd oul by the writer commenced in 1966
when it was decided to eontinue Aldnch's husbendry  nvestigations  aml ala,
ailer discussions wath e Sepinr Bolanist (G, Thanass) al ¥ -wanda, to snvesticaic
1l appacent deterioration and replaccment of varietics.

After some 1ime the emphasis changed frum the husbandry a e broeding
aspects.

MUTATIONS

Priar to 1961 it wa3 sssumed in Upanda (hat mutason was the soorce of
new varieties ol that vine: deeases weee the cjuse of deredomtien of the existing
variens.

In LP6I examination wo3 made of the sweel potag clone Bitambi, which
is goown or A feld seale o Kabanpwole, a0 determine whether the clone was
genciically purs and W0 doiect possible mutants No cimificanl nanrphalopezal
variations wers wbserved either in the flower or the kal. Reconts were kepl of
fifey-rwo parent plandz and dheir progeny, bt (hers was oo cedance of ane mueanis
i1 1he selectad materiul, although the individust planis responded markedly o
= Cnk.
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[ruring the investigahon intoc molatons it was fownd that the variery
Bitambi produced seed and consequently funthér cbssmations on mutstions were
discomtinusd.

SEELr

Aler he discovery of seed pexducing plants, in a thifeen acre feld of
swerl piqatoes, 3t wad decided o determine 1he extent and possible impgoange of
this cbservation. B wos fond that most of the steds wers arunnd the peeimeter
of 1he field, altlwupgh seede were 1o be foond withine the tizld iselE, particwlarly on
some Kalebe plants which were mcluded by error tn tlie oniginal planing wawenal.
In Lthe swepl podate nwseunt block ot Kabanyolo the dollowing sanietics were also
abses ved to producs seed 1 —

L. Chai Ne, 12 ¢ Caroline Len

2. Eerly Fan 0. Bitamb

3. Karena Moo 19 1]1. Intradwction Mo, 7o
4. Sckolva iZ2. Kyebandula

£, Imredyction o 53 [3. HKalshe

6. Emoko N 11 I4. Magabal

T, Mulalama Ha. 3] 15. EKp®ungezi

8. Nuo 6l Amima $3E M. Mariyjuna

The ooly variety in the museom plets thal hes ool produced seed B Indto-
duction Ma as, althauah vasiclics Kawena, . Moplalama, Mo, & Amem aed
Mamujuna produced seed only spaningly.

Flowsring sweet polaloss growing in peasant Farmers” plots were examined
at every oppaaniunily wosee if they produccd seed. Seed peadusition was observed
frequently in peasane culiivators plois growing in Buparda. Flowering swesi
patatoes have been ezamined in Fanzibar, Taogaayika and Keayx, bt no seods
have been found. Kecendy Trbs, {14} working et Serere in the short proass
nortbem part of Ulgandi, Tas repaeed the prodogtion of a few scods on soms
wvarizlies i ald"muosenm Blocks.

Swesr potato secds resemble small morning plery s=eds anpd are produced
in capsu:h:s ;m’.tuining e to Thyoe soeds. There ane api:mximatt]}- |H,[||:|'|:|
Tatamk:i #ecds o the pound.

FRODDOCTHYN QOF SEED AT TABATYOLO

Eome chaarvations have been mads of the seeding charactzrictios of the
vauelizs in the Kahanyoly muscun plofts.  Bowcatle capes of <exsn angd biglon
mesquita netting wers  construcied which compleiely coecred dhe  individual
virigly plot The pleds inside the capes wyerg sprayed wilh insceniesde at regular
imervals,

After o peoiad of oboervation o0 see that oo patural ceed sefting oocurced
in ehe warizey i the cape, the varicty was selfed Prodection of secd byoselfinp
wils Tound Lo ccowr in the wiristees Biambs amd Magabali.

Alkiuph 1he chisracteristic of self feodity is definile, cars must be faken
in zesuming thao the ciher varietizs are oot self-fostile.  Expericnoe winh Bitombi
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indicated that one may have & Tun of unsucessebful 'sas™ of pollinations belore ane
i goecess[ul For example, of the fifwen “wis' of oolf pollinadicns the firsg three
sels’ preduced pe seed and of ahe pexdl medhve selst oa forther threc set no
seed. A “sot’ af pallinations wos made wp of between ten to dwzacy Gve iodividual
ﬂﬂw:rsl l'l-l,!:ll:'lﬂ_ wiske or lesd 1he tonal ]'.|r-|'.||:|.U|_"|:i.-:'!|n of Aeswcers 10 Lhe CAEL which were
alt pollivaced &t the same time on the same day. Further sefing studie. are
necessary before the ather wirielws can be Jifinitely stated o be self sierile.

Detailk of 1he crae pollinations Giresed oul al Kabanyola are shown in
Table T. Each wariety was Grie tesed Tor sell femilily andd when it was foond o
be self sorile then crowsings were camed ot Work on Bihambi and Magabali
itdicate 1that more dedailed work will be required befors ac can deficiccly b osianed
thal amy variety is in fact self sterile, amd a5 the crosking: wers done wilhoot
emasculation them the clapee of sone se'limg ocodrong canmet be o ggnorald,
naribgclardy wirh 1lie varictics Bilembi and Magabali. Of the 191 Ditambi Noewers
selfed in scventeen 'seis’ only 39 set seed se. 20% soccesslul compared 1o 3262
for the “crocsed'  swecesses: whether 1hes is & significant difTerence connit by
determined wnless Torther studies are initiatged

Obeervadion af Kabanyolo shows thal vnferdilisaed Bnwers @2l ol Fion fve
w en doys alter pollingtion.

Tiere wirnld scem 1o he 3 suggestnn than 1he alder plsets prostuce el
more readily o the museum plats at Kabonyelo hiet Boon grosem continucus
om the same land for six peaes.

Admesl all the Rawers af the varictics in ythe I‘:ubnn}r\uln ATCL Arg TAONE Of
Iess homostylic and only one varisdy, Caroline Lea, was fouwnd o be pin-heterpeoylic
{na anther Ieval with 1he stagraxy.

MATURAL SELLLIMGS

Chhservitions wers midde 2 see if naturally prodeced scod germinated i
1the Feld. Cin el F.’.ahang.-c:-lc- Farm it was ]:Llﬁﬁih]l: tex And sweoed peidinly =ords Vhat
had germineted b2 1he tog cofyledan slape. but wsuafly they weore smotherzd by
The paren] plant and died. For & loap perioct wn csralvshed segclipgs wery Tagml,
wmil 1943 when aboult one hwundred vigeroos scodlinps were [Dund srowicg, w
A field b which sweel poaadocs wad just Been harvesiod. Moogatpblished sevdlings
Tiave hezn cleerved or plods owteide Kobanyols, althawgh mature plants thar ooy
have aricen Trom secd have been seen.

GERMIRATEIM

Mo difliculty has bren expericnced in geeminating fresh sweet potato seeds,
bt if the seed 15 okl and wall clrisd chippring of the weed coar s necessane. AL
Kabanvola chipping 'was done wilh a scalpel or earor bbwde apd one “nick' was
made per secd, The secds wens then soaked cwer pight on very wor Wofling
paper and those chat had iminbed warer were planted ity comprossed prat pots
Grormination was udiklly hebween G0-44%

DETERMFHA TESN L7 ¥ARIETIES

That dewerioriion cecms within $ulivated warictizs i 2 penerally held
bold, but it 05 JRicult 82 prove. Io o would ol seemt thal the  delerioration ic
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assesinted with 2 vieus or virus diseases  In 1P5T Shefield (10, 11) reponted
1hat 1w virdses, atlecking wweel potatoes in Bast Afhca kad been pdeodfed.
Yarus & is trenzeitied By aphids and is a mild dsease. Vires B s tranamitied
by while Mecs, |5 widespread and exists i seversl straing some of wlach causs
severs discases.  Hansford (4) stuted that “the syoptoms vory widely sath the
hoat varieey™.  In another paper (9} Shefhcld repaced thao "o 2cane cates o
obvivus stunting is chown, the symploms being confined to mottkng. or ons funmwer
oly way be affevied or one Twanch anly of ane ruoner. T prolralle thay he
stunted forms are pnmary nfections (i« they arose (rom anfecled wines)d, the
milder Forms being aceondary (or new) nfections”.  Aldrich {13 swppeseed thae
ihe virus problem i mapor in goy work on sweel peluloes, be found that in bis
husbandry esperiments, the e was geatly nceeased aue o viiee allack.
Aldrich alew atated thet & plant 5.I:|u:ernf severe vinus symploms yizlded ooly 33%
afl the crup obtaeed from o wiros drec plant.  Moderatz and hghr andfectiong
iesuled in wviclds of 505 and 95% respectively, Gooding (31 also ssgpesta dhat
there has beeo "widespread Jdegenecation of lowes as a vesoly of viegs ainfcetion”
in Tri:ui.dal:[.

In & [ater report {12} Sheffield refers to suspected inlermal cork malerial
from Dlpanda and eeporoed (o) failore 1o oransmar the disease and (b} vt non-
fTransmisseble abrormalilies similar 10 those seekn in Lponda  {macecial ex-
Kabanyolo} octur in Lagisians, but their coese is anknown.

The pesivion regarding vinws disease and s effecl on yisbds is confused
due to several facturs such 2c  differences dus 1o allilvde efects {8}, wariation in
sympioms between varictes and vaniation in syTROME ok one varicly.

The deterioration picture in Uganda i oven moce confpaed dwee 1o he
[act a1 1he peasant cyltdvarors s#cm 1o hive sources of now variecies, which, if
it i5 similar ta e ofd variely, they thon aeme es the ol variey wilh The peetic
“mew". For expmple on farens aroond the Kabaayata Ferm boundary there are
to be found the [olfowing varklies:—  Mew Bitambh, Mew Kawwnger and New
Marripana.  ‘This conld suggest the ogurrepcs of bud muotanons, = his been
infrrred By Gooding (3) in the West Indies, bub the writes 55 oel of vhis opioan.
g n1le pocaswin g 'p'i.'ii!iﬂg pany of Woakied, wher are 1he man cultestors of huuse-
hold plots of sweel pelataes, weos laken t0 see 3 plot of 96 sweor poiato seed-
lings gruwing o1 Kabanyode ald on cbserving thene they gave names 9 abkeuc
fourcen of the planis in spate of the facl thal the plunts wers seedlings and 1l
pengticlly dlmed

Presumebly if the new variety iz better than the pld vaney it el replace
W oangd the prefie 'new’ will he dropped by the cultivators atter = perind of Line.
Thia oust then cast dovbd oo the Jenotle of tims thal eay come waricty fos beea in
cultralion.

It is of ineecest 10 node the cesulis of rad surveri thac hivee been carced oul
on peasant foldings adjoining b Kahaoyodo Farm hewndary o dotecmine 4he
names of (he varicties being grown locally. The varicles ane: —

Surveyed 25,011,465 9.3.62
1 Fopcbandula* Kyzhandula~
2. Bupcnpge Buinpenge

1 Kalinga Kalingu
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4. Mukutila® Mukutula®
5. Biambi Bilamhi
fi.  MNew Kawunpezit New Knwungezi™
7. Ealkbe Kalcbe
BE. Mwdebuleko Mrudds Buolekn
9 {iavama Gavens
ir.  Nyindoza-mulaly Nyindu-zabalaaks
1l. Mew Namwjuna* BMew MNanujuna®
12. Kifuku Kituku
13 Kashoga® Kasoga®
ld. Stephen Slephen
k3. Mew Doambi MNew Bilamby
14,  Mamweigubnl MNamweznigueriu
1T  Sifumbanga nejsba Sifurmby hangajuba
I5. Musanyusa meza® Kitumba
19, Kitikya ebazi® Kavulu
1. Mkapga H Kyisa
2i. Kuoiemundepr 1 Ex Mikayir|
2. Mpakatebo ¥ Bwancta Bukasi-Bunzize
23, Mwngbore ) Hnw Kalalse
4. Miumbwe irifa ¢ Compo
27, Riwmko®

[— I35

* Similar 1o those recorded by Nye (700

SWEET FOTAIG BEEEDING MUGTENTIAL

The growing of sweel potata seedlings and thear varialality is deseribed in
a2 papcr by ihe wTiter (5], The experience prined v growing same 558 zecd-
lings, «al which 325 wers lurther propagaed  vegelauvely, indiciles thayr the
[lgandan sween potato seed has very gread varibility over g range of chitracterisiics
and that the breading praentiol iz high, Mo ingleded W e paper, refermed o
above, i3 the Fact (hat eight new varicties (finol selections}, which have beon
raised from seed and celected for thedr desitable choraeters, arz now chrowing
signs af having htcfe resistance 1o viros elteck. Io o2 waricty trial of che gighe
selections, plus the comral warety Bitamby, the plats were scored just before
harvest for the pember of plants showing convenlionzl wirus attack symploms
The kast varicty was the control Bilombd, with nver 755 clesn pfants. The neant
‘raised From seed vancly' had oaly just over 30% clean plancz and e wonst 10%
clean  pfames. The diffcrences between the contral varelty Bitambi and the
"rajed from seed varisties were Sionificant a t_ht 1% level. Neo explananon i
oHer=d fnr the Tact thal the vitus atlack in the Bilombi pleds was very moch highor
than nomally observed om the Farm Relds

The gerer-nding :impurlancc of virus resistance was not initially appreciaeed
and the selected varelize were pot onginally screened for wirus resistance; this s
an dzpest fequinng more aenlion in any Mture breeding scheme.

From the wneer's ahservations, d woold segm that thers is considerable
variation in virug recistance, both between 'mother” proops and individwals, Eor
example seedhings walh Ritymbe 0% the meaher pfam appear t0 have more resists
anie then those from Caroline Lea mother plants. and Rarly Poro mather plin
secdlings appear 16 be very suscephible to virus Jueases, Presumably the varieties
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v Iocal cullivanon bave been wnconschwsly selected by the cullvalors themselves
{or virus resistaoce.

A PROPCSED BRETDING PROGRABMMFE FOR SWEET FOTATOES MW UDGANDA

The writer’s capericoce W date is the basis of the following prorssed
beeeding programme for sweet patagoes in Ugnnda,

I & pozcible thet there are as meny sweet potate varietics s Ugandi, as
hanang varietiet, This fac wwnds 1o queshon the need for breeding work on sweet
paelora, straighilorward variety drials betng more apprapeiae aml cheaper, How-
ever, there 0ias beem cumcern exprossed at the rete of deterioration of cxisung
vacicles, ot s oot knowe wheiher varbztics are delerioeating 21 a ruicksr rate
those deye, but as Lhe wirus & of melaive’y mecentl intcodueclion it is possible that
i1 cflecis are becoming rore cvident. I elis g conrect then a breeding progranime
is the ooly way of groducing resistant <r immene variencs, afthough screening of
exinling varisties should also be done. Furilier argument in Eavoor of 2 Beeeding
programites 35 that the foll genetic poténliil of the sweed podalo specicd cannol be
obtained by cosgal a1l doconsgions sclection by acasant Fu]:jvamm; i consalcred
breeding peogrwbme should bz a means of cownderable improvement.  Obserea-
tigns of the ewer! praess Tor 2ale in local markets e Kipezi in the S L of
L'gandy, whene many of the varielizs for sale were deeply ridged and mi:shapen
also indicates o need or a goptrolled Treeding prog 2o,

Genetcally the sweet potaro plant 15 oot a very convenient plaom kg wark
witl, baing a hexaploid (2n — N3, but it has the sdvaniage that it kes not been
expoced [0 very much felectian pressuce due 10 its methed of propaganion.

Allviogh sced can be obtained by conerclled selfg or cressing ot ois not
a very prolfic mean: of  producing serd and wnder such circumstances, it is
recommende] that the major source of seed should be fram open pallinared maother
plamcs.  Howevwer, 85 shown by the wrider inoo paper (5), certain characterictics
aof the muther plants «lo appear 0 bo dominanl and & controllvd <rossmg
programpie should be carmizd oul and the pament= tesied for gaod combening
cheracleristics

Il s ruppested vhul a breeding pregramme shoold be hased on 2 populatica
of 3-5000 seedlings per vear. This nomber is based on the avaitsbility of seed
al is net averhirge.

Large popdlations will he requared an ocder e allow el the desired
charasieristics 1o be combined: —

Yirus resisrence

[l2:paes pedisijnge

Cylas resistance

Palayalilicy

Tolal yizid

Tuber shape and size

Skin colour

Mgt at which veher is produced

BO -l O M e L bl e
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0.  Maturplion periog

19. ¥ine prmduclion {lor propigalion purposcd )

1t.  Resanag sl the mesle wapacity Clor propagaetion
TUIrpasEs ).

All teedlings woull be raised in the ‘egp container® tvpe of fibrous pods
uneal the five o seven Ical stage wlwn (he owHs begin to pencirale the sides
of the pas (3 10 F weeks approxinatelyl.  Then the secdlicgs and  the
fibrous pots ate o be plapied oul on ridges af 2 spacing of 3" % 2° As zoon a5
the seedlings are large enough (hrec cutfings are to ba oblained from sach seed-
Ting and thess are o be plamed on three mounds a1 a spaomg of 3" x 3'. Previous
work at Kabanyolo has shown that thers is litde comelation beiweep the seedling's
tuber chococteristics nmd thase of s vepetalive progeey and thus sekection at the
seedling slage iz uowise.

Acr thiz siage the imdividusl planis will have to be exposed 0 virus cacrying
YEC IS,

O matestion o the weer podatnes al Ave 1o five and 3 b2If months ot
plantr showing vimus symploms will be discarded, plus all plants thet have ather
undesirable characensiks €2 leck of wbers, mitshapod tubers, lack of ving
vigour, clher distase suscoptibility €1z,

The survivors  [less thim M) will be replant=d on a further thrae o
more mownds and clbserved for ving symptems, (Thare appears w0 be a dilference
between plants with a primary or a secandary infection and consaquently one hac
1o go thringh 1w generallons Befors the plant’s registance can be determined}.
Surviving plants will then be bulked up and put into variety triala.

Yines resictant or immune plants (F produced ) would be kepl even though
their elher charaeteristics weee ol favourable, and vsed g a evossing and selimg

PrOETRMIE.
AUMMARY

Although the sweel patatn e i reliively important os 8 food crop In
Upande {SEG,00T actes an 1983 it has had litkle tesearch aitention.  Recant
vhservations of siphificance have been (1) (he ecaording of the presence of sweot
polat virws discases m Uganda by Hansford in T9%44 and {2% the abacrvalion
{hy 1he amherd of reascnably peelific sweet potpn seed production in 1961,
Thot deterioration of seeast potato vaneliss ooours. ia generally accepled, bot no
field sorveys have heen carried owt e aszedr (b imponance or rate of the
deterioration; the position 5 complicoted by the peasant coltivator asalpuing
exiSTIE Yariety naniesd to vew varicties, which mey omceal 3 greater deterioration
rete then i epparenl,

From prcl.imilﬂ' atservaiicms on the voration exhibited by swesl potaie
secdlings [5), the brecding potential of tha Boganda seed is pood.  However, ap*
error in breeding poocedure was made by the mothor, i that thers WaAp fo oToem-
img Tar wirus qesistance gl &n Catly ;age i the prgramme. Eclns::qu:m!!.l the
Kabanyalo sweel potate seedling selections, which appeared (o have combmations
of the desared eharacleristiczs. have had o be discacded due 1o their virus disease
mstaplibiliey.  The wriler hes proposed & breedmg propramme, based oo the
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Kebaoyolo cxpericnce, which sbould comreet thie basic erfor o procedurs. Visual
observation on the exicting culfivated waneties, individual seedlings and seedling
acleer” geweps  ndicate than there 35 & rapge of wlius reslsiance which ¢an b
cxploiled, quite apant from other improvemeots.
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Table I,
Vanely Mo of scta Mo of sela Virstiet (maled
(Frmelz) of pollins= prxducing with which cross
tiong (1) geed {2} fertblzarsn
mecurred
1. Carolinelex 11 (7E) 7 (38) MNamujuna,
Birambn,
Kasunges,
KBnEng,
Early Fort,
Mapakadi,
2. Namupups il (30 Hil
3. Kalebe 4 {1040} 1 {1 Bitambi.
4_  Bilambi IT {1 & (33} Caraline Lea,
Kawunger,
Kiwoko,
Mulalama,
Eerly Fort,
Magabal;.
5. Kawungez = {521 L (5] Carnline Lea.
6. Mulelama 4  {Bd4) L () Eady Part.
7. Ho 46 1 {2 Mil
¥. Early Pud T {Mn 3 (19} Camolin: Lea,
Kawunges,
Envwoko,
8. Mpgabali B {39 B (41) Carolios Lza,
Namiu jutik,
Bitambi,
Eawungezi,
Mulolama,
Kenena,
Early Pornt,
Kiwoko.
9. Chai 7 MY 3 @n Caroline Lea,
Namjuna,
Bitarmhi,
Malaiama,
Early Port,
IL. Solna 5 4d HNil
12, Kiwoke § (a0 Mil

{17  The Bgurs m brackeds is (he otal number of Bowers paollinated.
{21 Ths fgure in brackets is the 1wtal pumber of seads produced.
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CHECUSSTON 3

Az, Williame ;

T have o questlond i pul to the spepiera. The firgl |3 adireaeed o Dr. Lean
and e aes~mnd to Dr. MecDoreld. 1 o*td to make a few poefalory TromeTkd to 1he
question I want te pbt 1o DA Ledn. You have wade meferendd dn Yoor paper tn tha

wide variativnh You encepnber @@ the juber alzc o eoicurnilen wichin single plnly
af yiore. THA T understabd Yo sorrectly ¥

Itr. Leom
I referred 10 ihe varlatlon, o pacticuler, o eclour io game of 1hess Andean tuters,

e, Willlcey -
Within uingle plante T

. Laom
T,

Mr. Wilfiamv:

Or W B Storey From tha Umlversity nt Callfprmia. flverside, found that andg-
pabyplotdy In rootp in 8 Bamber of specled and dlsc chromsaome teductlon and soertie
chroTocdome TeducHon, BTdt ¢HmUNation In geme Oiher plENt sPecles, such an nertpdn
memhers of the eveadaler wic atsotiated with ool morahopencds. T would Mke
o say &= well, thal D 3torey &nd T Hd some evgamdatlon vh Simalle oclls. and
foaund s pame aonggeatinn n tannian. that in the Xentheoenme cpparies. 0 L idehdearps,
I, graciHs, 20d por=el pofato, I did pomie aomakic maamibed luo aod fzond this guggeston—
eodopaliplaldy Aright bhe coanerked wilh the Aiffersntlofion of mats, parMcularlyd with
respect to the ¢rlls which ame Invelved with the sturage of Fléarch end s o,

In the Xanthowma therg are verr Terge plaol cells. in wrhlch can be Tound raphides,
pllas and plles of rophldes. v wou have Ay sdepce In thly crap, the ywes, that
thi penometon mIghl b tmpligated 7

. Lt -

Mo | & nob have any evidenee bot (he oxdis i B Tieh polypiold. IL a8 wery
tamplex groge of high pelhwplolds conterned n the yuen and the coloeoted anglic 1o
the hiph=el polypledd o Uv* PeCigs.

Mr. Willigrmr -

By, MasDonald, | wounld ke to engive whether yoau conaider had dhe abtepes
af geed 10 meny o yoor varleples in Upsoda nnulnil e cannecied with the pnagl-
hitlty that mast of vour culUvarrs ey Delohr W0 the sEme INtce-Sncom AL ble ZooE,
oc In ather wards, thae theta may be 2 few IMire-~ompeitble groupe inm Ugands mened
potete enltver.

M. Marcflonaia ;

We have pob Tooked  lote  thin aspert hut the racd gt emomgal the varketies In
Lgenda 15 10 &vinald fect gqulte good. 1 here no slandardys of compareon te go a0 |
rs0 Eo Into m B2 acre Aeld of Pelamby and collect withged daflenity semwmething of Lbe
obder of SO0 asedn, which are apeo-pllinated. Within Lhe I8 wardetleg that we
haor o thr murepbn W= BEVE dpNE BOME <rosdng,. Sandoledly eoma of e yAplelles
do pol eross periisutpely well — yao maer gt coe or twa skedks, bul the vost mojarlty
ol them wlll cross dqulbe eaxlly. CAroHn®e Lee g3 1 reblvemieer wae glving ue SrE
e=t in eT¢Asee. This meemp guibe crasanable tn me b clher wards of Y8 Aowccg
pHlineted woe copld expect Lo gel 38 cbpsilea. Kormally we only f8l ooe to Usw
Fapdg DaT gapsuls TFARFELY thros,

Mr Willlomts -
1 wor mpilveted 1o msk the quetficn, particulirly wikh referedce to vinic 1ogal
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varlety, berpuse fhece |5 the poasibillty that if 165 is lmue, there may be a few Inira-
jnmmwtlhln Inter-cempalible Zroupi In wouT F'-'-"-??t potainRy wiHen fonld Yolale o
Lhe patterm, the Liskory oI Wlcpdsgbgn of Lhe speeies, 1n other parts of ihe workd,

fir. Regers -

Tr Leon, i cedatlon to the speckaa Iropaealum, the Ore that Eres ol obuat four
oc fiwe bhovsand metcea, what ic the celationsbep of thia gpesics [0 the ipwlad specie:
of Troeprealurm b Ferw?

Lir. Lo !

There 13 no relstbcn.  Appacenlly, this species 15 ©onl fownd w119 aiy anore. AL
the lnwlond elewalion ey gro 1obts of Tropasdlum ‘whlch ace omed om wegrbphbiles,
The leayss Bre hervealtd and arg Anld Lo Lhe market, but o In tbds pacticular
ameiex 1haol Rrow al the bliber elevatives.

Dr. Rapers -

Are Ehaere ewldences, ethnologleal ar erehecolagical, sbowt the ape of thly Trepas
vlum &; W higb slevatoms 7

. fean :
There ir i svidence fruom Lhe cEhnoloziral or sroheeabopleal podnt of wiew

£rr, Bolfudr
Arcg theam gborl Jday or kg dey plente 7

The, Feom

Muost of the plemils Are shart day plents, but We bBave mome wkach are proctieally
Indiffcrent o length of dag.

Irr. fomas :

Dr. Livn, -whpl |s the potentlo] erronmle renge Coc ihese hightand tnberp arpund
the wacld v llow fec will Lhey grow Lb Lhe temaerae wome, end whece might they
grow in lbBe trapica ¥

Dr, Leow;

They lave b=en tried In @veral plecis, For loslance, ooer i 8 #hil= o 6Gog
Deac i e Poos market in Franse, snd thay howes bheen grod io scuthermn Franes
for a while, and 1hey were irled La England,. Abnd dhe femous, Yilpard it wrote severa]
priets In the Mbcedwstion of warae A3 Dro Balhuld menllened, moet of e ace
ahart fay plantn, sa they will oot grow very well beecause thoy peed plenty af gunp-
Igbt end shwucl days. 86 Lt Ja weby AITCRIL 1 grow e In lempecalg zones.

ATracachon oo the ofleey DEnd have be=gn @Erown In many plasee oobtlde the
Ameckras, and slse 1n t32 kempernie zone, ko inagianes, In Sac FPauble in ¥rgzil whers
Areatacha |2 pomumecnin] crop boc the preparatien of  s0uPd epbd a0 oo im canneq
gnd drird malerial | wodld TiHe Lo Temblon alan, thel there e ane pther fubes In
tht Andes — ihey cglbl (L Jpoon — of the: Compnsibee ghpblay o Jerwselem arbehokes
and MRl hes bern tried alza I Ewrof A & selirce of Inalln bBegpuse 1he 1gba) Las
{oulin-li%= propeclica amd Nies Beon brked commerclslly wdthoul miach sweemss. By
11 hac been groem for yrece for that pucpst= Lo socuthermy France pad IRy

f1r Maner

Tir. T.eonm, von made some commetils coneernlng the nubnbtive valus Br spma o
the roat &rape thet ron have studdled. Yoo statced thal aeme of 1Bem woke oy high
in proteio and hepel very good sming ackl cnmtent. Are Lbeee data avallphie. 1T £a,
whers ¥
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e, Lecn !

Thit o g Ltde comfuskng, lhis dags of ming. Ties= teot crops pre ponr o Feod
value, o gen=ral_ bul dode ey ar= frozen apd doed. tken Hhe proteln content climibss
tr 8. ¥har 1 meotioned 85 thet zoinog (e cerenl gued a5 A complemenbary food
with highlond Andess lubers] is an edeellent Sddree of protelo and Dr. Bolbuly has
Jone some wock oo this do HoHaond, He haes publizghed p p2per on ibe sulject,



1—1a4d

YIELD TRIALS WITH INOSCOREA ALATA
—r e

W_ V., Royes
Feeuloy of Agriculesre, University of the Wert fndies, Trinidad.

Y arg, Dingenrcy spocics, are grown throwghoui the Caribbean aree 2od are ol
yarying imporiance n vanous wrritedss. The wollection and preliminery ciscrva-
tun of nearly 2 Quadred <lones by H. I Guﬂding indicated thet there was an
wrgeat need for reliable mfcrmation on @ number of clecacters of these yams,
pspecially yield.

With ilis in view trigla bave beson comried oot over the lost thres years and
this paper presnts some of the resulls,

Althaugh we have gt vel alained any soed of &, alara, ful 0 may prose
difficult to do w0, & number of freely secding clonea of O irifds are in our posses-
sienn 18 was alse hoped therefore dhat 2 knowledes of character variglions and then
intec-reladionships would be ol Mse in ibe execotion of fuluee brgsding programomes
in fNpscenea.

MATEEIALS ANMD BETHDDS

Marerials

The materiels used in thess trials are six of the cultivars of the yan Cherpred
aimta cotleoied by H. ), Gooding throwghow Lhe Wen [ndian region berween 1957
and 19&0. Duning the poriod 19640 to 1963, the YE cultivats of Dorcorea collesiod
were pul thrmugh preloninary aviervaonnn, sglezion and mtophsdion, by H. §
{iucding here al S0 Auwpustioe,

The cullivars andzr teigl were all of the Liston aroup of MHotearag pbtrr and
aprprear Lo be very closely refoted alchouwpk cach 35 a iecognizbly JJliferent clone.
The names obtained at 1he tone of gollegticm aod their acctssion rombera aod dheic
poaze of orgin are Jisted below ©

Marme Accaitign Mo, FPlace of Oripin
Ashmare o3/ 5% Grenmia
Barbartlos 14,57 St, Vincent

I Larper 59 Borhadis
T¥ricncal 3557 Rarbadnsg
sSeal Top 300 St Croix
Limocily Statia 0z /Bl Drominica

Methads

In alt ¢rals fout oonee sections o ker ware weed as planoing material sl
Mege wele pleneed ar 18-ineh inlepvals aleng ridges three foet apart. AL the trials
woere laid down in randomesed blocks.
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In 1904. the trial was planted on ths 2nd of June, weeded by hand on the 15th
of Jofy and slakgd wath Bamoa E:-c'!lh,:-j cat the L&t of Jolv.  The wrial was st
sprayed by mistblower with Cupravit al & concrnirataor of o canze per gallon
on the B1ih of September, and an iacioightly incecwals 1hereafter, wotil the folages
wirs iy, The Leia) was reaped by hand ard the records teken in the 6icld on the
25ah, 20ch, 27h and 20th of Moavembr, and sthe st o] Zad of Tecemlor,

In 1965, the Irial was pianicd on the 141h day of Juae, and staked with wire
angd siring oo Lhe 22rd of June, Spriving i the neemer deseribed Ler 1954 w3y
starkid on the | 5th day of Joby. Weed canwol was offecled with Graocxong and
ihe Caal way 1zgped oo L41h December,

In 1956 the trial was planisd on ke 171h of Moy and staked on the 27th of
Jung with wore zncd sicing. Sprayiog alleroatzly with one ownce per pgallon of
Cupravit and half gunce per gillen i Smsh wiss cicricd ol ab weekly imleryals
dcling on the 1Zch of fuly, Weoeds wore contrelled wicth granosans amd b Lrial
was rsapad var the 190 of January.

Mar Tebire g wera :||:IF:-|1|':|'.| 1 any of the ymals anal they e carmed out at
differemy peints on the University Field Station ol Chomps Fleurs in [rinidzd.

The variwlion in planting dale b Gue 10 variation in the  onsct of ly raany
segsen ] o the hpl'-.:ll.lljl:u_-; ual Ehic warng. Rl‘.‘;l]:lil'lE was caricy] o wdenw all the
Baliage was dry and e i assumed tbhat all cotivirs sire Tully matore. The ace
teapnz o [ SAE mar he atieilgiad i hotter discase contred and & e ool wet dry
P ELL

In 1%éd. cight rceplications of thirteen-cight-plame block and jn 1965 [ive
replicinions ef thinven four-plapn blusg ks, and in 1966 feur replicutrons of thircen-
four -plant blacks wers planted.

A plang which had produced g tuber wan cocnrded un hesving suiviven] poeindless
of how small the tuber way hawe beep. This was Fownd te be pecossery <inge
recirs were taken allee 2 the feliage bod Been cemoved abong with the sinkes or
slaking mawenal b foacilithbe the accardde peconbng of edeeidual planis.

Weigpls were recoaded or the nearcst guarees cunee and 1he wlbers frem all
the swoviving planis in & block were weighed together, There vee therefere some
instanees wheee a planc is recardad 26 boiog present, bao ne weigh? af Tulbers g
reconded.

Aopuamk e af plants was planied aroud sach replicalion and - an extrz
pward rowe was plonted on boedh wiodward sides of ahe wholy expermenn 1
minimise the elfoct of bul=ting @nd presedure drvang oce by the wing.

Wherever sadisvicel significance s stated a5 beivge mesent and the level ol
probobility is not stateal o is dbe 0,1 por cont Ieve] which exiata.

REXULTS

Tuble B geers she means of the prrocatage stand at eeaping, iz il in oo
was pef are a0d in oudees per plant fou the three vems 19594 1965 and 196,
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It may Dbe zeen thar boaly surdval and yeeld were denressed i 195, 1he
wear  in which thore wes an cerly end sewere eitlack of o foliar discase
causd by Dolieretricrm, In 1904 the deiscose built up mpeh later 0 e grescing
period and was less severe in that it ded not destroy the teials completely, te cultivac
Orienlal seeming to b Lhe ledst ailfecied. Thas may br dise w ghis heing 1he sooond
year i which yams wore grown an a reasonably lacgs scale Eor seme yoics, Yicld
in thix YT I5 QO LVRTRIER midw:-:,- herweesn the :rjtlﬂﬂ in 1965 and 10686 whiie
survival ix appromimately cgual 1o thut of 1966, In 1986, a premer knoawledpe of
efective control measuret and aarlier 30d more intensitied spraying cffected con-
siderahle contral of the disease and the wields are considesably haghes,  The
varialion between years i viclds aod survival oay therefore be duc meinly o
differences by e iodensity of disencse allnck.

1L <huald be noed thpt the halving of che 1964 mean yield over all culyivars
tn 1965 and its doubling in 1956 are aceompanizd by anly a 15 por cont redaygiino
io sutvival aokd po significant change mspectvely.

Thog, cven with & disease which often kills the eofire crop, yicld may be
severely affvcted withoul afecting survaval,

[n 1964 gnd 1906 the yictd of the eolnvar Origzigl was 1o to three and a
hall tirmes Tepler cespectively ithan Seal Top, the highest yicliing o 1he wiler
cultivers. The differences are stagsically significanl nt the 0.1 per cont lewci of
pevbataliy.  dn L3635, however, all cultvears were reduced to appeoxineaecly 1he
same level of vield presumably by the powere diczase attack, and only 1he
gilfercnee hetween rhe culivar Ashmore and Oriental is sladisticalle sipnificang
the 5 per cent level,

This hwh vield in the coftivar Orignial is linked with & stand of 95 aml 36
ror coft At feAping witich may be rzgarded as very zloss (o the maximum atainalte
under §ield conditions. Alhoweh this sorvival s gt least 20 per cent higher thaa
any other ewhivas it cannel eotirely azcount for the poearer viekl,

Tahle TI gives 1he cocficient of variation between plants and betacea replica-
tiorg amd the degreas of freedom for the number of surviving plants and wield,
Comoparison of the coefficiems of varistion herween plants for both  paramcrers
wilth 1he means for 1he cemesprnding poremetzrs in teble T slwiws thal there is
ponerally an inwerse selationshap bodh belweon galtvars end years. This js wne
SUrPrcingE since waraten tends to incfease propodionally wal lhe level of stress
aml viell may he expected 13 have an inverse telationship with stress, IF yvield <
onfy limited By genelic priential then this arpument docs oot hald, howeser, the
peesenee nf discase ap wariouws levels of ioignaity sugzusl that thes is oor the cise

In ®nme years, i soame culbwars the coefficiene of wanranen ace below or in
ihe repion of 40 perocent. This s samclimes repatded a5 an acueptable Tewel of
warratan for ficld frals doder eeopical oomditions. Thus, witls ¢are in the chaice of
cufevier and disense control, tdals oo other aspicts may bave few problems of a
statistiesl natimo.

The cocfliceerts of variglion between replicarans show relatively haphazard
warialion  Ciynerally the vesrs end coltivars with Lhe highost wields and survivals
show Ty berween replicaiion wariances. These veey lapme coefficients ab variation
fre Lyucal of 1rsle where discase play? an importaol part. This paclicular discase
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appears o he spread by rain splazhes and the coop s wsuaby destroved by the
pragicasive cxtension of the coatres of nlegtion. 1o prohable  than e peachy
nature of the infeciicos bas fed 1o these vory high coulficicnts of variotion.

Theee large variances and Vheir ~verr sporadic wamation are reflecled  an
secmingly mcimingless sericsy nf vaeiance pnios, 1 van aoly Tee aoggesicd (hat the
lazk of significamly lorger betwzen replication variances in L8604 i mainly duc to
ncreasag by wpean pfarg waredlanoe amd ot gee Ao redserd averall ".'ﬂ'l'i:'lhi]il}'

Takble I11 pives the coufficienrs for the correlians berwaen number ol ser-
viving plancy aod ywield for all cullivers in al]l theee yeans.

All the conclation cosfBeionts are statistically significanc at the 4.1 per cea
Il excemd Lhat o7 1he caliiear Crricrdal im 1966 where 11 1 significant o1 the 5 por
cenr Ievel.

It moy be naoted thal where the pereeatzge suevieal ond thye corcglated pare-
meter yigld are highest, the cocrelaning ciefticients are loaest The convers: is
ako true.

Values of goepglition caclicrnty noacer tooa kall shaw 3 moce haphbazard
relaticnship. These relateonships suggest chal edhee [actoes lave o signifcant ¢l
on the corilizients and (hese were eilher ped neeasieesd or ot measuned with sudi-
vicnl scoundgy forp e relidionship w be clear, Hewower, al Lhe Righe-( amd oyl
viclds and suevivals. the catreme ngry of these paranacicrs aod theie varianee-
allevwes hiean 1 have an averriding cffecd.

Thus, the Tow and Barcly significimt correlation shewn by the cellivar Creiennal
e 1%6 may by masdy due o the very Tow verionee, erpezially i suevivenl which
i5 wery lose to being complee.

LELE TR

It is very intecgsting to node the tather wide waratinn o yicid ool sarvwval
Thit has Teen cecnmloal and 1o spooulace an he gas-mly cooses snd relationships
Between these and ciber paremelers.

The paperal question af the relativoship  between weld, survival aml che
severity of discase atlack can brar discossion. Imoewvery culivar exeep Tharhadne,
there were barge and statisbcally sigeificant medustions in vield hae wsae wa
accompanisd by similar ceductions a0 surdval, In the fowest viclding cuitevans
Achmare, Harper and Smeath $1aia, sumvival s neasonably constan i e meg
worsd vears 190 amd 1965, yviekd, howeser, s omoeh Tovwes i LFOS, [ the lapher
vielding cultivars Sval Top and Oricntal, ghe very severr disease allack i [9R5
reduces hath servival ard wield when compared witls 1964, kot the Tar mor:
efectve contrnd af The dwsease in 19A5 dacs not allisa o soeeived senificantly ehowve
chal in 19564 ahihoweh il allows o statiscically sigmafcamly higher yiclhl.

Bzaring i mind that o plam e reconded a5 having sorvived OF o s one
ruber Al any sisg s produced, vanation in the Jare of Tabe mdsit on oy B2 1he
most imperdant fecter affecting suevival in the pressnes of 3 Talsy disctse which
ustally bui'ds wp aflzr a significant amovnt of folwge has appeaacd Flra- i sl
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be very ioteresting to determine whether the theee coltivars which ds net show
dufersnces in survival under medium or severs distase attack initiate tebers early
before the anset of the disease aod they mecr the comlibionzs o survaval witlaoot
necessarily having any real resistance o the dicease_

Yield woid thus be the character which would sndicaee fotistames or toler-
ance, since tuber Bulking should be curtaled io propoention 6o the severity of disease
aitack.

It will be recalled that all 17isde were reaped at full maeeity of all colitvars
Thus, the eatent af the pervk over which tubers ace bolked may eagily be the
mics] importand Factor determining overall yield. This 15 nol a nowel suggastion and
it would explain the low and smilac yield of a0 cullivars in 1985 when  the
grosang season wag severely curailed by disrase. The similanity s particulerdy
apparent io the member of ounges produced pec surviving plant since soTvivil @s
e Jonger a camplicating fectwor. It would elso explzin the higher vicld in 1966
given by Oriental apd Senl Top at sapilar sunvavals fo those shown in 1964,

Tt would be simitarly isreresting oo dergtming whethar 1he dumation of tuber
bulking iz 1he same in 8l cullivars, and ithe fecior which determinss yield is the
timing of tuber inileaticm. W moy be thae low gclding cullivars inmate twbers varly
when there o Jecs Foliape avalable Tor starch prsductson, and the foliape dies
Back and bulking stops without aver having atfained s el physiakagiesl roleatial.
Tn high yiclding cultivars, tubkrs may be imitieted 1a%e and bulking may be Ear
mare rapid and thus miore extensive Jo dhe same perod, becawse of the more
develuoped (olimge, The ¢ary tubeeizing bowr yiehling culivars woult, heesvr,
have the advantage in survival onder condidoos of seavers disease atfack, amd this

may sccount for theit continwed ¢xineace,

The answrenng of these guestions mey well provide fruitful ficlds foc futore
research and They wouhl o daubl be #s inlormmative as they hzve been in other
crapsx. They should also be of invelueble assistence 1o the planniog of breeding
programmes in thig genos.

SR BTARY

Triak ower three yeprs of sox cultivers of the vam Moteorsq alpts ame
described, Differences in the severity of Jisease aflpeks are suggected as & main
causc of variation in yield in different years. The significanty high yiclding ewhivar
Criental shows no gecpler yiclds under severe discase altack,
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Table 1

Yield in loog toos

o
hean

1

1
2
T

2

23
39
A4
55
21
52

.72

per acre
1965 1966 Crverall
Medn  Mead Meusn
e}y 3.%53 1.84
.24 497 247
128  L.46 ]1.50
1.2 j1.21 6.68
1.13 538 287
L.OE 385 215
.14 505 2.87

Yield in cunces per
surviving ptant

1964 [905
Mean  Mean
E.l 5.9
49 1.2
9.8 6.4
e 7.5
12,1 7.4
L |
13.3 7.1

L long ton par aere edusly appraadmately 3 5 metric tons ger hegtare,

L9&h Ovem Nl
Mean buin
208 11.7
218 140
1.5 L
434 MR
3.3 1.0
W 147
24.5 15 3

B F b))

BiEjr PloxenT WSO 1 3A

G 1



Fabkia IF.
Wumber of Plants Yield
Coefficient of Variation Cosfficqents of Variation

Betwzen Plants Bewween Reps. Betwesn Flants Betweon Beps.

1964 1965 1966 1984 1065 1966 1964 1965 19648 1964 1965 1968
Ashmore 43 63 43 51 Gl 63 Tz 113 38 154 Ly 2
Barbados pit 1! 23 i T 45 &7 107 19 14y 158 138
Hirwer 16 25 49 41 a8 152 "0 a7 &0 190 134 237
Chiental 30 15 13 28 13 T 14 a3 16 57 oy aE
Senl Top J1 53 40 L) i25 TR 51 o3 a3 g 147 11T

Smooth Siatiy 36 1 a4 18 LLh] L H1 140 ] 13 18 16

I

051
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Ashoiore
Berbados
Harper
Cricntut
Seal Top

il cgeffceom are dlpaideant at the 0 1 per cent leve| cxeept

EOVES:  YIELDS W Slowoneg olwrig

Table M —Carralarior Coelicterns,

1 %64
0. 563
. 5719
. 584
0, 387
0. 602

19a58

Q. T4}
. 757
0.42%
3. 642

0. 45K

I— ki

14964
a.512
0. &l1g
o773
i, 285"
(. 632

thal Tor Orelesdal 1 1988 which 13 ssprflesol gt Lhe 5 per teot lese],
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DEACLSSION O
B Adarkn -

1 waouid Jike Lir buk 127, Hower what has beeomne of She collecllan of the D, slate
cultlvaTa 7 la 1t LT In raet and da yuu have any plans e dn eeREhing TLstlier willy
1n?

I¥r. Royes:
Yrg will 3 g11 nf them tnmorow aflernoon b e Held.

. Yer -

Mr. Chalrman. 1 would just like wo gl 1'r. Aoves aboul hls coneept of tuBeTica-
Han. Whels e has made qulle a2 4roog case obaoel selecting GERinat — 1 1hink he
called It “Twther Mabame' — I that 1he tubeclaativn process pees cn  fOr eome
conuldezable yime, L wander whelher this L really vald. | twnk eler we owughl e
ook wt the difribution of Lhe Blats I8 4 BRn-LRopric Way.

1, mlaks, the greal=r vam, it r=all¥ une AF the bas=ir crnp plants af agricniure
10 many parls ol the FPacifle. [n The twpes o AgTicuaral syatdirs thal are thers, the
gwamp peopla o Southern wland  of what was Dulek Sew Cvinea oTe [oTeed  1i
phase thelr agriculiural operpilon winh e pBeaons, Qo ol lhe planls Idendfled woa
. aculapla (1 fogpenl 11 tn b D, exrnbenio) acd the pthet eoe a5 19, abela. Npw Lhis
hps a bp borvested in reamobalile tie bogpiae wheo tlhie Aoeds fome its lopasibic
10 cultivede BRY MoTe. Now you might gay well they are sablabied with wery  low
¥jald But 1 da nag think this i= lbe case. T oo %% Lhe phulogruphs in Serpeotd's
‘oltivolors of thie Swamps” Yoo %Il e HHME |-N-'EE iubees. | WwWamndeT, 1hen, whelher
N dn jualiled o 31l 'ehieken' at thiz etage.

Ar. Gmdéug !

1 won1d 1ikr in make aoe or 1#a caommeents on Dr. Foyes' poper. Flrae of 211 0
myHeed Ehe yields abrained 'mo Tronlgad pre Father oy ke 10w slde. The wrerags
yheld For vhe i1 Berbadns as oot 2 torg ond of you do not get up w1 B or 7
tonk Fo ace nol ceally Ln bdiveess, T owe catREr Aurprised Lo see yielde renming
prolid Z and § Loma e the aversgoe crpecially in Trlntded whers IF e the cistom e
ptoke vamn and evervbody caming TPom Trivtidad tells Us io Bavbasdas ehat wau cuaglhc
lo  lake vene — wr do not seke therm — and we will get much Bigher pields.
Yurviwal Ak 3 ls agtln a8 noemat io® 0 owr cemoe=rclal plan@tlaas. We dom'i
gel these bHE Tocies s¥cepl o0 TelhR? TR 0RO NG when we Ac FAVe sevare Abbarke
ol Tivleloiricam- Thls hos nnly been nellced v plaoters In receni yrace. W agd
thet 1f we spol il b time we eon ppray The Bald 409 @10 & copper FUNRicide fnd
pelallx coltral 3% Regerding the imtlatien of tuberembion [ would ke 1o commend
n that I will b= metionlng thiz 0 my paper on Wwediyaacd ay a8 ['11 len i pass sl Lhe
mumett.

Dut srrorher peint. T think gnmerwhers glong the [Ine [, Rofee mondioped aboos
the Pepl ®rep o yvams., e kave 1n fact medsured thls on commecclal plantations
We have meastted alngle planta Iving oo (ke ground noo staXed wilh 1esl afes
rotalling fahopt T3 sq. fesd, G} leaves and gpwuerds per plant ond totsl stem iengihcs
marinTing a tolal Tepgth of §M0 feel, A sinele yhane plank of D wlate odh b 3 wery
cohslderatle ARt U=dend end we have messared lobers weighlng up o 1weniy
pounds bot wa do Hed Tk Then ot (hat site bt aak 23 8 keatler ol #ietest for ke
mesllig thia Lt the gind ot thing that does happen eveo ln enmmercio] proctlse

Ir, Royes:

I 1pct montiennd — wrll we bave mede I8 0 pracsice nf inFing oLl o snmplicate
ary of these vardetal Lelef= @th <ny other Tactors, B ihwerhalds got hemmesed
wirh heeapar &0l yeIds weee pll Inw. W do ot ferbbes or snything f Emg nekgree
aod wheo yeu =ee the =oll sl the Field Sletlon youa will koow =hak we ace up
egalnat. The gecand cape 13 thet Barhedes kg a TaT 4rcc slend. M he discases grl
hold af culdwatipn then dp oot wWaste pdur mduey on sprbaye.
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e, Civprwey -

Tha gimple cnre pelnls 1 Weouwld ke 1o menticn an T Anves™ aspoe ave SiFL
uf all e guestlan of [eab atea [ndes or Leaf stea whelher There may be goen or
Jope ol 'rl.'.I”‘-El.El'.". Home exprerimonts an prommng aF . eolowsfaly were caeled sut  in
Wigrmea same years ago. A far as I knaw they wecn ool recarded acywhere Dot ]
vld g Ehe cogle resilis which Luflceted Uwa: temeval of Isllage Ternded ba dimunish
vield  Thers wad na avantagre wharaorwrr 1 prunlnp. Wow | owonld Uk 1g 4 lecwes
vrry bArfy 2 polnt in connectlon with I wlsfa. It Ls af coorse Aclatic 10 nrigin and
the oomber of cwltlvary ericting In Acla. Indenedly and the Papific s fer groalet
13an ih# numhec esiabing in the Caccbbean, When @ ronelder the nislory nal
. alate in the Caribbeso We mus" rememilor "ha? I ceme here o glewe zhips The
pliohoR ioulerial Wwhich a+p Nosl intredierd Trom As &l e Teent tlhe Poctugurse
planfatinme In Tartpmar ond Weat Afrlca had bBeen peleoted fas their etorage foalitt.
You probabiy have varleties ‘whlckh abe very gond T gfocade bl mayr oot be sa gnod
in afher eedwefts.  Waelght of mdwvidieal ibece o wn b oa cst rAn Be obcyined with
aate of 1he Asiitls facms =ilhoot all “het much JdUEcelty. Well perheps thot 5 &
slizhy expggetallsn but withonl ANy greme 411”"!"!'"}' ~eriainiv 2 onr Z0 M I3 LB
uy war exseprional. S'mctorly nf course theoe are hundreds or B ownuld Lke o say,
thousands nd eoldkivers of I, rolumddets atvd] D, ca¥aoehxls Ln ATFl¢a which have pevmr
heen r=curded at mEE Ir thus reems we lhowgh there i zome polenblsl {Fere which
mipht be betrer prodorang, thare some uf the sorieller kese. Alsa 1 jusi meemcloned
wirhin the specics . rotobdabs theps s fRarmnge varabion [ Lhme o Lpatsallom  wf
luber®allon. There has bB=en na sprlemetie weck dore on this bul anc kmows  froo
exparianes “hat adaptatien of e 98me ApCckop t0 & Wkte r0ge of dTr ceatun reRRLRE
frem only lwwe Ar IMreP monihe Lo the: sauih to n=orly slx months in ike narih,

Pe. Roves.

I hate t srem eallaus ol 1 BRve [Aeked onnp (hewe ifials TRAL T bave Amene a5 a
macl af terrclen]l. T meam wr nnwy say tha one nf the best anea w0 chpwe fea e
rlartal W hewe nol egyn able [0 ke &0F Treeding & I menlened. becagsr we
An net et any seed fecopl o Iy drlilde. Mow we ore ool shert of soark end T fadd
tmat it iay tawe o the cegbbn of teo wearm o el seme measonable reswolts Erom
preeding s cppased o Beloctiom be OF, alels, | think we sor goine bo tey with
13. trifds ecavce persamally | wauld much culber =ai Iy, wifda than e glata and
1 Lhtmk West Iod:ans are wety D033y mgTIn ABA thes 408 000 gelng bo eat Ih winiy
i they cab ger De iridde, fo we may a5 well nol breed LL

Orr. Coursey

T'IL sl =owne barrk for pne minete on this 1 am o wecy muaeh ineined L apree
wlth OF. Bowea on ihls polnt about [, trdfda, ot Lhis dues seem & paing Lo mentipn—
that there i 8 gres]l nead for plamt breeding wark in be doms anoany 300t o pam
Whatlyer rhia b= the sppropriate place 10 do LE I a0t 21y Lul somebodr aoght i he
dning sabne el Lrbeody Blse 15,

D tfertin

1 woold tie Lo make p brw cpmments on Lhe bTeocing Asjeols of yama. 1t ks
e thet this 13 o nf Lhe Lcepdcal ceat craps thul haes besn scelercod snd Lhere
are some very good reazend for [T AToat af the evllvRes of the enlzlvaled yama, with
thim eacepllon of I briNds oee patyplnad recees with wery lorgs ranies o chyoorsaoe
pumber. In odditicn, 11 14 Yere Bard o gel Ehiemn Lo cofie nln Acwsr and wheo poo eet
them 1w Bewer 1L ie hasd bo esecg theme Sooof all the erops disowgsed doday this s nne
ol Lme maar Alffeut o breed e cativenlional meltliad:, O the siher BRnd, {keTe aro
so many diffetenl cubteyaes Lrerrghond che world sd e lidlle )@ kvrsn ol them tha)
prokably & trrmendoos emomrl of  progress cam b made by these commendable
efurts of gatfeerlng Lhem Inlo coll=efiois and Belg Uied olr
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SOME PHYSIOLOGICAL PRINCIFLES DETERMINING THE YIELD
OF ROOT  CROPE,

_E_._-r-,_.._

F. L. Miliharpe

Uiriversity of Notingham Soheoal of -'Iirr'{:u-!rnrn'-‘. Surton Bonimpton, Logghborongh,
gicr.

In this puper, the uswal liberies Wwken by apricultoralisls with bolanical
rermirology will bs accopted: the teom ‘rool crop’ will be used to denate & <o
prown for some underground organ irmespecieve of s mnrphelogy,  The adjective
Yropical” poses preater restrictions — mainly becawss most of the intimate aspecrs
of the physiology eod eculogy af sirictly tepuzal oot creps @ wnknown. Thucing
the resl deeede thees wall swrely be a wasr cxtonsion of enguire «ithin this field —
parncularly conceining the descrption of responses to the main cnviroomenisl
{artors and decper vnderstanding of the corcelaced functioning of species swech as
the cweel potata (fromeed bargiocy, cassava (MaemtAcr escubertal  and pamie
[ DMascorea spry Do the prescet conteae the wnest wsefol purpose way be seoned
by pxarmining eclevant Fratures of two specres which are much mere full v document-
cd: one, the (Irch) prlaln {holadum Tuberoesem ) nnpmatn::l in tha Implcs hirs
been mpaennely selecvcd Eor growth in femperate climates, and is now fGoding i
way hack inlo the tropics; but [or eves mgninuing e ocher, sugar beet (Be
vidparis), the indulgence of the mors ardent wopical agncotturalists most be
a-:::ugll.t.

GEMERAL FIATLRES OF GROWTH

Three phases of growth may usaally ke cecogoized @ (i) (hac of prce
cmergenee. which involves thy ¢stablishment of an auewaphic plant from materials
stored within the mother organ (tuber or seaed o (i} that in which leaf grawth i pre-
dominznt end (it that. ceerfepiing with the peeceding, in whreh ogrowth of the
sterzipe rrgan cxons {Fig. Ly, The prata and sogac bose rapresent two €3 remes
of plasticity in respoct of intermal conteod of diffiecentiation,  DMferentietion of
iubers nm the distal pare of (i diageotrapic stolons of the potato depend: on a
particular infeenal state of the pkian; this sfaiz is e function of age and of tha
environmenl,  LUeoally, there is appreciable develnpiment nf srems and Jegves befors
tebera are iniliadzd; onee the tobers commence to grow. no further feaves ars
initiated and the Ieof surfage sencsees capadly. On Lhe ether hand, diferentiation
ol the srerage enot of the sugar beet e peculiarly incensitive W0 environmental
contral.  The concentric corrbex are initiated 20 & vety ¢arly sipge of ontogeny in
w very wile ronze of eavironments and the oot and Eaves develep more syachran-
crusly. Raoot grovah eventually dominales over feaf prowth — but never compleazly,
there boing only o slow dacline of (he leaf surface over a loog pecead of time.
Hare. the |=af area is in excess af that tegmired but 0 the subespecies mengeld.
whrere o Tigher ratur of oot 10 lcal area Was heen selectad (Watson and Baogiste,
19387 a cammarcially adeguate consemimation of sveir has noet boen echieved.
The sweet pedatn — rhe anly other speaes For which THmired growth data are
availahle — prond appear tn be intermediets; appacently the rwot fubers commence
o sore malerdals mfilivedy 13t i onbogeny (o they geow stawly and the leaf
st face, which maw be in excess of requircments, declines sbeewly,  There 9 possible
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MILTHORFL @  DETERMINLING VIELDS OF ROl CROFS I—1

seoipe Tor selection of varjetses with eatlier initiatiog aod with £ better balance bed.
ween Jcaf and rool growih than existing warietiss,

Agriculturg]  production s primarily concorned  with manipulating  the
redponses represeoted by these curved o achisw¢ ceriain mosulls wilhin paclicular
covicounents. The am moy be 10 obtein the highest vicld within the awaileblc
EIOWINE 5easom, Ay Wilh maig4mop potetoss, or o obiaun @ matkeble yield very
carly, az with Grst—early pratoes io the United Kinpdoo). The duminanl environ-
mental facter may difler between environoeats, in Britabs and poeely of Evrope [ow
tom peratures determoing the leogrk of the growing seasom, whersas in topkal egioos
chomage of waler 15 often the overnding feacter. Yo Fig. 1, 3 crude descriplivg of
the scasonal vardalion of the adegquacy oF the ewvicooineil s given by the poential
net assimilaticon mure; 1hal is, the aol sssimilation e of young plants. This peo-
bakly warics little between species ab the azme stage of optageny wherens growth
rates vary such o widely, 2 moce sensitive indesx would be given by exlative
prowth rates during the one ar two wieks ipllowing emergence. The curve i
smoothed tor remove weekly fluctuatioos; this <leaks the (oot that the Tmits of che
seagins are determined meinly by the probability of cccorrence of catasteophic
velues [from severe frosis or prolonged drooghts),

THE PRLU-EMIRGENLCE FHASE
Irg-runzrgdnie growik of the potaio

The tuber at planting bears & popolation of dotmani, cormelatively inbibited
omd gm-wing .5|:|:|'|:|'|,|.|:5.; |_1|-|'|'!,| 1hose o he Lan cal.cgm}- contitins b3 BTN whl=r pla_m'_-
ing (Marris, 19463). The mother twvher provides the main source of sobairple
until the plams have o leal qurace of 200-—4k} cmd (Aeadfnrd, 1991, White,
1961) althouph the extemyl supplies of miperal nutricels  ipAuvenees proweh ot
carlier stopes than (his {Moorly, 1967, Provided there 35 an aequeat: supply
of warer, growth during the pre-smecgance phase is cunfenlied by soil \emperacers
aral by the Jdegeec of devclopnent at planting.  Generally, g e of emer-
gees of potato bs faster the bigher the soi* vompetture ond the oreater e
degree nf dlevelopmene of the sproois st planting (Fig. 27. Planik prowns from
tubere with well-developrd $prouls alaa initiste rohers earlier but there is & lim
i which these pespnses can be wsed o pracoice. Well-developed  spooncs  of
subjccted ta Tow demperatures after planting may initiete tubers befare cmergence
angl greatly delay the cotablishment of the haulm; dhis iz the conduion ke a5
fittle peolato”. Mogeover, peonceess (o rhe abnonnahty knosn as ‘coiled-sproot' i<
relitgd 1o the size and degree of development of (he sprout (Mootby and WMo,
1667,

Thete 15 little acdvantape 14 be phined, theepefore in planting wwher with
sprouts grearer than 1—2* cm.  Tn general, the smaller che speats ot planting the
higher @il Tre ther yield a1 natwcol meaturty bue the Jempger is the growing stadon;
sprouts longer than 2 om give rise to plants which cmeege carlicr, infifste fubers
gnd mwvie i higher yield eatly in 1l feason bul oot st matonty (cEp §F. The
vield and size dizscribution of tobeors is alsn infoenced by the aveher ol sproots
which are growing a1 the tine of planting:. the preatec the number of these he
bigher the yicld but the propenion in (he smaller size grades & alge kigher
(Toansey, 1963].
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MILLHORFE DETREEMININLG WIELDR OF RINIT CRFS nm- =

Development of potatg pindulf Jerlng siorage.

The nomber and size of growing sprouats at planting depends padly on size
and varicty bot moinly on the storage history of (i tuber.  The many =swes in-
wilved have beep revicwed By Milthorpe and Moorby (1967} and necd only be
heiefly meendioned here.  Provided o pedcd of mace than thrte months i3 avail-
Ahle hetween hacvest and plasting, the appropriate sorsge onvironment can be
provided, and e whers are ree of virs and other diseases, conditions dueing e
gronsth of the mother tubers are of Bty consequence [(Gomgdwin, o al, 19663 .
Dormianey, althotgh an intriguing phyvsiolagical phenomenon possibly invalving a
bulanes Betwess pibberelling end inhibitors such as abecistn {cf. Milharpe and
Mrarhy, 19671, s also of hrke lpnificance under European conditions of colorre,

T1 can, moreover, B readily broken by exposucs 1o gibberelline &3,
cthylene chiprhydrim ar woter (Goadwm, 1960681 or polanged by treatment with
nonyl afcehnl ar giher imhibitors (Burton, 1961). The pattern of subsequent
growth i, however, of the utmest importance,

The cmvircnmental faciors exerting the leceest cffecet: on grossith daeedies
storaee are liph! and femepsrature There are laree differsnces betweeen darkness
aad hghr sunnhes of abovt | cal em = day -1, amounlz of g greater than this
have litthe further effect. Little or no erowth oooucs at tempamatuces Tess than 59407
M nirhers are stoted fomn harvese ar teoapetagores of 15 — 25, the Jpical Bod
loses dormeancy frst and slarts to prew rapidly, Tt snap coigblishes deminance
and nnly [—7 byds coatinne prowrh d0ondwin, 1987, Cinodwin and Canstield,
19571 H, howeeves tubers are stoned a8 pemperaiuces of 7 — 109, ot f dnrmancy
is breken artidicially, many hals eormnewes growth. Gradwallv, the smattest bods
are errelatively nhibised and «ith the passase af (me only 2 -4 bods will crp-
tinoe do grow, These ars diect apical dominance influences in which complex

kel h-cnbstanee incerrefatinnshing are inuolved (Cooodwin e el h. The raje of

growth glsn involees mehiligalion of 1okt mesenes and competition for these het-
ween rhe growing sprouts; these interrelationshing have beon discussed hy Morris
f1066a. 1066b%. By using these resoonses and manipulating the demperstare
appropriately Jumnn siocage, the humber and side of prowing sprouts at planting
can ke variod within certam limits

Veartative prangeation of ather ront oraps,

Wast of e 1ropical g &roms ame propagated by slern enltings but T am
nrt seare of any etodqes refatimg fo the elfecs o the =ource nf the ontting an the
podormance of rhe sab=edquanr plam. Argvimg from the senfterad infopmaten
gleamed Trom ocher species and cenerally presended umler the terms “invenilioe
pnd “ageng’ — abalractions emliodying e general mysticisw v eleak nur denore
anre — it =zems fikely that time o indiation of storage organs will e increasingly
delaved in mlants eroragared fram the elinwipe ronrces: ofd whols ket yoong
whrle dwbers. main-stem culfings fenm nlands bearting fob=rs, main—iem .f_--.lr:inﬂq
Frn wowoee mom-tubecizing: plenes, aarlarv-branch cuttings.  However, vacialion
attrihateble to differences in nreviows history of parest materal free of disesde i<
ermally Trequonthy legy flan 1har whie'n con ariee feom differesses in =rviconments
during crowth {Goodwin. =1 af. 196T%.

INTTIATION OF ETORAGE ORSAMSs

The potein
The initiation of tober arises from chenges in & nurmber of metabolic -
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aCticms Oucuring f the sies of twber formetion; e in the eloogating interoodes
of the ubers.  The &ctud reactons involved bave won yel been exphored; studics
bave been confied to doscribing the morpholopical changes, to indirecl expopis
mendd {onceming pocible trapsmissible simul aod 4o eseértanung the eoviroo-
rmicntel Factors which accelerate tuber initiation.

The Ersc eviderics of uber initialion appears to be that cells of the cxengd-
ing infernocdes of stolom commence to cxpand radially rather shin conbinee w
cloogete (Booth, 1943}, This chanpe m the direction of cell cxbension is smm
folowed by seoondary <ol division ghoawghaot all gssoes (Fig, 3.). The apical
meristcr contioues during some 12 — 14 plustochrons 4o provide mow primary
tiszue in which eXiensive secondary divisson neaies, Blthnngh seconpdany davision
poolinues it all pans of the tuber over an cxtended period, continecd growlh and
division appears to depeod on (the pradestion of new pumary tissue oo the opical
bud., Thrs observadicas may sianply racen that both primary and sceendary Sivisinn
are conirclled independeotly by some other [actor Csech 0s provision of sub-
etrates], bul the evbdence fronn giudics om second-growth of fubess (Bodlacnder,
et al., 1964% sugpest that soon after the expinding intermodes at the wber apex
clhange from e sude of radeal expangeon 1o longioudiose] extenswon — je eeven
ty “stalon-ope™ growth — secondary division ceases in the primery tuber. These
dala also sugpest that the “wher-fooning"” state of the weminal bod of a stelon is
ool permangn! or rrevocable bot requires (he coolnued mainteoaoce af j, cortain
(uokoown ) metabolic state,

I{ would be pleasing wilhin out preseol superficiel knowledge of growth
substatces ta aieribe the pon-tuber state bt high gibberellio god eee abscicao
contenls —nd the tuber-fomming sfate (o ke gibberellins ond high sbscisin  [Sec
Ackdwout, 21 gl (L9E), Comforh, = gl (1963} and Thomas, o g1 (19653
concening abseisinl, A cass Toc this peneral thesis, with some exszerimental
support, has Twen made by Booth (1063}, One inadogusle exploration of
gihberclin contents, measured by the Paleg est. showed thot apices af noas
tube dzed stolens, apices of swolens in the carficse stapes ofF tuler jitianicn and
minutr tubers contained 1.1 x '[l:l‘”"1 2.0x10-173nd 2.4 x ID-12 & cquivalont
A 4 PBF BpEX respectively: if substanteaied these results weculd ndicate that juber

inidi#tion is oot sssuckilsd with 3 marked cbanpe in gikberelling b that tober
growth k.

It ehould be emphasized that it i the changes in the extonding inteinacd; -
of the srelon which must be comsilersd. It ic conceivable that 3 decreacs in the
ratio of giEberellin to abscisin, say. or change: v balance of other growth /ogolarnes,
miay erise Dotk from oJiTerences 0 rates of production and transpoem from ether
argans as; well as differences in rates of peoduction jn sirg. The asseciation of
tilaer initeation willy high vorsabydeale contents may indicate that gucrmse 3= here
the transmitted “slimuofus™, as soggesiod by Booh and Milthorpe ©1902) —
leading tee possible changes o balance ond concenteation of diferent growth sob-
etwneass lecafized in the ferminal bud of the wolem — oo it may nican thae in this
state [zss giftherellin 2nd mace inhibilors are produeed in the foliage pnd Vrans-
poried o the stabons,

It ia well establshed That tuber initiaiion is atgociated with clow prosih of
The havlm: there b5 also, in plants of BEompean viciefies orith similar eates of haulin
g-owth, a rather aeak shon-day geaction {Elater, 19630, The muoch sirnger
shnri=day résiction in Sefarum amdigess favonrs the suggestion (hat growih sob-



=

<
ELONGATION

RADIAL

EAPANSION g
&
SECONDARY

PIVISION

- e om A A — — —Em - E W o am -

=7

Fig. 3

STOLON GHOWTH

TUBER GROWTH

Sdtddy LOUM 40 Sreaif el HEW K3 LE]

; ddHUHLTIN

L=— 1



n—E&E BOQT CROTS St MTOSILM

sfances e jregsporied  The conditons which favour imtintien ate Pow tempers-
mtrcg, shor days, bigh mdiauens, Tow misera] outrient supply and prowth-retarding
chemieals puch as COC and B995 (Kmpg, 1954; DOyson, 1965; Iyson and
Huemphrics, 1966, Budloendér and Afgra, 1966, Giford and Moorby, 1967 .
Reversion from radial or tuber growth to clangailen or siclon growah s favoared
by high lemperatures {Bodlaender, o ol., 1964 and perinde of waler delicic
followed by celiel frogn the deficic (Sebalvorn, 1965 MeCorquodile, 1964)

bl chker spetier

[o sugar beet, the atorage foof appenc lo be much more intimately pss0-
cialed with 1l growth of the leaves and moch legs oabject w0 changs by environ-
mental o7 experimental toeatmenis Chun is 1he potate (Milthorpe and Terryr, 1967 ).
The nuitereus seeondary cambia are all initiated at a very ently slage and Uese
develop more or leas in step with the groadh of the leaf surface. Decapitation does
not influence cambial inilistion slihough 3 does sfimulate the activity of the cambii
onece formed. Linde s knowme at leas), by this writery  absowt the formaton of
ropl tobers o species such as i swes) polste and dehfin, In these speciea omly
a few of many apparcntly similor rdvetititiolls foots becomie Slorage ofgang; thig
intripuing respemge indicates 8 very localized contmol end s surely worth
detailed shydy.

THTERRELATIONSHIFE BETHEERN OROWTH OF STORAGE ORGAMS AND HALLM

The possa

Thoie tubers which eventenlly prow @ gigniicaot sizes appear to be
rnitieted doring the fwo weeks or sa following the appraraoce of the A wher,
The tolal weight of vubes dunog and shortly after this Gme follows 2 gradwally
iocreacing rafe of groath with time; il then eniere a [ong pheae of almose cosatant
re af bulking, Geneeally, the lnger tuber miciktion s Jdelayed (ie the larper
the bhawm al the time of iniliation], then the shorter & the duraticn of e ploae
of aneeemsing e of growdh and the higher end more prolonged i the rale of
bulking dortng the phese of '‘constant’ rate (Fig 4). Manipolatuons, therefore,
which resplt in very garly initistion do not wsoally pradece hizher eveniual palds;
mch that is gained in earlingss is fost in the subsegueot lower pecformance {Burt,
196%5; Milthorpe and Moorby, 196T).

Much evidence (cf. lvina end Milthorpe, 19637 shows ther the hulking
rate of any ofe crop in any cenlre remaans oimztont with time despite appreciable
wéckly Auciuations of etnpecoture and Mght,  {Severc shoniage of watcr can dis-
rupt rhis pattemy.  Thia beliavlowr suggests thal theee is o latee measure of meemal
wontrol ducieg this phate of growth, Bowsver, the rates of bolking vary largely
Betwecn plants subjected to differing condinons preor te jnihatod (spoont develop-
ment 31 planting, coltural conditions, weather, #e), thereby coggesting thar the
subsequent rate of Bulking & largely dedermined by the alage of the plent {oeflect-
ing previons historvd and (e weather conditions near the time of toidation. A
clear definition of these condifions, however, in ctil]l awaited.

The cometaney of the bulking rate in any one crop dosg noy acecssarily
mean that individual tobers maintain constant eates.  Moch evidence cuppeat the
cormrary; 1hat the rates vary Imegolarly with Gme and relative 1o caclh other. Fior
exomple, in one experiment in which Mog;  was supplicd 1o the whole of the

frliage, the 190 inported by individis] tbers varicd by es much 38 ten lmes wnd
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the Targest tubers did nod always heve the lergest comtent of Y0(Tabs 1), An
interesting feature of this experiment is that i showed thei the mother Tubér was
importing, exporting aod melabolizing carbon at Lhig cxbremely late atege of its
cxictEnCe.

At the tubers increace io size, branch snd leal producticoy greduslly ceage
and the existing leaves renttce [#ading to the decresse in the total Jeaf ares illoa-
traicd In Fig. 1 (Milthorpe, 1963}, The rate of decline of leal area & uyually
slower the greater the leof ares ot the time of inftiatiem.  Finally, when luls green
leaf arcp remaina, the rate of tuber growth declines and ccases. These obasrva-
tions could be claimed o supewirt Lhe peneral onofention than the rate of wber
groanly depends an ihe supply of phowsynthate, which is mainly controlled by the
cxtent and duretion of the l=al surface {Watyon, 1352, [953},  Indeed, Brecine
and Taha ¢ [$66) and Bremoer and Redley {1956} heve found s closs clation-
ship batween tiber ¥lald and {the integral of leat sreg dering the period af bolking
assuming all leaf area of 3 cmé per cmé eoil or mofe to Be 3. Ciher mvesHgaton
(g.g Goodwin of g, 1967) have beop unable ko cstablish any relabonship,

A larpe amcunt of evidencs, including the refatiooships wilh intensicy of
the sinka {ef. Humpheics, this symipostom ), changing rates of photosynthesis wirh
ape, higher oet assimilaton mates following tuberization, sod the conslancy of bulk-
g rles an varying envircnrmentd, suggest that, over wide limits of Teal area, rage
of tuber growth are contmit=d by faclors other thon the supply of ossimilate. As
competitivn eflegia are pronounced, i is Lkely hat supplics ef miweral sonrjenis
td the growmng tubers mmy be invnlved; it i alse ameeivable that moare subtle
grmwth-stibgtance onotrola nocur. These aspects sGll await iovestigatlon.

All svailable svidence would sugeest that senescence and eventual death
of the incividial pfane results mainly Brom Jack of sobsitate supply o podeonal
growing points of the haulm, Thut this ssnescente is Frschdprumgirad (Molisch,
1938, o death Ty exhavston, s suggested Ty the appreciable mieration aof
nitropen.  phosphorus, and priossium from the haulm to the developing b,
this it oerty probably results i decreasing potential rates of phensynibesis whizh,
with {he increasing flow of carbobydeates o the tvbers, Peada o lewer angd fower
supply o gl Tawlne weresterna end absorbing roots. Mew ‘eaves fail to diffzren-
tiale ord dhr cxisting Meaves decline and die consecuwtively. There i5 ng evids
ence nf the “flowering sencscence™ described by Krizek, rr gl (1968) for Xawrhicow
and which is obvious in determinale Aoweong stems of cereals, gredges, rasphersy
and Aoine cfber species. Thig phowmngnon is detingished by profeund metebolic
changes initiated concurrently with those metabolic reactions which Icad 10 Aowrer
indloction and is shosm by the eventoal browndng of nsoes progressing dasiporalhy.
In the patato, senescencs roughout is shosm by pellowing of kcaves progressing
acropctally;, Aewers are nflen mitkated pfiar o plaming; aod mmoval of tubers
hes Tong been employed by plont bresders to prévent Rower and fruil abeckaion
and in which sirgarion plants continge stem and Jepf growth over a moch Fnger
time.

The potate in the tropicr

Io view of the speciel interests of this symposium, il may be appropnate,

albett dangeeous, W speeulace briefly on posslble manipulstioos of the phyelologics!

responses of the pofate in tropicel regions. The two spvirogments] compooents
which mage influenee tiber imatation are témpenattine and photoperiod, the fotmer
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beiog the mod mporient. Tt would seem esseotial for edeguals tuber initiation
that poletoes be goown o a climate in which the wmperature s below 2000 for an
appreciable proportivn (say, 3—19 hours) of tach day.  High temperitures during
whe perivd of muber growtl witl also icod te meke the wrmngl bods of the stokons
reveri to cloogation rether than o contineed radisl expansion but possibly bhigher
femperatgres during this phase could be talerated thay around the lime of tuber
imigation.  Altbough i macers litde in respect of physiological responses whetber
the perind of bower lEmperauce i3 expericnoed duning the light or dark period
(Slater, 1964}, the must appropoate epvironent dould appesr io be ome of
apprécsibke incoming radiation but wnth eufficient night m-radisfion o give the
required low iemprraluces.

Provided the empeRlurt rmequircmenis ame met, the gemerally shorer
phocpenods will 1end e acoclecale wber mination comppaced with these of mwore
nperate remons. It may often be found thit the relative leogthe of growing
ees0n of different varsetiss will change ¢compared io thoge found in emyeraturg
vegicms. Cyeneraliy, in cool iemperate climales, ‘early’ vancdes are ess responsive
to shon days end mote resgpasive b lew empdature Lthan are lale’ variches
(Krwg, 1963; Cpesar and Knug, [B65). Az temperoture responses &re certain to
he the more eritical in marginel leopical chimoces, Usose varienies which sre low
matunng in ceoperale 1egioos may be rmore successiul ban those which are early,
in tropical ac¢as with long poriods of low temperatures, the “lemprmie-carly™
vArictics may tend do be lateér than ip sieictly tewperate reghons.

It will be remembered thar there are appreciable difereaces in the
mperare responses of diferont wild species; Solahier comeaersonn, for exemple,
appears to luberze weell ab relatively boph ernperatures (Dawes, 19413, There
is therelurg ample basal matenal from which o broed and seleer new wariges
suited ta tropical conditions, The appreciable voriaton in the tespansss of Eurcpeun
variclies (Bodbiemder, 1963; Krueg, [963) alie alows choies m felecting sunabsle
varsenes From exasting high-riclding ones.

Another aspect which may be of considerable importance in tropical regiang
concerns dormmaicy and storsge condines for seed wibers, There are poobably a
numtxes ol regions whers two coops can be produced annually and hee wall alsa
be a desice to wee lugally-grown tather than impoded seed,  Starage, with high
ambieat temperilures (say, greater than 5 —7°007%, may require gxpeosive refeipera-
tjion to provids the oecessuty comimel; selection of varelies with a long dovmant
period may then prowe sdvantageoys. Frequently in regioms where veo crops por
yegr ac pogsible (of. Kawekami, 1962}, svitnble tubers Lor spring planting fron
autnmn-grown crops can be obiinesd by 10BemA for aulemn planting pase greater
difficulties, The perind betwesn harvesling spring-planted crops and plarning ik
autumn ctop is uswally too sheot end 1hae between susesssive aulumn crops too
lang 1 chtain suitable seed tubers (say, with Z—4 strong gmwing sproada). Here,
varelies wilh a lanr dormaot period may prove advaacageaus. Culleml praciices
must of course be ndapted L 1he cxlstng covicotental comdivions,  The genersl
Tesponses wilh ape and o storage environments are epameraled inoa puober of
papers o [vins apd Mallorpe [1963 ) these provice o ha,c!-:gmund beowm wrhich Lhe
requited procedures [or padicular silwdations can be evilved,

Supar hes

Az mentioned above, sugar bret 8 mock more clesely integeated 1han the
potato and lecs cespansive o envirooméntal vacidtions, Omcs the “constanl™ nbage
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of hulking hes becn calablished (Ge, by the tim¢ the root his echicved a fresh
weipht of 30—40 g1, subsequent wide varislions of light and temperatire appear
ty have smail efMecrs on the growlh af the rool CMilhorpe wod Teery, L9971, That
is, the rate of growth 15 <1 by the envitonment duriog (he Grs0 S—10 wesks of
groweh and changes litthe unts] che cavironment reaches the fower Timits for prowh
(sEy, mean temperotures of abeut 5°C and redistion of abont 70 £2l cm—2 day—1),
Drurdng the whols period of groadly, the miio ol weight of starags ool to hal af
the shoot follows a constunt patiero (Fig. 5%, This pateeen iz not infAuenced hy
verigficn i light supply.  Tow Kight siooply resolis o slower growih, slthough
pholesynthelz may then generally be cxpected o be thort, the amoweny pooduced
appeats 1o be equally shared botween all requirementt peludmg the storags of
sugar in root cells (Fig. 6. Veralivm in lemperature on the other hand infuonces
the pattern as well &y e ralg of grawth = sl low inperatess a higher propoctien
of the (lower] net incrzase in weight poes to the cool and & larpger propoclion iz
stored as sppar then al femperatured 81 which (he todal prowih is more mpid, How-
ever. this effect decreases as the plant iwcreases in size: o the later stages of growsh
larpe differences o temnperamices have little sfcet. High coogenirations of nimagen
in (he soil solution appsar o work in the same Jireetion o5 high Lempecature, i.c.
fne 4 larger propotiion of the carmest increient a0 weight 10 ge inte Jeaf ratlier dizn
roed prowih,

Thers s, over a wide range of soviromments, @ connnwed and amprde swpply
of subatrates foom the leaves, Sencseense [s slow and gradueal, the feaf area bemg
maintained n excezs of that reqeired for a wery lomg Gooe - corlaialy, ondes
Eurapean conditwdns, until the erppeearore has (3llen oo 'y for grooeth,

Wich sugar best, a5 all crops, shortege of watce Eads o an hnmediae
decrease in the rate <f growth of all paris nf 1he plant {Owen end Watson, 19567,
Huwever, unless the pericd of water deficit i wnduly prolonged, restaration of the
waler supply leads 10 an inmediate resumping nf prowth a1 a ra2 higher then (hal
pertaining before expedencing e water deficit,. The loss o growrh is therckhy
compensiated 10 an apprecialle degree. Supar hean appscars 10 Tave, 10 o preater
exteng than maat other plants. thie capesity 1o make good potential Jesses indwesd

by water deficilg.

Flowzring i sugar beet is, of course, inducze by prolonged exposure to
very low iemperatures, old ants heing more ecesponsive than woung plancs.
Althoogh there i3 appreciable veriets! varfation, young planis may Frequently be
indhared i Bower;, 1he resultand “lboleing™ and diversion of pharoumthate b stem
and flnmacy growth resolie in preatly redoced rates of growth of the storage med,

CONCLUTSHINS

Young rentzs of all speoies are always much maes fetpongive than old
plants 1o varinlicm m fhe environment and generathy Toar cenp are leds pespomsgiom
than Ieaf and fowit crops, the extremes of slabiliey fouml in (e gencral cancgory
of “reqb crops”. Exploration of the wruly drepical species, both in lems of
degree of msponse duting Ontopeay snd in mespect of mechanisme involved, s
sure o br rewarding — Peading to clearer undetstanding amd control an ApTi-
colwral production and pravidig seoce oty uoderstanding of the physio-
iogical baces of planl morphugenesis. Generally, wvery Jile i3 knowas about
these species and they provids a rich feld for nvéstigation. Bved with 1he
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temperate crops, which have been investigeted more exlensively, there s but a
trogmericd and quile inadequeate understuoding.

One conclusion emerges cleecly Irom agronomic expericnce during the piase
Eew cecades,  This s that kwowledie ol the varviog cesponses of g species to itz
eivirooment theaughout ell stepes of s onwopeny 35 essential for effcieot agci-
cultural production.  The era of the costly, inefficien, wnd strictly limited field
cxperimeent in wlich the final yield only is mepsured iz wow endet, M ogs bow
recngnized 1hat these provide oo litke inlommatlon Far the eilod expendsd; pra-
grese is mare rapid where eviry atlempt §s made 0o study the system as thogughly
o pnssihle by analvsing sequentilly the relzvant physiclogical and morphological
cosponses. This information muse be married Ly dhe inereasing apprecimion of e
il mnd 2erial snvironmuen; it is onky im this way thist the apronomist can progress
Inwards 3 clearer wnderstanding of 11w comiplea ecalogical sysenes and tecly
comnibule o the achivemepy of higher yiclds and more efficient agricullure,
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Fable 1, Cowanr of 1 fa muihey end dowghder tabers of o arowiiy planr

Tuber

Mlcather

Daughter 1
2

3
d

Figurz 1

Figurs I,

Figure 5.

Figure 4.

Figute 5.

Figure 6,

Dry weight  13C.comtent (105 counts per minule per tob2r}

[zl Eibanol-solobls Eihanol-ioszluble
compaunds Lo mpounds
1.75 1.8l 2.21
5.2 1.16 1.41
4. 47 T.03 LG Oz
4. [ 1.21 1.28
3,30 10,62 12.38

Dipgram showing the general developmenn ol leaf surface and stnTage
Ofgansg in patato, sugar Beet and swest potace. The date for potata
pre gensratized o cuvear the Midland cezoom of Bogluand and shoe the
potential nel Bsajrmilation rate {Ep)  { After Milthorpe, 1963). Tie
data for sugar beet are from Scoit (19643 and those for sweet poteto
are fooun Wealiee LG

(4] Teme L3 eroorgence and to tuber Datiation s relabion (o length of
spronis 8t planting and (b)) time @ emergence as infuenced by
emperatun,

Diggram Dlustrating differences between siolon growth  and  duber

fromth.

Relation betwesn rate and doration of bulking e tuse of rehec
initiaticn, Flawrs such o5 {a] which ubserire eacly have o loog period
of slow bulking and matore quickly; piants ruch as {4 whagh ok
fate have n rapid rate of balking which i+ maintained for a Teng oiree
[ Afier Burct, 1965,

Reolptionships between root dry weight and shoot dry weight of sugarc
heor when {4l geown under 2 fange of light imlensites an e and (5]
when grown at 145 [(contmuogs Bner, 17 (detied lige) and 2400
cdashed line). (Aftos Metharpe engd Terry, 19670,

Rolatinships between sumar cnnient and recidual weight of roor cof
sugar beet when (&} geoewny ander g conge of gl infensaties al T4
and (b} at tempergtures of 10° [continuous linel, 17° fdoited line)
aid 2400 {dached Tinel.  (Afler Mithorpe ang Ternv, 19A7),
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FFFECT QF FOTASSILM ON THE DRY MATTER PRODUTTION OF
SWEET FOTATO

K Fujise ond Y. Tsvoo

The vizld of crop is obloimed fheough the process of dry matler produciion.
Therefare, we hove carmied out the stedics oo tlae dey maller produgion of swogt
potata im Lhe st lew years, ta drew oot koeawledpe which may be utihzed for
impraving zuhivarien metods, Inois copsmered chal dry maner sseculuctann s
compesed ef three factrs The fiest Tacis s phageaynthesi-, the wecond faclor
i~ espizulivn and the third Factoer is dietributien of dry maties prodoeed. A scries
ol sapepmenrs with swest potato was andormaken 10 onke clcer the smdloemce
il the wuricos eavironmental and  ineerpal  cormddicrs en hese choee Tueoer-.

Howyver, o raladesn 10 actudl collivation ceckengie, ot o5 recogmzed chat
pocassiven is che most vlfeclive putriced for morensing sweon paiaty yicld., Thers-
Ire, Wi very  arnportaos w0 clucidate vhe relwionship beeween peagsjpn: and
-d[_',.' Aaceer ]':rud1|4_'1iq1n. Wi oiwlengd o repenl,  here, wilk Ep_'i_'i.ill refFerenes 1o
ottt of che studies on the dry matler produddion of secet pian Tahle
shiras the cMecl ol pocesiom oo She adey ez prondaction of sweel potau
Mumzial in ke dakle show the pelcsiem plot a5 o pepoenage of e corzni
plar Potassiom wsesd o the gh potessiom plol is LS e the coniral plo

Toulle f. Efects of paiorives o ey Rigiter praduction (2962 Sepr, T7y

Yaricty Morin Ma. | Trnawa Kanto Ko, gk
Mo, 100
Tulil dey worplit 1oy 13 112
Tube: dry weight LG 120 123
Top dry woieht 104} 1+ D
leal arca indea 3 JCH} ] |
Mol assimileticn rate 120 14 122
Made:

17 Numeeals show e porecntzgs € higa pedacsiyzn piol for Che conl ol plol.
21 Pedersiore arnadnl fecbdimed 0 -he hagh Pecgszige plot js 15 Tilpes 1l
SanT il plar

52 Nol geslmpabon Taca wazs cRlculated from owo dedectmimauons, s 27 oopd
LHepr. 17

Tuber glry weight on the high potassinm plet was gboul 20% higher than
thit of the condre] plat tn che all three wanctics, while the 1op dry weight, that is
the acral parts of (he plant showed no diflererce betacsn both plats, It <ecns
that heatry applicalion of porassiom promoted especially the vrowth of tubess,

The increment of Jry weaght per ount [eld aren gz exprossed wilh the
preducr of *Leaf Area Index™ end Mot Ascimitetion Rate™.  In this caperiment,
the “'Leal Arep Tades" way stonacwhae low o the high poigssioge phot as connparerd
with the conteal plor, But the *Net Assamilition Bide™ in the high potassivme plou
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was ohout 20 to 30% higher 1thano thar of the eontonl plac Tlis meay suggest thel
potazsivin contributs to dhe highsr photosynihetic actedity of the leives  We have
corfirnied 10 many cxperimenes that porassiom has reelly high positive corelacion
to the pholsynthetic rie,

For instance, a5 alioes in 1he gample corcelatbon of Table 1T, photosenoieyic
aclivity showed a very Bigh carrelatim with potassium content and a high cormela-
ol with pitrogen content. but did not show Clear intemclion with phosphorus

Tabde I Correlatior af the itree maior niriexs elexteais agad storch conmren) ik
fedved do pRarred paekelic 2oilvity (10T

Limphk correlation Pariial correletion
oo fMcicnTt cociicke ng
Potiszium [ B2d w4 0 .s
Mitrogen 0. A%E == 7.1
Phosphorus 0 5D v —&) 082
Starch . J24 v 5. G4l *

43 Rigaificann ar 1% fzvel
vxd Gipnificom o 4 1% evel.

comeal.  Carbohydrite condent in leice2s had o high nepilive corcelation swicl
phitesynthests.,

As Delbmae  correlanmon, positive of aegative, were Inenwl amonge factor
conesrning photosynthetic sotivity, soch g peassium percent, nilreeon pofotnt,
carbohydrate contenk, il was ot cleac which one of these bsooes showed 3 toue
corpelannm stk plioscsynchonic activity.  Then, parial eorrelalion pnellienns
were calcoliled betwesn the Tugtors and phvlosynihelic activity  In Lhe parciafl
coreelaton caoficient, a high negutive cocrelation was found cnly bolwcon siacel
cunlert gud phatosyaibetic sate. A1 the oche coreelacidms were msproficand,

W'e Diawe alio observed (he photosynihetiz deproscion of the starcheg lagwes
in mary other easeiment, Bonoar & unkaown which escel direct inhibitory
imfuence opon the photosynihetic mate, cither occamulation dseli of starch ia
lemivves, vromnslucalion selacity of photoseothates Ercin deawes.

Thercluere, the dinrnal change. of hoth phaowsyaibetn angd carbabscdente raoe
conrend wn 1he lcafl were d=iormined, in ocder o eviluate the infAuence af 2aikn.
hydrate accurmulaticns o the el on he phorosyrthesie e, These are shown
in Figore 1. Po, chid s the phetosyoihetw rine showed nee marksd daumal
Avctwation 1lrough moming te sflemoon, while 1he carbohvdsate conecny s
shirwent in the Apurs on 1he cight side showed higher valees it afleenaon than
in the moming. it e cunsidensd Foem s ligvre thal the corbubredrole accumuola-
tian dnes nor exem, at least, direrd inhibitery influence opon the photasyaihens;
il dsep Talala Hl].
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Toble M ThHe infiverce of eopasme toher e Jumidght an pRoiosyatfedic aciivi)s
ard i comiErning faciary,

[ Warer cultare ayv Braws o diograsr wndee The fable, FOs3)

%, dre-weighe af |saves Tubee weight Total weight
K, O Ltarch Pow Lo THam L Plant

Conteol .50 {1003 16 8% (100} FL0CLO0Y 3570 NN A0 10y
Expusing 185 ¢75) 3R (1213 1LO (LY 710 (30} §043 (B

A1 pieg %'.».' : FPhitospnthetrin

actiyibty per AniC

Black carer leal ooy weigl
Cmoncral)
. ] " . '.-\.-l-_
LM CLLS 1okt e D:E'I""r
Calcure amluziza amtar

The prowth of tobers. which are the lingest acceptur {xink) ol phatosymidiles,
wiy iohelited by ¢xposing tubers to sum light.  The drcated plant was increased in
ctzech conlent of leaves and wis deperessed o as photnsyotheli: activity, Tno e
rahlz it was shewn a5 Po'Ww that is the pholsyathetic activily per ownitl leal drop
werehl,  Thas s presumably oee e e resickened dranslocanicn of plotesyrlates
from the Ieaves.  These cosults suggest Lhat the rate of mevement of photesynthales

Erean e leal f2owce) 1o the acceplory tissues {zink) i= ecsental in controlling
photeswn hedic acliviy

Az slown e the Agare uader Table IIT, e abacrbing rootz and 1he bolking
povaby weera oo et surﬂr:'l.n:l!,-' ik the andwidual pel.

The cultuce solution was filled im the Yeft pat in which absothing roots grew.
The ripht peot Alled pearlite zod watercd oogasineally.  Tao 2xpnse the plot o 1he
sunlighl, penclide woe remawved a2l the beginming of twher bulking, In ihe contrel,
the supfuce of The por #as covered by Black vangl il wo messept Lthe sundign.
vFter prarlite wis romovid

In figure 2 which was obained Eronn the resuls af (he peavel culture e¢peri-
mEnts, wweet prelitly wite grown aader jentival wutritivnal conditivns for 53 days
prior o the freamncods, dhen they weee wraonsferred to the differeol nucinona
comchitinns. TRl iﬁ:_ L oardueares '|':|:|-:I1.|:I:'-|:l_|r + K jndicatey F‘Iii_J1- J'll.'n*lil.‘%r:jlurnr —M indicates
Matpuaen delicivncy, —MNE ndicales hgh wilmogen and Podossivm, 4™ indicates
Hizh HNilcogen, —H  indiates Potassiwra deboieney.  Abccissa shows K, O
ratup, that i, the raus of poduzssivme 1o nilrogen in twober, Qrdimae 5hnws U
amount of increased dey weighe of tuber during the experimenal pericd.

[nemrase of the wber dry weipght rons parallel with the K o OFN retio in the
suher, Tae inferor fuber growdh an bath —HN and —K pl# was cawsed by Lhe
degreased ¥og O ratioan the uler . Thereforne, anis very smporiant to maintain
high Ko O/ atn in the ahers.

Figare 3 shows 1he eelation between K o OAN catia ol wuber aml whel:
plant A% shown m b ﬁEun:_ the K 2 l'.:l_."H ramg af tuber was refleciyd '-'-'_'r' 1hie
of the whele plant.  Thereloie, i is seceizary 4o cise the Koo O M rifio o the

feeilizer weed, i arder W keep a high K, /MW ratio in Whe wber.
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Then how doss potassiom  patlicipale in the growih of fuber 7 Figure 4
shows the relarinnt berween K p O/W matio aod water soluble nitrogen of tebers
and s(emz.  Water sntuble nitrogen io the +M and -K pld considerably increesed
in both tobers and stems. This might be 1oggesting that protéin matabolism was
disturbed in the plaot of thess plots,

Figure 5 shows K 5 O/N mtio ond waier coment of mbers grown under the
Jdiffereol potassium conditions.  The white cXumn shoes the control plol, the
half-shaded colomn the higldr potassint plot znd the shaded colomm shows the
highest potassivm plot, A, B, © oand D are the werctis, Thoough ell the
varielivs, the higher the K 2 M ratio of tubers the more the waler contenl of

the wbers. An incresse of the K CFN ratio in tubers seeme o be beneficiel for
the hydrerion af taber lisgos,

[0 Tigure & tlee relation botwcon the reapiretory reté of tuler and water
content of tuber i3 shuown,  The saer conlent of tuber waa positively comrelated
willy their respiraiory rate.  Through the incressing of the water content i puber,
passium achs praogressevely for ihe respiratory actisity.

In Figere 7, the relation botween respiration of twber and eclative growth
rate of tuber dry weight B shown. Therg jx a ¢lnge eelationship between growth
tate and respiralory rale of the tuber. Tubers showing a higher respiracory
rate have also a kigher growth rate.

5.
contral
oA a
4
Héghur
]
H AL Fioiagpiam
=zl 12 ghaat
- FoZapaium
L0 0] 1
&
b T0L
& Voriescy
B
L‘: A lante No. (1B
En MeBla Mo, 1
I&: an Cr kinawa Fre, 100
_;1 - [u]] Itacani Mo, 1
E
A B < v
Fig. B. AN el apd Waler conteEnl 0 Luber grawn

wnday the @ fferant poroRgiuy conditieong
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Higlh potassiom

!

increase of Koo CFN Raliv in Taber

!

inercaae of water content in Tuber

!

acceteration of respiratoey race of tuber

increace of celalive growth rare of mber

L 4

Acceleration of translocation of Phoosmthaws from leaves

)

Acceleration of pholesynlhene acivity of the leaves

Fop & Efecrs of lwph pikadhiued o the popeleration of phorosyIheris medivity
ol Trowps.
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It was Lhe final gim of owr studies oo inceease the tober yield in 1he aciual
cultivation by applveing the kpow]odge obipined from the stadies on e dry
matter produclion of swaet pataie.

It is detirable tn zupply conlinususly a preat des]l of podassium o ordere to
rpaindin vigenously 1he raber growch wolil a ladc geowilly stage.

Mova, as sloven i Gg. 9, the distabronon of sweer potao mols was clusslied
iny the swa kinds oF tvpe, that %, the first, shown 2s A in the Agure was the /ooty
near dhe coil soatsce, whech aere dedved from the slems, the weond, shown a: B
waz bt encds located i the deap Taver of the soil, which weare derived [rom the
tubtr.

The gbsorption of water and owtrient clounonis Jo the roots oear the ooil
surfoce seemed 13 dechine due o withering of the raots on 2 [se prowih slage,
glthough the Toats preesn deeply in the ool Seeried (0 be heddihy unedl a Jate
elvewth stape. Ot othier hand, we obserwed the facls thar porassiom eastod
i:r,. ihe -|;|¢|‘.'];| |_:'|.:,.'{:;|' of the seal pn the Faarnee's [l ha»'hig | 55.]1!|:m:|.i|;| hiwese

Therefore, we considered that it sould be eficetve G apply the mineral
manure eepecialy polassium degply in the soil for supplying the miveral nuttienrs
tea Lobsr mpf? A lale growih stage.

Table TV shows en effeci ofF the deep apphoation oF the mineral fertihzer
manure.  [art 1 aof the wable shows the esult of the fechile =oil. The taber yicld
of the plots 4 ao0d 5 mumured thres mogor wuiriers clements o polassisn deeply
in 1he Aail weee shoul 25 percent higher Lthon thit of the conteod plot in aedinary
plough that iz pld 8. The ficld of this cxpedment wes fertidc and the offect of
decp plouph was mlsu obseeved.

G Acubm der Lym)
[yom rhe GbEan

0 Socts dercived
From choe tutar

#g. % LCistribwticn al twa klede rf Ehe rosas
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Toble V. Effecrs of deepn aoplication of srineral makuse om the vield of 1weer

prara.
1} Fermile Seal [ 1966}
Top Tuber weight Avrmount af faenecil
Flot  wt. [y Marermanare elements kg 10y
ka/ kgt [ndex Ch Surface eep Plwe
1= 10a M F K M F K
o433 2686 100 121 324 3 10 M — — — Deep Plow
3460 ZT06 100 12 306 6 2 20 — — — (37 am]
11T A5 250 106 128 332 31 10 3D -
v 3535 e 112 13 ¥: 3 Ik Lo I 8 3
o333 2972 110 134 332 31 10 14 — — M
Wl — 212 — W — 3 1 |4 — — - Marmal Plow

Varicly Tamavutzka, Plinting : May 25th, Digging @ Oct. 24

Ty Pouor Soil {1965)

Top Tuber weight Amount of mineral
That  we, Orv Matier  manure cements  kgd140a
Surdace Decp Plage

kpsi0a kpfllw Indes % W OF K N P K

I — Ielr 300 %3 3 94 20 — — — Xnomal Plow
in 2930 M) 130 3.9 4 20 _— —
] 3140 e 115 3l e o4 28 — 25 — Decp Plow
IV X2l 430 1MW 3.0 4 5 1 — — i

W 3150 240 40 333 4 23 1) — 2% 1D {40 cm)
W] Jidd 240 150 2.0 2 23 1a 225 10

Vimay - Temayuleka, Flanding @ May 25, [gging - Okt 20th

In the pueor wml, as slpeen i Par 2 of e wable, 1be ¢fect of deep application
f potss-inm cnly, that i, {Fhat 43 wis o mere than that of the deep plouch,
thir s (Plot 210 Im ahis case, ihe decp applicaton of shree major ooirdene
elemients, that @5, (o &), was unly efective,

In the cthee cxperiment, 0 was obscrved that the deep applicalion ol
putzssium only 0 the prcer sail wathored thpe rocls, wheateas, the deep applicilicen
of it owlricon clements kept he couts holdiog bealihy.

Lt would be impurlant that the balanced aboorplion of three major notricno
clemenes is kepd o undl a Jate prowth scage for inereasing the cwher yizld, Therg.
hy. the deep applicaion o nmnegal manuce wouhd be an elfzclive method.



Il --30 HOOT CROMG S¥5R TSI

D, Sidrak ;

Frof. DU Forpe, if 1 bave gnderaignd you cortesctor, ot o parileubar Atage of growit
rt the cbet Rid Icoves n Iqish prdsie, & shawing dodwo of ibe Fowlb OF 30e shelor and
legwis balyn place. [hee=s LBhs calife LBECLELOR of LOBEPISALYGE OF [nCehpd: LA the TELC
of tuberieatinn nt Bl Eridh paelelo? 10 &0, ¢8R this De come om g IPTSC feRb:T R we
dacresse or oorest (e groweh of the shents pn order 1o Inerease the tubericakion?

Fraf. Miltherpe -

1 L1epf aml abem goowih sledds down, 1Ren lnber Imicdation snd grewlh bzwelly
CHmmences. Thix can be achilewtd 1o applAng stem-clongatHin —sLATdants — sub-
alpneag like OCC and BB Alen, @0 npivrsl condudons when the fuber stArts 0 grow,
Lhen Lateral branshing abid the ndUaotlan of leaves from the =xlsdng spems s rapsce.

1 think -het im He Itksh pobato thie 3 peettyr mach o elrafght Coiopekitlao effecl,
invalving mioblllzatken of mipaTal elemenis, Thic anpears 10 ke the Dot of Feae-
mer:oce Ly bl plant, 10 Sore othep plapls Lhere are qulbe differomt pespanacs, Including
very Itrofound meetabnis chonzes, lneeslved dn senesceore, Buk | oo nol thenk that
Ebis i3 the sltwatioo in the Irish polsta.

e, Bfdrak ;

Im. Fujle=, vou ocealloned [hat the LULcTéate in the= potaeslum content of ithe Loat
will chlase AB JBcoess1e LU LR i 0s et e sosdvity ol Ukae eawda. Dioeds thay mnbinue
ba D the rate, tefmrtlars of the age of tha lraf?

L. Fujire !
The elaze retalion beiwveel FIOLHEYACNESS AT poraktiom ooncenirotion 13 obasvves
appong the katne aged lepwes. but 1t 48 ot ehserved amang tbe l=aves of differenl age.

Althouph potassivm concentraton in the younger cavim pewr the Lup of stem is
et Mipgh. they heve the hlpher photesyaibenc scilvaty,

When IiibeE=n oonlent In _I-E&'I.TE'E lx Lrw, for edAmple, below ahout 2<% in obr
meperimeti. photngynthale setlvity 1a wered, regord loss of polos—ioes cgniept,
A= Dr. Humphrle: Indlzated, we hove alva coosidered chaf pholmyrihelic sctovidy

will be conteoled by the Thte of movemnenl of phitoiyothelle product fPom the [eoyes
{sauree) to thy wher (rlnk).

Potanglutn will cRus the arcolovallsn  of ﬂhﬂ',.ﬂﬁ:.lnthf:l;il: goUvlly pf Lhe Jepy=s,
wrmgh the oremert, of (ke grawth.

Thet, L[ s HdTe aaminilea] 1hat pajassiom 15 COnbinuawely supplled o the tuler,
untl]l & lelet grawlh stace.

Hr. Ifn;.rur.ft;.-' !

I wormld Jusl Lke %o feke 2 vety briel comoment oo Prof. XMA%iTpe='s paper. bn
vote LhAl the growdh peeteeng of 1he Dlgscorea yame arn 0 gnaeral, very élmiler ba
thpt nf the I7ish potate, I ihink che lag o Wkeer development actor the feaf prowlds
[ 1 rahgrur labg. Perlsps, Lt 3 Aomewhpt moermrdiale Letween Irish potato and aweel
potaka,

Pref. Al

Maxy 1 &£k a question fallowlng that? 1t ab 2eesihle 10 ghonge read|ly (he time of
jwsarination ewlativa tn J=af grovwth Ine Diaseoreat

Mr. Coprsey .

TMere 14 & frepE degres of pl;g’.h:-l[':,r norime o dewrlopiernt of Luteer, Evel In Gre
spreles there 19 adapiedeon 1a wecy wlde renges of chmoate es for e growth poclied 15
copteTred. A et as Lype of toler |s oupcermed, 1That s an exbemely eompiex asiwe.
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Mr, Willicers !

Can any of ibe speakers in thia seodon puRgesl & rapdd by tojioble fpdex whikelh
cauld arcyd the plant besodar in seleciing oot phelypes wideh msy, with & high
degree of rellaldlity, poesegs phymialoging] choracleristion, bighly correlated with plant
heblt and eulest yE1G7

Frof. Milthorpe

There da, of oo, 4 working party In thdy Bymposiug cxamoing ihls aublsct
wnd 1 am swe that they =oll praviie @ moch more profousd aoswret then [ oan at thin
stage. GewmeTally. [ deubt i there ic any wne simiple and fellalle Index which g Mo
sed 1o Aoeeas wiebl polentlal, exceyd Che Yield jaell. I 13 ek Sonpddrlant Wb fsllow
e groweh of the pluok {hroughout I3 e tn order to uHkeraand Ly behavleour ond
tn omeas bolh 13 grod §nd poor guelléesn,

Dy, e Sras ¢

{m the pant of the patkerh of Laber @owth relatlve e the gtoweth of the lend
stemn I have pehbiced @ 1w ektbellea of Dlecotes that Lhe gruwth of 1be trp s ceasog
when Hie (ulers Begln 10 grow.  This responge wibl ot be diacuseed [ oy paper, but
I linve o very pregiee indlepton sboulp that.

Prof. Miltherpe :

I do nob kieow whaibwr | mn profiably commeent ot whal 30w hiwe sold It seems
e ke 2 wery amilarc sikaation to that po Wi lrish palm.

Mr. Creaodimg -

1 gbaemm thel poder Barbadods eondllions twher  bsfking commeneed within
g woeky atier plopting aod tobers were hatveiled 1818 weeks siier plenting  Thila
wos rralderabdy =aciley Lban Walier's dala fratn Trlnldad presented gx FHE 1 by
Facd. Milthorpe. Prof. MUlelbergee, 2ould yiat augseed =ome way by which Icech pototors
in {he Lraplits ey be manlpulsied ta WHew NDighet vl The ooe dhing aw canmat
alter 43 unlfomnly high tempargiurg. Bat I osuwspect lhat with all the phrslalogicg.
knawlsdge thal L= avellpble trafpy, theoe may ha sepcepl “bAicks™ what could help os.
T mecond guortion Lo 1 Dr Fulise. In his toble 1 he lpdtostoa tRat spplying
patamium At L5 bk 1bhe o0Qitsl rake gave A0 lboomedase in yield o g pproxdme ely
M ihe tuherr.  What was the [evel of fertilleailon Lo this experiment?

B Faujise -

Effect of polaajgm on Lhe tuhed yleld L» dffetenlt aceerding 10 the nitrogen level
s potRsalum brsel of the spl]l Altwugh, 1t 18 dithculi Lo apply gencral crass, 11,
however, 48 important tp kw=p the sdequot: ratkon of polassium b0 1dirogen 23:1,

[f we manwe X or 3 times milasshrm W@ nitropen, 11 woold e pasdable b fnereass
S0% o teete of babar yleld, compared wilh the case in which pobsssiuo iy oot
mepuret, exeept IT the spoelal poor sl or 1o Ohe Ddirogen loa rich xndl

Lrr. Ropes -

Yo mentlanad, an the plaabletr il exbsted e both s e of tuber Wdiladen
amd the rate af taber bulking, which veried colslderaldy wlth vampes cnvToORTERLE
rartore. Hewve yod faund simllar vardstione hetwnen vaeke1€8? And the rolitive extent
nf eoch jo the environmental plaatcily lo the vorallon 01 the warke e,

Fraf. Milthorpe :

Tes, bwere 15 quite a targe vaclebad waTEallowm, buae T thapk ihal one can elmosi
achley= a mbch by agermpmic management, of e ope varlaty os are cany, By atberlmyg
peoer invelvitg Alfersot vadefies. Cnrtainly, the late vatielles ab Itlsh polatoes,
thel iz ones that intdale tubeps Jate ard @lve the highext viclda, ar= more TESPRTEE 1w
10 shiTt days end Lo Jow eempErpeilTes Lhao e carly vacke;ies. This meeans 1hat when
thay are gzown — g thay pe I Bucope — wbder vufavournble daykengtio, we have
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A mhorl-day variety which 1s lpidstioR lo the loogenl deve of the AT, becsuse they
oLre mure céBpHmzhod TeeRny thet tbey delor tulser doktistlon 1 thikk the ke=y to soms
of the probletes o fmophes] cond [lioos may well be petilng the eegd bed tuleens In Lhe
"cortect' alkge, At thee tloe af plonling. This agalm, coe can de by 'manu@emesint during
stardge’, but this might be wery edpenslve lecalss b Desjubrfd sbrhel cooeteol wd Lhes
tern peratire.  Nevecthelese, 1t @9 11Kely thar the msloe problém may megqubee wemy
cpreful maolpulatlon oOF the seed iabrea beiwepn ithe o of plaodng &3d ihe Hne of
prodUctien.

Dr. Wilspn

W'e hevwe beon comlog arouwnd to tBe Jdéd that the whalg p¥ord=s of ‘uber Bolklng
Is che end 7esuli of o =eCles of ml'pMogenebic Thanges. T wonder whethey Pral
Milthwrpe cowld confrebt ob Lils Strlemeni Ly celation o hie ehsarveilnng wLlEL 37ash
JENF R R

e Milthorme ©

1 44 nrt krnwr whether T ean MR weEy Uch ot o WHAL T siated Em Alde fupear
whith | think emphasized Lhle vlowpaitl.

r. Wiltom -

I was thinking along the Haes that wher bolking i3 more depeodeot an these
marphogriebe chacges mther that Lbe total amownd of photeayborat= produced.

Prof. Miltherpe

I thlnk that 11L8 13 30, AR I was tying tn say brigre, 1 welleve vory rmdy thar the
raie oF bulking of tha plant, and therchy the fnal yretd, s ret hy gboot the e of
iuter Imitlatien, Thereafier, ape from abe elfecl - the effect of sbortage of water
.— the vonttol Ly clmast snidmely b nbarme] Fceacn, 1be whole Bulk of complex factaks
lmutde "he pland.

hee. Wy -

Mr. Goodicg ceparted In o ARbiinst receolly presenled ot dhis oReseemby 1lpl
{ithrmratlan io the alata yams afire eslabilehoetnl seemed Ba be delapeed fop o poriod
of ebolit 3-¢ TRonths: &fter which teber bulking pnd the elatocatbon of l=af aren wis
vory thpid.  He sapparently correlated thlz sith the time ieken for the morpheoesctlc
differeniation of whal oppacently was 4 Lubeer primerdduom. We hove mace aome
il oldarrdlang Jo Wi RWald Be alorae Cak o tell me if ghe paltemn o
dewrlipmert as puggesind hyr this dpep divergee bo any gresl Jdegiee from other real
oraps kenwn Ea ab?

Pral. Milikarpe -

Mo, nol really I dHuk thar, 48 & =enee, the bash patrie odif Rlevays oeepand In
ihis way. bal not 10 swch & marked degree gi ot puibited aul. T o ool By LE you
velahl-slied For Lhis plang the cage af fybec develapuaent. Rut eertolnly, L 1= toge dTae
in irw Itlah poiota, if lubees ace Inlileted at vety corly slpges they de nal goow
rapldiy et flral; they grred Bt very Slow ydfen for 85 long aa 34 woeks beione Lbe rapld
phuac of growih commenees. 1 elghd vory well L= soowith the sprelcs of wfoos that
vy mraikzaed.  Bui io fhe sogar-beet Lhie woold ool be wUE e malber bow the
plant |1 manlpelateil. This plabnt = wnder whel we may call "genelle control™ ac
Ulatinel fom e nviedcwntpl cotierol”,

fr. Redley .

I sheuld Uke to ask Frud, Mihwp= wbether e hed wade any rontesl envirens
melyl sxnarimanl=s b3 eschblbh hls slaletent Lhat cvenis g o1 the ILpa= I LubeT
Initetiny crondpol the aubasquert bdlkmgZ? Thir s & vacr irperisol palne, which [
Lthink may = ceadlly meplarnd hy gronedng peoiabosg under diffarent comtibomn s ong thrg
gwlichlyg Tlants frem ome cavlrenment to aogther and delermdnlmg Whetbher gr parc
I'ale of bulking dese elgnl9canlly thange.
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Prod, Miliforps

No. T agrac thet thie ix = eeoat bnportant exparlment 1o do and 11 &= oon whien
we hoye Jel dong, The svidenee ot which T besed this statement ia pechapsr leouaus,
baing Blj'll'rl:f Lhe cobstaney af the rate of 'Ell.ll-El-T.IE with Hme L a varying anv lrooo®or

e, Rowers -

Refrming agaln o My Cicacdng@ Jatbw af thie= =arly start 9f tuberlsatlon and tin
[l that vou rneftionsd thet plamis doe ot ‘blay the yamP® if you made thesm sfar
ryhartsoilan earfly. 1hey tend to ered pp with 8 luwer quila of fubers = In focd we
wont to chang® 5t wery gradually ta o muoch Taher date of tuberlssibon and thecefore
Fel & Jacper bulk o tubers ab Uee =nd.

Frof, Miliharpe -

Thin m geile passible sgrin ¥ut 1 thank that 1 rznna rammenr A6 ALl hers.
hecspse 1 da il kEnow murh ebaut the plant. But 1 Lhink thor thin ks poita §
po==khillly. The only way, af coutse, = to Flow Froeath o 1l plant 1hrooghant 1ke
crvie, And ooe whatl s SappelnE and atrermpt to chBRg~ the teaponae,

The *wp= of recpimae 22l chonge mdta 8 kit wath the sprchbest gnd thic s why 1
trled v einphakls= 1he dbfforences hetweea Icish polatees 2od sogar-beet besoice fhey
pronAce rwen nxtremes of plostichey.

S, Wiltox -

1 would |ke b0 make a comenral on D, Radley's question, heeagse 40 13 the (heain
np whiih some #f my lbras rac bhe imporiance of makalogenetlc chanyders In tiohere
hutking 2re Wasd, Wew, some experimentd. Slmiflar o Whose wich vou desemibnd |
Fhave bren dane by Evant' groun At Carmbrldes seqd they found thel when planis are
changed framy ape g2t of cerclilboms o snaiher, g fram low femrsotabgye lo high
tempetal nbe. theme weage comalderahie altnrodons in morphogensgle of 1he nlent. Such
planis 1pak pnme Wme to weslabElsh themEels= In the new cnslronment bl (ke
marphaeenatic chawfeys  nvolval semesd o a0 g osaybrtate modoctieon fed
utilization rather Lhan wics weess

Prof. Milthorpe -

Thic 13 4 *nmment an your commenl. 1 belkve thet une moede o be cputice In
srpuing ftrom the pocely vegetaHve plavil o fhe foit cfop. Alse 1 think thet the
respoases which you meenlfoned are those which are Fund D ke verr 4orly stages
of growth, The mare the planl sdwvanrea lthomuph e grescth opele, the  les iE
reapeonds {0 oy chanpges o envitonomeolal $8d0oma.

e Wilion .

I thakigli 1hen it wac pathec Interesting the: o ezperimenty cerrled o by Whkke-
head and Meyecsenugh, alone simalar Tines, foult vield wos foand 0 he eelgled Lo
whal was desePlbef as  a plicfbastimiheile eflily' whlekh Was divel! Ao oxpresatom of
maorphogguetls changes el ooy rred B g il ofibageny .
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THFE. DFFENDFRCE  OF PHOTOLYNIHESS OGN CARBOHYDEATLE
SINES: CLUHRENT CONCEFRTS.

E. C. 1humplrens

Redrncsied Dxperimensal Sration, Harpender, flecs.

The process of photosyothesis thaot leads te reservos accemulabiop i plocs
depends porpanly on esteral condmans, especiably paliadion and oo,
bul 1there 5 much evidence ihat artermal Eactoers may limil productivity.  Thus,
fuarica  of {00, way btenme restricted  wlen pradezts af - pholosymihess
sccamulate i leaves becawse plants lack switable sinks indo which sarbobydrate
cart Bo leeeriegd wmd raeslocanan i shisc] dowen. he -.“ll‘rjEl:I af 1has papuer 15 4o
coneider beth cor present ctafe of keowlodge of this subject and alsc some of
el comdichuy affeating tink size.

It is hy no means a new ided that prodacds of  assbmilaion anay Limoe
phatusyuthesis — of wis demnitirded i the Billee bal? of e last conlory when
plant phyziclogy was emerpng a5 o sepaniie subject,  EBwen before Ewan's
|::JI-:|!r_'rir||L"|1‘.h i THSS [Ewzal 1595} wivdZal relevant abssereatnos were eporored
an the Titerture. Fiwarn olserved that whan matpre Ioves of  Firs were
enclased iy Br ammosghere of 105% U0y, assinubilion ceased afier 4 vy vl
was restored alter a4 pecod  of  durkness when carbatydrales wers used up.
Thung (1928 anrd Berlon-Wreight ancl MceBean {1932} fownd polalo leaves
inferted with leaf roll vircs photesynthosised less dhan Fealthy leaves, presumably
hecavse produci~ of photodynthesis accomulzted inoinfecled deaves. Kursanoe
(19451 densaid chat detached Teawes of Medlar kept 30 the durk for 4 Jdays and
then dllamainielcd asodaicd more then leaees iflunonated daily.  I.caves with
Freir F:-mi;_‘.i.:::-'. in E'u{l_ﬁ{! eplufion askimilatcd lesg than leaves wath their |‘r|.'Li-f‘:l||_'u in
waler.  Hingeel Mieag plants assimilated less than unringed plaats. He concloded
thal accomulaticr. uf sarbobyirae was pobably che chicl b aar necessanly 1he
wgle reason (ot essunilation being decmased,  Luring the kst 24 vears many ines
of work Line swppested o causal retation botween sccomwlation of assimilates
gnct lessenmp of assimilanen, and Muoller (19600 viewed wome aspects.

Fuidence frown dervelomd lrarvey

Cicwaclall £ 19450 frnrad nhat detached 1omain Teaves assirmilagad <lewer |han
aniehed leaves and dhe dilfersnes wis greater e the aflerncin than i e
KLormang. Simililll'_'.'., Baraw I:|'EJ"|5U':I found Cwat phﬂ[nﬁ}'rnhtiix Wlerwed i detacheod
leavys of tea and =unftnwere az 1he proeducts aesamolated, ws o oalso did Hall amd
eithars {39051 wath bluebermy leal dicks.  {Hher instances are given by Tiviogdon
and Frunck {1940].

Evidenee frivan renavel of plaxts marts

Yone asciwilate 35 [ikely 10 accomulate in decached leigwves thaa o Wives
atvached toe plants but there 0 mweh evedenes st they can alse accumulate in 1he
leawcs of intaed prants thol lack sdeguale sinks for carbohydrare, sech a5 rapid
weretative: prewih, [FUIGE OF SIELRE Orfans, Mosoe (193%) whsered That remaving
canmon bolls halved phutesynthene sctivby of the leaves in 24 Jiurs, Bicwclg)
¢12438) similarly Eound removing maize fowers decreased fodder wizld by 2575,
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Mown (1962% alga apgmimaed the efect of boreeuness in mive: on pet essapplasien
uf CO a » Pagag immature Heeweoss slovweend OO assamlation and eteased sugart
content of the hissue From llowering 1o harvest dry seeolec incee ascd only abot
half s rapirdly o Baveen plaals as 0o lavts wh nurmal ears, Mose alut found
that removing temino boots dmninished  diily sssimialion L ondy 125 of the
wiitial rare.  Khbeiralla and Wihaonpwe (1962 ) absevel 1hat wel gesimilation race
mnereased o domater panis ndgmts the el af thegr pressth peiogd, an effecy gl
ntight b usaocdinled wich denimds of rapidly developge Traiv,  Zaklcsans ond
loreses 1 {5‘]‘(5-‘1] whhrated leaves of cotton and mnde wilh nugar salylions — i
halh ';;p;:l.'ir:-. phf&-lalh'_-.-rllhr.ﬂ:i'a dorreanel gronl SU% voen aller ieeabienis Bat
parilly recavered Fater. Yermalisation of folins seemed ned 1o infloence erowth
i Ehe wegelalive sage bur spocded giowly o e reproduckae phess, prabably
beoouse reproductive bller. penw Laster thap vegolidive bllers because inmcccalmy
recvistematas lissoe Toncliums as a sink Wr asssmalales (Silsbory, (1965, Ham -K
(19ez, 1903 ) cometuded 1hal accumualition of sueens o desmg pasmespnilicsy
sipar-cane Jcoves whibned phoosviihess gl thin 2 fa00 e of phetosynlhesis
eespuired efficienl tracslocation. 14 phovceynrhale moves throvph doticied sugos-
can2 blades as Sast a5 10 <mibe plas a firt bon s'owed with tme sl sione @
secwmulated o ahe kbaze. Trapslocation was incrgesed by supplying @ sick as e
leaf atbached 19 2 4-jodot cutliog of stems o by darkening the bose of the blace
below che Tod part. Harlt (19463) showed thol wheo coots aee cold e Ty
ppaird w Lhe gylem and the dowresed mavemeat bedh ol erpape compuounds of
32 P and pheaosyibads wa2 slowedd cdiven Bock o Bolas 19500 G elen
el wiguncm: apple seck Orab O b woogreoler mean avt aisizaikeim eide o
',".-'I::'Iing L% i:rru:-.|:||3|!|i".'t af nitrapen supply . Magps [ 1930} segpended 1he iporease
in nel aswmilatwn rte oy oepple mel sack grew Tarper was beciwoee 1he <ites T
depisiticn of syaithesized malecal were relotively larger, T oar singk warigties,
Mailirg X%1 and Malling 11, showed a dhfTerem vy weighl imeres.coin spate of
similarity of leal devslopment. The dry weight increment distributed oot Tarpe
pont svsbonn of Malling XY resulted in a relatively preater eawobaal surface than
when depesided i thickgrming i the siem (Malling 1), Magps thought e il
mace ckieative cambial surloce provides a large sink, which snuke. Gw woliage
s 1 sneey efficient. He (Mages 1963 ) foond that 2-yearantd apple trocs aalh
Howers ar froits remuoved proadwced e gatal Gry matter per ol 2reg of e than
trees walls Hlowces and frus Chandles and Hednicke 1325, 1934 also had
avigdr ey prECnes af 3 fruil Crap [} AR T R O [ ; Frosichvity

If Twaves someomes Toncomm belaw heic Toll phosynthelic oflicieney,
rercneal o a pare of Wheon should maks the remaander more clMeicna. Kicsclhogh
fl'?‘d-&l] Terengl rl_'ml:l"'.:il:l_n__ half of cach l-af of rmoeee ol Gme of 5:.|k_'|r|g curanfed
further inceement of dry matrer by only 224% aof noomal. Yhe alficieasy of dey
manar elaboration by the remaining half leaves was anceeased by SO% per unit
of feal arca  All-un and Watsom (UG alse Tpemd 1that, when faminas  wone
removed frony maize, Iess dry matter remainsd in the alem and 1he phooesy a2
elfizwncy of (he reanaaning leaves was appanentdy mereasod,  They smores Tha
differences in pram yicld ef mane, ior eaample between varicties. may thereiore
depend ey differenzes in the capacity of 1he graie o slore dey matiee 55 owell as ap
the sy and el ey of e |:':l|1_1I:L's'-'-].1|I|'|EI:'i|: syslem In riher wonds, siok ity
of prains may be en importam factor o deciding yield. Mapgs (1963 alia
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ghomwed that removing someé apple leave: inerenzed the rate dry matier waes
presduced by the rensaining teaves. Simulany, Hunsphrics aad Dysen (1943] Eoangd
Lhat cemoving some polaly lealels or axillary shoos insreased Ve effvency of
reatbiaimistg Teaves. May {1960 sugge-led that slow transiocation in some presses
femited phaotesynihesis because assimilades aceumulated.  Preventing phojosyinhess
for s while at mid-day incressed yeelds Dy wp to 30%, by allowing excess
carliohydiare 0 be remowed (Wend, 1858%. Sterm {19451 points orop dlear
radialion dexs ot ap 10 be the primecy limiting factor deteremiming <oltun
vield and emphasises the impooanee of sotable carbohydete sinks,

Evidenee frmm momputation of ok size

Experiments in which rize of sink ig changed also soppen The adew that sink
capacily snd pheatuwsymbesis am positieely correlawd, Bort {1964} Found that
remaving pedale dubers 21 days after they formed alowed he per assteilacion
rate gndd I suppe.ted acsintilaton by the leaves In bnght Iight may be restrcled
by their abiiy 0 v or o products of platosynthesis. Buct {15966) funher
alwowed that, when tobors developed slowly in the cold, wael as.anmlatinn rale wis
less than when fobers developed faster. He concloded thal  envimnmental
furtore mey regulite sink girénph and plan growth by conteolling zither e
inenalion or devclopment of carbohydrae sinke {or boch): cosdpioos it
fuvour sink mitiatin (few sgtrieots enod cold fibees) may differ from those Lhat
Favour wse of carohydeate by sinke [phundant netdends and warmth). “oskerpar
wiwd Humspheizs (1963} confmed that rerooving tobers dejpre.sed g1 assimila-
tion mte ol pelaty plants aml pereesed the carbolipdoale cantenl of slems and
leavea.  Asmimiletion was déepreesed soll more when lack of nitcopen lustited
growrlr, Plants with eburdant nitcopen deweloped secondery sinks, soch s
second order Jateral branclizs and accial wber, o removing 1he primary sinks—
the tubers—hed less effect on et assdimation than m plants deficient v M.

Mush (1960} showsd thal the attachmesd of 1k muvher wwber depresscd
phiotosynthesic; which he aitdboled] w3 ot supplang cerbohedrace 10 the leaves,
Hrermner &nd E! Saecd (19653) =pgeesied thail the smaller food csemce; i smrall
patato seed lobers are ba some exicol compensated by these ewerwes allecline
photosyothesis less than that an larger ssed tobers, and may explain the groator
efficiency of soall seed. Bort (1963} found that spravmg poikne plazic with
urti imcrempacd  rhe pel assimilacoan tace, swhick may el the preater Csink”
sireogth of the whers cidher than e direct efece of nitrogea an phatsyuthezis
and fraglecation.  Tsuno and FPujise {1965), who inbatrites] tuber prowdh  ia
sweel polarn by exposing the mebees o light, found the treatzd plerts phalo-
syoihesised less and bad moce sturch in their leaves bur they detzgnsd nn changy
i the dornal course of photosvoibesis ond corcleded 1hae 1he mafe of mocyment
from 1he Jkeaf, and sed secomulacion of carbohydrales, congkale mee of phoio-
synthesis,  Wil:on {1966) painls oul that arclic planis have small ner assimilarin
ratcs probably becawse sugers accurulate ju anscrands tha depross assimalation.
oy slows sesparateon and mew plant growth mace thon it <lews rotes et whicl
wssimiletes are prowhezed.  Thus, the L}Imfm rospiration 35 of she ardee of 3

But for el assimilaten i aboul 1.2, At plools slsa end o ascogmulide
supaTs hecause (hey are w.Uuddly deficient in N

Substituting 3 mare eficicat Aok fac o less eficient onc can Also sncrease
oet assimilation.  This, when Theme and Evans {1964) grafled tops of spinach



TEOMPMIRIZS - CARBTYDRATT STNEY Im— 37

bacr plants, which have poctly developed tap rools, on to rools of sugar heer, the
spirech bect leaves azsinilaedd joswve presonably bbcaose (e siok was grealer.
Sweet and Wareing {19861 s foand meenipulating the enk in Pines radiera
seedlings by removing the plant apex below expanding leaves influenced ped
assimalaticn, alier 8 ar 16 days vl photeeyndiesis il Jeereased, moge in bright
than in dim light. Howewer, this coold have happened Because the ank [|'_|-1-
wesimilales wos sosaller or becavse the docepitated plaots conlaincl les: awxin,
The pecsibiliy vhut soxn may affecl rale of pﬁfﬂmynrhesh will be discazeed [mter.

Bestricting ool grovah i gotton §Tavlor andd et ol 1953) and in sugar bect
(Wheeler, |66 pers. comm. ] affected prowth and yield, but whether because
leal cfficicney was inpaired by dithimshing sink sime, or for oher Guse:, s
oot ceriain,  Humphoes (19534 sacied de et of et prowth of detuched
pamed leaves of Plareolus ither by use of growth substances or by varying the
temperidute arcuod the enots. These rooled leaves do nod produee hade 2nd 1he
roars are the main sink for carbobydrates produced motbe umina, Met assimilation
wits ponielled by the rare carbohydeate moved frooy source to givk, which o larn
depeoded on the growth of e ool s5den. Brpetments with coced loaves of
two specics of Phosealur {Humphogs, 1267) showed that one species rooted
mure Trzely ahan the ather in dhe cold amd then essimilated faster than 1he gpecws
that yocted less well, AL wirmer snperatires, fhe gl grosth and et assimila-
yion ratez were simifar in both species. COC lessened assimilaiion in Sinapis ofba
{Humphri=s, 12A1h} aither becavse it dicectly nhibitzd  photosyatheas  or
heeause the dwarfvd slem of freaicd planty provided anly a aoal® sink fur photo-
syilliues. By conbrast in sogar beet CCC did not affect net assimilation posaibly
bocause thy ety provide 1 large sink [(Humphric: and Feeach, 1965), In
potate, CCC dnereased leal effmqiengy §Lhyson and Humphries, 1%66) pocsibly
hianse trealed planis tubered zarlicr.  In todal the evidence supgests than €O
does ool act dirgstly on assimilation but wdicsctly by eltering sink sizc.

‘When all the assimilate which would oovmelly zccumuolate in a sink can be
acenmodatsd in stems, sg Nusberger wad Thome, (19065); Allisun aod YWetson
{19667, assinilaton cate 8 oot altered.

Braughaen {15961} supeested chat plaots with large storeme crgans hawvs an
cvalutionary edvamtage. T the same way, pooduction of bulbds which oequrs
i vlited gencea of several plant Damilies, may be an roparint means of isolating
warplus carlilsalvare (Buckhill, 19607,

Efect o ervirarmenrt on sivk develepment

Mioeral noorition greatly afecls snk s Thus, Waidson and Ropusell
[1942a. 943k and Woodiman and Paver (1944 ) showed that nitrogen increased
the watio 0f rocta 10 wops in mengelds and eenips, which Aaney (1952} supgests
ic becagse e meristen activity of the leal primordia is less affecled by nitcogen
than the cambial activity of the eootls.  Potassiun increases tuber yield of seeect
pedatne. without ooy corcespanding clfect on rhe geowih oF wps, and Tsene and
Fujive £1965%) sugaesl polessium acts by sccclerating translocation of carbahydrace
from leaves.  Austin (1962 ) Tund Tack of niteogen inereascd amouni of sugar
in recl begt leaves poosibly because it Hmited wisimitation by clowing translocatwn
uf supars Troua the [eaves.

Other opvironmental Gwtars amg smpartant v detemmining growth of sinks
ewpactlly i plants Tike Solerus dewvissien), Debfic and Saliantkas reberaius
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where exposore o short diys is ngcessary for storage oreans w form. 1 would
be instructive Wi compans the nal assineelynon raics of such plants woder lopg md
chort days, Differances in assimilation rate i <differen phalwperixds were noled
hy Ragle (1942): short-days increased ot in Kaelewcloe, which may indicate g
Jimrnal decline i1 which assimilaory efficiensy @5 large at Ui begioning of the
light pertod but less when assimilates sccumulate, Driwcnal vecialions in diy
weight szcumulation have becn noted by other aobors {c.g. Croodall, 1945).
Went and Eopetshecg (1940} suggested thal phelosyothesis stops when sucros:
1ceclies & concentration of 2045% ol the frosh weight.

Dwring perinds of tleess, & g dravpht, planc grow slowly bat when Lhe stoess
i+ removed, they often grow and aesimilate fasier than unstressed planis.  The
mnciease g nct assanlalan when pleois ace wateaed afier droogln, @5 Dheen and
Watson (1956} and Orchard {19633 found with Sugar beet. coald ezsuli Fooww
incteased demand for as.imiiates by meristems previously  retaeded By owaner
strese. M Lhis explapanion & right o wauld e peegssaty o demanstrate accmuolis
tion of cerbohydrate in the Icaves during drowght, and Kemper ct al (L9681}
spociicaly aticibute the increased prowth rate after relieving soad-moistore spness.
to ecomulation of carbohydrate during e Jroughr,

Evidence far sink effects in normad plerts

The evidenve for a relatimzlop LBelween sink size, which is ofien egueted to
growntl of a pland organ and assimilation rate @ rzadily demomstratcd wles che
plant is i some way neanipolated or parts amputated, Bon ot i meee dilficelt o0
show that siok phenemena ad as wporiat intetnal fuctors conlrolling phodo-
syntlezie  im intack plants. Bost plents possess B rcady means of uwsang
ercess cochohpdrale, namely, by ancreaiing growah of the ot syatem,  Thers s
oow Bbundant cvideoce ibat the growlh of the root sysiem does not oecessarily
eractly pasallel, day to day, the growth of the shoot. It has alrsedy been pointed
out that 1he roots of detached leaves provide zn adequate sink for carbohydrace
produced by the leaves provided conditions fuvour root growch.  The root sysen
wf a0 aotact plant can probably accepd al carbohydrale 1he chugl can supply. The
root systerm is an eficient carbohydrne sink becuuse it is polontially of wolisireg
prowlh and ha. many menstems, whereas shoot meristens are Limited in number
and theer prsductim pazibly ywder intersal control (Folfard, 1955, Humphries,
19667, Thus. the morphalogical nature  of  1the oot makes il an eficicn
carhuhydiaie sink aud it £an function 85 a safeey walve for surplus carlaodhydrole
From the shoodl,

There  is coosiderable evidence thal root groweh is dircerly afeqred by
wssimilatory conduings,  For casple, Mocwscher {1922), Shirley {192%) amd
Reid (19203} all showed that boght hght increwses ool growth properiowly
nete 1han rhoot growih in cercals and herhaccous plants. Al the proportion
of shools W moels Jiffers o differen) ssons, and long deys prefercatially en-
courage roots. Wassink (1957} showed there was a close relaion heiween [ight
intersity and vood growth which i decreescd by shiuding (Blackman and Temple-
man, 1940}, Remrwang buds [rom enfdan increased  the  cood eystent @y o
percentage of the whole plant from 15 te 30 (Eaton, 1931} and # greaer percent.
apes ol lebelked photasynilace eotered the oot system of soybean (Melson and
Gorham, 1959] and sweel potnio (Sekioka, 1063} in beeghe Tight than in dim
lighd. Htarck (1963, 1984} roncluded that rocds afec) tmnsiocalion from choors
borgose dhey are impartaot sinks of as.imilates.  Trslocation of Y C azsimilare
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i pine serdlings with well-developed roots exeszeded many Gmee that in plants
with a poorly developed root sysiem {MNelson, 1962, Dhwyic aod Lingls (15617
suggeled that eold diminishes the effectivensss of towato roots s o siok for
phlocm—trap.ported matemal.  When pholosynthesis s woTeased by Derea®ing
wmoapheric-C0  conceotration, o growth inereeses relanvely anore than shooes

(Reid, 19296}, ind Whate {1937 993 coscloded thal bedeazed osr apsimile-
tkan rele from any cance produced Lenmez calnoes with longer moots,

I sememys o g-enc:alrﬁ:nri.ntjpl: [or roois to respond more rewdily than shoota to
a supply of cacbohydrate. Parhans wariabdon im rosoc wih rale i usoally
grlequare m deal with doctluations in corbohydrate supply {from the [Erves caueed
by the chimging govironment withoul carbohydrale aceurulatiog in the shoot and
affccting the rate of phoicsynothesss g thery 1y evidence hat the ool Ayslem
is mn Jlways an adequate aink for sorplus carbohydmate; for instence, the Gbous
rool syslem of plants with wndergrovnd sumage stens of ros sccms weable @
grove eocugh 10 nse all the carbobydeote the choot con priduee.  Thus, removing
tubers {from polatn plants, 89 already meotioned, depresses assimilation (Burt |
Mosberger and Homphrnes, loc, citd, Al5o, peeventing gron developing an oo
plonls intcased aoot weight by only 7% (Kicseelbach, 194E} which &id oo
maks them an adequane sulisiipate for (e car as & storage organ.  The amownt
of carhahydrete diveried o Lhe mot syslom will perhaps depend on the disiames
1 hics e tpacen). Tlormedecy § L9621 showed thal in general the amount of assimileaic
capored Erona an -:;l-;]:.ilndl;-d Jepf A nle UTICE arrd rocd s .tl‘ﬂ'l_'l.'iltl'rn' p:l'n-]:rn-:rlil:l:ll.al W
the destanes froan those sinks,  Fibrows roor growdh slows ar stops when Bowerng,
apdd Leafing begns aaid the root Teses it function as e cacbohydrale sink.  This
may be berausr of competition for cadpoliydrates vr because, ay Fescnde {1947
aped Selisn {1956) suggest, aoxin is used 10 the growth of the ioflorescnce. .

When wswal storage of carbohydrate v denied ro the plant, by meroain
AOCAES ofgans of mernstems, sathahydonte sccumulates in cells of 1he stems,
leivys and fibwods rools, aod hes scems to be 2 pre-requisile for the depressian
of photovynthesis  Somenirmes, however, the plane can alae eotbohydeste by
mndifying its growih.  Thas, detached potolo lewves sathoul rools eme their peticlos
pruduve swellings au e bases of the lcaflois where the cells are filled with slacch
[Humphries, unpublizhed). Booted bean leaves wse carbolivdrads e extession
proweh of palisade cells (Humphres, 1967 oz o) Dwckereon and Edelman
(1966 ) ubveevegsd thal, when ieber nilials are removed irom planis of Hebiosthey
raberaiie grown an short days, the filirecos roow peoduce qober-like swellings
MMed waeh fTuchos anes.

Litlle i knsovwn alwour le wey in which accunntaion of sarbohydene sloss
down photosynthesis,  Possibly mene than one mechanism oxists,. The simpless
winld be hy swomatal control, with stomata closing =hen Dugar conent. increase
dhove a0 cwrlom walue, [ee CI963) repomod il brpe amautls o wugar in
thacco leaves closed Lthe stanista, bul in must plants slowing of photasymibesis
when sinks are lacking sezms wnrelated to ziomatal clesing. Wilsow {lig, o)
cuggested three ways in which acevimulared assimilanes lepress aesimilstion. (1)
4 mass action siect; (27 eweymalic comml by the phenomenon of repression or
gl prodact dohibition™; 1) physical obstruction of diffuzicew ac light trans-
mission by acgumulation of assimilates in eviopkaspe ar chlempias,

The mechanism by which sinks such an goowing s, stelfge eroans ol
fruits acewmudate websgances sosoll wnksown— it §s ned definiie whather ztorapge
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oreams are passive accentors of catkahydroe o whelher thes: ormans acsively
pult subsiances  owards  them. Wawon and Potrie [1%40)F Jocpreted dhe
wiatrilisiag 0l ol thy wpex aodf Grwers ws o sink e which nuirients flow, bud
evidenco iz incropsing that the procrsses of occumulation s under hornonal
conleol.  Yarious authers have demonziraed chay applying proveth subsiances e
pranc organns nitiare muebilsaon: thus, Macre and Muomeck (1235 found very
simular accumulation of carbolivdrate Both m kind amd arocert o lormans eeanies
whether these wore fernilised with pollen o sTeawsd wilth gean. They cancloderd
Ean awnn Acied by mokiliing reverees from othet tegions of the plani. Similaely,
Dravicys and Warcing (19605} showed that, when TAA wes applied to decapitaned
shaoty o Powe or dishudded shoci of Posulyy, 3P moved 1owards the ipeansd
region,  Acormulation nf 220 hy ke decapitated second internode of Phaseedps
vedgaric was stimubied by applying IAA and further increased by kioenom  or
ghberellic seid (Scth and Warging, 1964}, The sirangest hormemsl mohilisers
arc Lhe kimnus fo.g. Engelbreche and Molbes, 1961 Mothes, Engelbreche  and
Solrumes, 1961 % and it s probahly zigoiizan shal all fruis so Tar examined wontan
kinens [see Cranc, L9641, which are sat necessaridy consemmed only with coll
diviston. |lewewer, no dicccr relativoship between the ahility ol fruis in
acrwmndlare sobstaices and Yhe conent of kimios bas yet Leen denanstrated bul
a buriher resewblanse between natoral accumuolation and kinin-indlweeed aecumula-
Gen is that they are ol vnsclective: for instamce, -ec-mninobatyric acid teavels
Io ihe kinim-trzated regien of o leal bl s 0l psed. Phiwphate, coiphale  and
pluctne  also  sccumulate in soch leiweves  (Englebeeche, 1961). Simdlerly,
museelienenus sphstances accumolate in fruits and sceds which hewe ne apparent
metabolic funclion.  The phonomencn naticed by Toenar and Bictwell  ([563)
tlheat duwciparions in photosynthesis of 8 [¢af sevmed 0o be correlaced wicth appear-
ance of buds way b connected with hormonecontrolled tcamslocatvnon. They
alen found sproying leaves with JAA nerensed mie of photosynthezis ofter 30
rairates; the effect did not ceflzct stometal cesponse. When 1AA was sprayed
un W g Pean Realler, T aascmilation in aeighbouring 'caflets morfased. Girlwell

and Terner, 19681, Coulombe and Pagpuan (1959) aldained a similar sesponse
with pikhorellic acid.

Knowledps of hrw storape argans maobilive teforves is of nhvinue priciical
importanee, besuse by mrocecing the amount of $ubstance llowing 4o 2 wink, &
mighl br possible 1o inceease photosyrnbenc cfiqieacy.  Warictal difgrences might
be related o the endwesneus dormene cortent of Tthe sk ong.
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THE L5E OF ROOTED LEAVES AND URAFTED PLANTS
FOR TIIE $TUDY OF CARBCHYLREATL MUETABOLISM IN
IWEET POTAND

L. A Wilsou®

Tnfradction

In & review of come of the physifogical determinants of wber yield in
diffcrent swert pototo vanieties, (Wilcon 1967} it becanie evadend thal the dimcgiog
of phedesynthate 1o fubers wag perhaps more anporoan g5 g delemminant of wber
yield than the total amount of dry matter produced by rhe plant.  The direcwna
of photosyadits to fubars, (oigana of peccananonn) wis considered to e an
attribute <f plint morphogenesis, a5 opposed 12 the photosynthetic atbibutes of
the plant which were more related 10 tote] dry matiee production. Final luber
yield was wopswlercd 1o be the erd cesult of o cenes of mucphogenctic changes
associatcd with the direction of photosynthate to sinks connecoted with Lleal prge
duvtion, leal expancion, lateral bod developoicwl, decreasing sprcific leof arza
and, gt a cenlain criticyl pent iw 1he swest polita life oyele, the tuber sink,  Fhe
Gmal halamce eylalslishied between the dwber sink at the sewera] allecnative beaf
sinks st harvest tme, 5 therefore, th gltimabe dutcrminant of yicld ia sweo

potato <pecies.

Three aspeets of carbohydrate metabolism ore involved i effecing thewe
reocphogenetic changes.

ta) rcarkohydrete production
{t] carbohydrate 1mnspoct

(c)  curbohydrate immobilizaticn in tober lissus, thua ceating a
sink capable of eccepting moee teanspor], carbohydrotes
Carbrhedrots teznspart and carbohwidrate immobilisation in 4he tuber sink, are
goncidered b0 be more impoctant (actors afocting tuber yield than exrbohydrage
prosjuctesn per s and these {facion ae now further eaominsd, vsing plant medels,
converienlly teferred to here 8: photomodels,

Mererials and Methods

Definition of Phytomodels

A phytomode], i here defined 33 o modified plam of pland crean, e
has both & roon sysigm and a phoosynibetic swefuce and 65 therelone amn ia-
egendant autedrophic, melabolie vnit, capable of integrated growth by cell divizian
oell expansicn, znd eell diflerentionjon.

The design aml wse of phytomodels ep, rooted leaves, pevicles and laminae
and prafled plonds, provids simple and eacy to handlz mechonisrs for the study
aof physinlngical pathodegesl sud biochetucal prablem-:  In such phytomsadels,
infeenal and extermal factorr in 1he planl envirmament can be varned ndependently,
om @ acale mar pesible in conventonal stvdics osiog intact plasts.  Phytonmodets

*Fresent Rddress — Drepactmeni of Elologlenf Sclences, 0 Wl 51, Angueslins.



WL | CARBOAYLHATL ML TABOLLSM [N SWEET POTata I —47

arc afso considered 4o have a wider applicafion than fi-sue culbtures, which aee
el indeprdant nor fuiotiaphic metabsalic wnies, nor da fissg alrires
appraosimae any morphagenctic condiven in the wisct plant Phytomoedels ane
alse preferngd to systerms weing Jeaf discs o wiber dises, which are of limeed
viability and vocertsin matabolic signiticance.

The use of whit is here delined vs 2 phptumodel is nol new and such
sy-luems have been proviowzly wsed in physiclogical stodizs.  Thos Thorne {1961)
deseribed the pee of Swgar besAfpioach beel grafis far examinagon of Gielors
gllecting veeld ciffcicnoes bolwoen these 1wa »pecies. Humphrics and Thorne
QI9aLY, (19830, (1964 alsu wsed cowdgd dwarl Freagh boan Teaves fur he
agsessmicnt of the size of the ool sink on Teaf photusynthesis,

Aleniion = drawn, however, Lo Lhe wiler wpplicatmwn of such phytomode!s,
pravided that they can be caliluared against bicchemical and physiotogical changes
known 10 accur in the imtact plimt Prelmiwary egperindents bere descnbed are
concerued with the calibration af rocied leaf and grafied plant phydonmndels of
cevaral sweet potate varietis, agininsl changes ndoy matler cunlent essocialed
with cailloliydrate iransport and inmobilication, knewn b oocw in the ioseac
racel pato p'l:grll. Cmilar Fil'l:l'll.":llllll'll;lt‘:]'\-. are alua E:-J:i'ng ML Iill_'u:l-mlnr].'
Iy the <udy of physiological and biochemical aspecis of imetvarwial suseepibiiiey
to the pilhegeme Furges, Coradecrvsies funbeiaie, recporsible for the Cerarr fomedie
wilt distase in cacas.

Rooring &f Sweet Palale Leaves

Sweel pHo Msves can be rooled by immersing their petioles in mooist
sand or in water, ond keeping the leaves v 2 bumdd acemosphers. Ramang 1akes
pPlace in from five w0 en days  Groweh cubsiances £ g obncole acete acid {TAAD,
msdnle burymie acid (LBAY and naphthy]l — acelic acid (MAAY 311 incrcase vhe
rapidity with which teal imitiinian takes place, and the pumber of oot initials
farmed.  1AA, lowever, tonds to increase the Tengih of growing root whilat TRA
and MAA tend W ofuce the produchiom af shart thick  reels. Redting  aleo
wanes winth rhe age and vadety of the leaf vsed.  Matore leaves roob maore casily
thin woung Teave:.  Tepves from pigmeated vaziclics of swect patatn alya tendd
17 root wore sasily than Jeaves from non pigmented vansties

In varicties in which maoting Likes pluce with difficully, rooting is Eacilitated
by llowing stem curtings with Teaves stlached, to sand i & huanid prigapation
bin for two o thres days  Afer this perisd of meubation, Litetal beds and ools
devebnp at each node, and root imitial; may atready be formed af 1he base of leat
petioles.  Such leawes, with or warbouy roor iseials, ron easily when soversd
and placed do water.  In the present caperiments, malure:  swoer polito lsaves
were rocled without auXap regpimeent, eiher by simply dipspeing the ronts 0 water
in A <oilable ecntainer 1K) ml comical fasky or by so doing afler a prefiminary
incubalkan pericad @ propagation tin as deseribed  akove. Leaves from The
Willowing sweol potate voricties ollected frem Mr. B Wilhams of the Facully
of Agriculture. Umaversaty of the Weet Tndies, (5t Awpostine) have been tuecess-
Tully vooted. Odi; C4; CI04; AN 12 7588 R3S, 147600 ATHA6,

Crrafting of Sweer Povaeg Culliegy

Iflective graft vrnne of sweet porars cotangs fenm dillerant varieties con
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be made by clelt grafing of cotlings frem the tespective vadetics.  {WAlton 204
Tiawlet 19673 Curdngs used far grafomg, showld be sboutl s te ten ircies in
leagth inghading ol least three mxkes and chowld be of similer diameoers.  Ciee
fotned together by g typical clzd grafl and :ecured with polylbiene grafung tape.
the stem cutting aeeded as the oot siock i deiolised and placed in e sand/
coconut Bbre dust reoting medivm, 0 4 propagatiog bin.

Rooting of the roat siock, healing of the gmlt uoion and developmend af
the lileral buds on e scion, ail take place within scven days.  Remowal of three
gueelcry of the lwuninae of leaves on the eion cod of the grift, facilitetzs the
growth of 1he grafled cunings,

Satisfactory tesulls ceo olse be obtoined by placing groft unions 1o ool
iz & suilable comainer of water, under sbaded mondiieny o the preeshouse. Sud-
ibte pralt uniems ¢@n be transferred dicectly W expurimenlal containem in the
geeenhouse foe forther growds and soudy.  The sweet porala wacelips 949, R
and L% hiwe been swicemisfully grafied by this reethoyd o all poesible combioations.

Rigred ledvgs

Wilson § [H67) pointed out thag ane of the [igiers associaled with reduced
vield in sluked sweet pololn planls (vat. AL38) in the gbsence of applied nitroges:
lertitser (Chapman and Cowling LF56) was & relabve Jeerease inospecific Jeal
orea in thg TIE—9th wecks afier plunting,  This decrease in specific keaf arca
vwat caincident with an increase im specifie leef ares in plans supplicd with sacesgen
fertilizer  Increase an specafic eal area, an W-ferfilsed plapts ook place immedi-
arcly prior to & cojricel perind of N-stimulated inercass o iuber dey weight, Soh—
111h werk). Decrease i speciBe [eal aeey in e absence af uwpplied nitromzn
Ferdiliser was interpreted o mean Wbt cicbnhelrates were stored in 1he alzmanve
Ieal sk begape of the rearnction in the capacily of tubers o aecept Trinsluciied
carbohydrates, during 1he Tth—3th weuks of goowih,  Carbohedretes have bezu
shown 1 aceummlple in e leaves of nitregea deficiend gweel polata plants. {Wakean
19641, Accordingly, the roded [gal phytomodc] wias sxamined in order 1o find
oul whether & sinaler alernative accumuolaen of carbobydeaics in 1he leaf ool
b induced, wnder condilions of a4 restricied sovogen supply.  Such celibraticn
of o proeess boown to occwr io the inlact plant is thovpht (o bBe a wnecessary
preroyuisite for investigalon of 1 proccss wsing @ phyomodel,

E,[;:hrrf.l:r-!hl!ﬂ!

Rooted sweet potate Ieaves {vir, ©9) were grown in one half sirengh
culture snlulions (Hewin 1965} for one weck after cootng end Geew crapsfeied
K2 solutions containing plus nitrogen andgd minss nitrogen polmckt ediments  Ader
<e’ocholl iolervaiz af growth, roeted Raver wers compleiely deslarched By beng
ptaccd in & detk rwpboard overwigle.  Destarchcd keaves weis then estead  for
starch, exposed o sunfight ord 1the feme takon for starch to azcumulete in leaves
measared.  Srarch  aceumoplation was estimated by first exiracting  chlovaphyl)
from leef discs (5 cm dameter} ken rom thtes comed feaves per treaiment,
ardd Lesting these dises Tor starch with iodine in potessium iodide.  Colaurs ranging
inn intoneity from vellow 1o brown o Whack wers devaloped, accomtling to the nmount
of starch prcecat in leak discs.  The Ume taken to dewelop 2 bBlack colour was
iceokded as the Gme necessary far maxipum a&scupenlativt of satch in leaves,



WILSGHE [ CARBOEVDRATC RMLTABDEIAM 18 SWEET POTA1O [T — 49

Fesniley

Relewvant resuits are miven in Table 1 belaw.

Srerch Accumidlation in ﬂr:rafrfaeiﬂ.gfei} Paigte fuoted Lemver fvar. £F)
Time ta hax. Starch Specific leaf
Trealnoni Ayl ation Rt L. Wt ALca % “Tanal M oin
alL 3 wecks a1 1 wecks Ismina
1wk growth 3 wks growth
| ™ Dhiscs 12 aims. 15 joins. 11,75 gm, 19 3 i
— M Driscs 5 mins. O mins. .34 om. 5.6 2.4%

The data (Table 11 indicated the rate of rtacch accumolation was soace
Than Twiee 3% fast im mirengen geficient leaves vangsarcd will apogen solficient
legwes arler one wesk of orowth, Al this tioes, thece wis no obzervable difference
in 1he appearance of kaves Bun differest ircatmens, and the recorded coot dry
woaghis wore also similwe [+MN-0.45 pm: - HAT 40 o),

Aler theoee weeeks of grﬂ‘:l'.h'[ll, Teaves g;m-.i.-ing LA qmimls Tlil[-lJEl,‘.n sl glions
caeld not Be destirched vven afier seventy-twa howrs in the dark. The:e
leaees bl apporently arained a condiont nf peomancar wraccl satueannn, wheh
was  associaled with cessation of  1he growth of thwit roels, the ealy major
gerhyhydrae sink. At (he end of the three weeks of growth, laminae of the
minus niltogen Toeoled lesves chnwed only mild gymgroms of nilrogen deficiency
{imnervenal eh'orosis. The dry weipght of moobs Brom the:s plants and (e
percentags nittopsn w thoir lanioae woee howeeer tglud compired wilh
leayes grown in phes nilrogen solutiens,  Petivle slices alzo gave a mors positive
125t fac slarch 1hao sienalar slices from ples pitrogen loaves.

Changes 0 carbohydrate distcibotion in the absence of nitrogen supply
alen resvlied in om 40% decreace in the spoeifie leaf atea of mivws niteogen rooted
Teaves aomprared with plus nitrogsn lewwes.

Fifects of nitrogen deficiency and deficicoces of other plant wuirienis on
the carbohydrite saterauion pewnl of rooted leaves are heing exaonned in cight
cither warichies of sweet pdalo.  Prelimianary reselts andicate 1hat § pacern of
carbohydeits saluration ginsler 10 chet olnained with oitropen deliciency, ooours
in sulphur deticient rooted legves. With caftwum  deliciency no carbohydrate
accumulatinn enyld e demondrated in peliole slices. The carbokypdrate satora-
tion painl was ool allained in oran deficien, cooteld kaves, nor did even milld
svmptums a¢ won deficiency develop im dhese lemyes.

T AN sdrke

Carbohydrate accomulation ook place o the laminseg of nitrogen deBoicat
ek leaves sand was accnm parned Ty decrvoses in specific leaf arca.  Decrsgeoes
fn specitic Teaf arca and teaf arca cotio have beca found oy Be awocialed  wish
warly steulamon i oweet potamn tuber bulking dee o Emited mitrogen wupply
(Wilton 1984} amd with decreases in final vield in 990ked sweer povate plants o
the alvience of applicd nicrcgen {onifizer,
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Starch acrumulation bas afso been frond to take place in the legwes
nirecgen deficient sweer pofata pianes grown inosand colre by the auihor.  The
rovied leaf provides a simple mechaoism for exacnining the celatove distribotioag
af photosynibate between the oot sink 2nd the altecnative |eaf sink =a a functon
vf ront geowh and swirient supply. The absence of accepted soweces of auxin
supply €.p. stemt apex amd lateral buads, Frem the mooted Ieof phytonodel, allows
For the sowdy of cffects of various lewels oF eaternally applied suxins on Lbe
procesies invelved v carbohydeate mobieation and accomulation.

Frafred Sweer Porate Pladrs

It was suggected {Wilsom 1967} that perheps (e most important Foctor
affecting intervarigtal Jifferences in sweel polato yicld wag the whevent tendency
of diferent ~acietets 1o tuberize, A samildr <onclusiom  wag As0 reached by
feins sand Bromner (19653 for Solenum potatoes.  The mie of tuber bulking
esiociated with this hasw tendency, however, was thowght by the formed author
x be a function of the capicily ol lubers 1o accopt, metabolise =aod stare
carbihydrares, at diffcrern stages in their growsh cwcie. This indcrpretation of
wber bulking pre- supposed that the faclors governing 1hes rate of (his process
wers morphogenetic rather than phelosynibelr, and evidence in favour of this
interprelgtion was piven {Wilion 1967).

The emphasis given 10 considerations of et assimilation ates leal area
indicrs and Ieaf orea duratkon, by Aclond (1963), Cowhing (1964] and Chepman
aoed Cowling (L965) and to Lotel leaf arca as relaled do nlirogen respaoise
Tsumxla  [(1965) impled that these aotleors consicered the toal emount of
photosynthate produced by the platt to be the more imponant determinant of
rweel polate (sher yield.  Referencez to effecis of mutual shadiog cm tober yield
sl =mbodied the same implicition,

Tsuma apd Fujess (1965} classificd ewoet potela vancties according 1o
photosyoihetic activity inig:—

{a} lcaf area tvpes, with high leaf oréas and low photosyaihene mtes
per unit leaf arca, and

(k) oet assimilation types, with low Ieaf arcas and high pholosynthetic
rafes per unil leal arce

These owthors further dermonstrited that there exivted in these tono fypes,
am zpparcotly compensaling  phelosvetheic  wmechanism. This mechanizp
resulied in mimular cates af phaotosynihess p4r plant, midway in the growlh cyele
of the (ypes examined. The relevant question is wheer the a4 of photo-
syichesks was yelatively ncreased jn e [ow leal area type duoc 0 inereascd
tuber bulking, a procems shown to toke place by Towoo emd Fujise, or was
phetoepnihee selatively reduced by mutoal chading o the high leaf area type.
The tormer effect is ponsniérsd 10 be morphogandtic and the [atter, phatsynthetic,

I1 should be mentioned at this point, 1hal e inverse pelationship Bolwcen
leaf arca imdex and et assimplslicn rote shoem tooaxist 0 sogsr et and kale
by Watstm [1958) rould ke demonstrated nefther for g wide mnee of sweet
poatate varictics of greatly Jiffeting [2af grea iodices (Acland 1963) por for 3
simgle warigty of fweet polale under etabed ood vnstaked condibion: of growth
(Chapman and Cowling 1965]).
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It was in order to attempt & scperation of the abwove mewtioned thor-
phogenetic eHeges Erom plodoiynchene effoels as the primary determinent of
sweel poEslo yield, that gradted swect polate phywenodels were designed.

Acooedingly, grafts were made of all possible combinanions of reat stocks
and scigns between sweep potato wanelics of:

¢t different tendencigs o talenize

th} chMercar leal sreas

(o) differem leaf shapes, which allowed for variations in the amount of
muteel shuding aswicided  with leai development.  The plede.
syutherke sffcer is  alko beina caomined by subjecting the grafcd
plants to ditferent lighn segimes.

The sweel poidtn varictics initially used weez:—
(i) 049 — (hagh yieldiong « high leal arca « conire Jeal macging,
(ki) E% — [high yaclding » low lcaf arce - enlire lcef marpind.
[m) EM —- {low vizlding - Iow |eaf area - deeply lobed Eeaf macging.

Experinzental
Mamls of the thoee vamicties were jomed by clelt prafis in the following

combireuans, where Bee diest menodeed varicry ji othe scoen and e secang? the
o =300k,

(it RIE RIBs049 Co/RIB
LLEFY Iy R32/CO o048
Q4% /040 E32/R314 Cy,/Ca

In addition to these prafied phyiomodels, mract plants of the dwee
yarieties weee incloded i e cxpeiimend 2nd all plants were selpected e lwo
hpht regines . —

{a) ftull sunlight
(hY &% supliphr achieved by shading wille aran velting

Threg plants pec treatoene were grown in four-gallow conlainers contein-
ing sail in the creenheose, Mo fediliser reaiments were opplicd o the planes.

Meorlis

Prelerminacy results separed hers are conceoned mainly wilh 11w calibris-
tiwh ol the growlh patceen of prahed sweet potan plyomadels against tniact
Flamis. FEf=cts o light intensity and gralt wnicn on feaf nvmber and el
shoor production afcr twa menchs of geowily are given I Table 11

The cesalts [Table IT} indicated chal seesce pfants peochaced lesves at a
Freler tabe thao jgraded plang, due na doubl o prswth resinclion associated with
the healing of the gl union.  Graf: comeining similas rool stocks and scions
alme gonsstentty produecd loaves ar o mene raped rte than grifts of rom clocks
and scions Trom diffeceol vucietie;.
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Ciralt. containing F33 scions lended w0 pradese meie l=aves than those
coiiznire (4% and €9 achons reapeclively.  This trend was similir o that which
abtained in iolact plints

Takde M. Efieces of Sebr ietesity ang gealT ariat an el mosedr wnd fareral
shood preducifon in several swopl potato phytomodels

Lasf number HNo. wf [Laderil
Shoats
Gralt Full 5% Full L]
Suntiche Sunlight Sunfight Suzhghe

04a9:R 318 T4 18 g 5.0
499 &0 73 4.5 4.5
4849 'L 112 an 5.2
040 116 121 1.3 4.1
[inragl E‘.-]:mts]
a9 RAKE 5 41 4.5 5.0
9,49 i) Th 4.2 5.9
Chasg 94 og 6,5 3.5
ce [ 11 6.1 6.0
[wact plants)
Rigs44 5l b 6.5 5.5
RIE/CH 2 45 5.5 =1
RIE/RIE 122 a4 5.2 7.5
R3E 111 114 g% n.l

loncact plants}

Effccts of light intensity were variable, Bbul there sccned to be ae
inereawsd produchon of leaves an Tubl senhght in prafiz wih R3S sewns, whah
wits greuter than o similac @fedt vbhserved o ointact B3 plunts.

On the conirary, ful] ﬁunliglﬂ yugrped 1o decrease the pomber of [eaves
prodnoed in plands with C9 tops, particwlacly those of C9/R38 and CR/04%
phytomedels.  This ellest was mn abserved o ot C% planis. lail nomber
wai not greadly oiiected by light wndensity 0 models with Q044 scions.

Effects of prafl wmnn and lighl rotensgty on laleral sheat development
wrrg varpdhly, and did el shaw ooy definie trend, cxcept perhaps 1han in plam:
with 049 ops, Fueral kot prxlogiion ok plage mary siuwly theo o oiler
pliviconodels and intact planiz,

Reaulis nf quler yicld afrer cight weeks of giewth [ Taehle 1177 hwdicided the:
vield (luber fresh weaght)  was in aVl cases reduced, and duberizacton cfien
vorspleely suppiessed onder shade condions.  These wicld  recdiyion wie
associaced wilh increases an specific heal argn {averipe of ter macuce deavesh an
the dewecr light intensite. 1o models wich 04% scions, tuber wiclds wae consicde-
ably redaved r_'|_1n'||'.-:|r|'.‘|_| with wlact plants. Teher }'il.'h;j nf Q0495044 models was
douhle thal 04900 megels. Tubenzaticon wis suppressed in C490R38 models
even dnfuli sunlight. The nereasedd endeacy U fubense showed by 1he 149
cotsrock was fudher demonsirited by the increased ¥ield of e C2/04% nuodel
aver beale the COAC% medel and intacl plants of 9. [ was perhaps significam
that Ieal prodocian s e C9049 phvinmadel wid conswlerobly reduced com-
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pared with the 09,09 mode] and C% wntazi plants. ¥ields of RIZAN40 madels
were aren increic-2d comparcd with R38R models and intacl plants of B3R
C% was nol a5 offective in increasing teber yield in reciprocal grafis as was 949,
Results [ur the comparcop of final yiells with leaf arca i and specibic Jeaf
area, baced on talal leaf scen measurements sce nob yet availabl=.

Table I, Efects of lghi intensity ard graft rvon o leof area/leaf weighr
rafics  and  teber weld alter efghi weeks o] proawth In several Iweel poldio

phvranaod i

Tuber F. YL Leal Arcas/Tead T3,
Orait ol 8 whs Wi of ID mature

leaves

Full G Faell AT

Sunlight Sunlight Sunlight Sunlight
049/R38 — — a.7 M. 5
a2/ E — 6.5 i0.7
D40 (40 17, 15 4.5 5.2
042 1045 4] G4 .4
[intact plants)
CasRA% — — 13.2 14.1
CF S Thd o L52 24 5.2 £
L 80 — 10.0 6 6
c2 ag iz Y.k 12.2
(et planis)
RAR/OLD 47 — 1L.1 12.2
R34 h — — 11.1 14.1
n15/R3s 13 — E.2 I6 A
Ris at —_ 10.4 14,5

[iniact plants}
Fitcsiion

It woul] appcar fenen Thes peeliminary caperiment that twber development
in Ui sweoet potato variebes examigsd wae s Funclian of theie tendencies Lo
itherizs  Budher, thiz 1oadency was pesociated with chiractaristics af the sweet
podaca root stock and would ke naesferred 1o another warely by reciprocal
gTi:ﬁFril'I:_E- The calibration of reciprecal E[:nfl: ph\'lumf‘ll.h:lu Ry R AT | |‘|-.:.'||'|I!:i,
mdicated that lenf dewclopment waz somcwhal affecied by the grofing proecess
laut that thic effect d-d poat prechide e developmant of whiat appearcd tne b
real difference: o e tendencics of Jiffcreol waoetes o Wwheciz, i oodels

aaarmncd.
Semynary qogd fuivrs Wtk

Twn rydtams convericotly calfed phytemndsls, mated leaves and reciprigal
mrofts of dillencnn @weet potalo varizdics have heen deseribed and their oge in the
sty of corbohycdrate mobilizanon and carlnlipdeeme srorage, o 1he SWeer poan
dJiecussedl,

Irelicninary experiments on the esfibeation of the phyvtemodels against
amwah chemges knaswn [ o i iniaer swest pocata plors hae been descthed.
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Such caliranion is an importand pre-poquisog io the vee of mndvls for the swdy
of Factors affecting tuber development. This is w0, bacause tubser deweloprogit
itself, s interpreted 85 the expression of & secics of morphogenglic chenpes
aseociiled with the diceelon of photasynfhale Lo the fuber sink. Sioce ihew
changes are emscives nol compleiely wnderscood, che procse natwe of Lhe
pracess examined with & phylomeadel must bu defingd apd ils significance  in
relation o the intact plaot c-tablished

Footed Ieaves of difzreol varicties ol gweel potaio are being used  for
slodyivg the distribuetion of photesyoibace between the pogd sink ond a'tconative
leat sink. Efects of nitrogen nuttoos on this dictribution are beiog patticulaidy
examined heciwse of the variable ywld pesponses of sweet potao vadetios Lo
mitragen (eclilizadan,

Reciprecal grafis are baing used for examining intervaristal diflerences i
the capacdy [or twbemZalion i e sweet podan, becauwe pezvicus cfforts 1o
relue swher yicld to foliage choraclecisiic,. bave met with limied sueceezs.
Indications wce that imterearicial dffercpees o tuber yield wre related to twber
grwth,

The ultimale am of this work B W find o the factors of primsery
sgroataoee W lubon growth, Oo ihis subject, attontion is drawn o the Fact 1has
wher cells st frst be foemed belore they 2pn acr a5 o Tuber sink.  Expansion
of these col’s opce formed 15 als? a pre-requisite for the increase in o cize af e
tuker sink with development, Faclors afecting wmeher ool division  and  cell
capamaicny may be independent of those afccnng carboehydrale produclioo, bBue
they corqinly arc impurténl &4 delepminanty of the cize of the fober sink.

Efeces of hagh levels of nitrogen suppiy (Wilson 19643 and olizereatong
ol the efect of Jow light intensidy on the nestristion of taber growih, supeoseed
that feclors affecting tuber growth were selaled to the morphogonetic coodition
uf the sweetl potato plant $ensu Bvens and Hughes {1981} and Whitehead and
Mywrscouph (19623, The direct effect of cxposure to light on 1he cesiriction of
julser development (Taune and Fujise [965) al=a suggesed than a Light dependzat
mechanism i 1he tubery themselves is also a factor affecting Wabsr growth.

A number of cegulatory funciinns have been ascribed 10 indole acslic
acid in plants.  Rocend watk s.uggn:.v:d ibat auzins might also be pvolved in
tuber gauwtls.  Thus, high Jevels of entedepous hormenes have begn shown o
mediate in nitrepea ingreared shoot/toot rabns by Wilkmzon and  Olbrogps
{1%64). Strong evidence suggesting that tle Tweikiog of arerdl bud dermancy
was coincicknt witlh #usin relcase by the growing bod hes afso been supplicd by
Tumer and Bideell {i%65), Wilson {1964} showed that nileogen induccd
lateral shoot developrienl was inversely related 3o mber growh, in sweet potato
plantz grown in sand colture. Auxing eeleased h;.l lateral bud developrment migcht
iherefrre have pesulted in inhibitery fevels of quxin m sweel polato roots. Rapid
garly growih of sweel petaln tuberd o1 low levels of nitrogen supply. nothe same
eapenments, might simply be the meverie oF this process.

Indn'e aeetee amid has  afto mcently been shown W comtrol cellulase
aclivity i the apices of eticlaed pea scedliogs by Fan Der-Foog and Maclachlan
(1966} and theze awthors sugpested that cellufese action playéd an eascocial
cale in a veriety of groeth processer, pactiowlarly lateral cell expansion, o rthe
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pithicr hand, T.oewnberg {1965) found thet citnc acid premoted TAA destruction
in  lobicma calfus Ussee, with 8 copeurnmitang inhibides of bed  feroaticon,
Drestruction of TAA was apparenily anediated by stimulation of 1AA oxidase
activity.  Citne acid hax also beeo foungd 1o iodoce koas of ngidity i Solasum
prsio tuber slices, associated with depression ol vaypen pplake over the period
when (he Hesne begame Gaccid.  (Sooocrs 1965 ). .

One of the proveguisiles Moer cedl expancion s cell worpicity, It is supoected,
therefire, whal endogenous lewels of auxinsg end mechznisms conorelling these
Ievels, might be responsible for imeeecacictal dilffenmuge: w0 lemleocies 10 Wwberize
in swest polala. Accordingly, it is proposed to use phytomodsls o cxamuoe e
efieais of cicric ackd and aber agame acids an cellelase and TAA nxidase aclividy
s pelared o el expansion in rood clls of rocded lcawes and deber cells of graloccd
soroet potate plonmis. Precaltbration of  these phyioocedels again.l processes
fgcventied sl intervariedal driference:s in photoesynrthate distmbueteon in the smeed
patato, couald lead o vatuable soformation oo the cxact mature of e morpho-
genetic changes associated with tubcr develepment,

Apart From thi- fendimencal abjective, prafied wwect potatn phytomndols
conld provide an immediate avaer ta che plant boeeder, with pespect e 1he
capacily for tubenzation of new vacieriss. Sugh o pse Toe these phytomodels is
guppested By the inereased toberzation of C9°049 and R3ITAMY recipiocal gealts
aver U9 and KA% intact plants. The capeiny for incrcasnny  oberisation in
wodad, wilh ©9 and K13 scons cowld b taken as o meisure of the wcndonsy Tur
Tubenzation of & parlicalar variety.

Acknewiadpereenss

The aothor wislies wo dhank Me. B, Willizns of she Faculty of Agriculouce,
WL, (%M. Augustine} for a  liberal supply of cuttings of the swest polaio
varedies wizd,  Thanks ace alsn due o Mre. R Traadet of Ceowal Erperingn]
Sravion, Cemiena, for grafling sweet potato varislss,



In— 54 HACFI CRGES SY PO b

EEFERENCESE

Acland, J In, (LEEE; M. 3. Theyls unpubl, .1, Libsaly. A iovesUyallpn of saome
Tarinta con 1ol pg the gicld of pweadl pdl gl s

Chapman, T. and 1. J. Cowling (1965}, Trap, Agricoliore Trio, 43X, 108 A& prelimlneey
imveallgalrm Inlo Lbe effecls of leal acea dlstribuilan wo Lhe
wield of pwnatl palRtoeg.

torwling, [r.J.,[ 1054} D.T.A. Report yupubl, YW1 Libresy., The Imperiamce of leal
disiribniion on e Frowth end yeeld of $9ecl Polpbpes,

FEvgns, GO, ond A P. Tlughe=s, (1961 Mex Phrlolowinl. 0. 130, Planl growdle And 1he
Relrle erylrenpirnt |0 EMeel of artiftcly shadjng oo [m-
pailens parvifora.

Fan, Tev-Fond end i 4. Warachlan. (1966 Cansd, Joob. Rot. &d. 1035 Control of
cellulase activity by Indale seetle acid.

Hewitl, E.J. I{]HE] Commonwezlth Aur. nf Hortl. Tech-Cemmun. 22, Foat Malllng.
Sand and Woler caltore méthods used in e sledry of pland
ulnb P EEE Hy

Humphcles, EC. and GN. Thame , (kBE3] Anodal Repart Rethzmnied Experlmenial
Stz, Phyeosmihesia of decaghed lepved.

{11964, Amn. Bot 28 391, Effeet of oot formelion on photpsmiecls
of deteghed leasen.

Ivine 4.0 and P.OI Bremeer (18000 Oulinenk o Apriewliyre, 4. 311 Deowil develop-
melll and vield it Lhe patala.

Loewenberg, TR [1M2} Fherlologls Plaplarom 18 El, Promation af Indale aectls
acld desituclher by {licie #<]d aod L. alanine.

speaee. J.0. aod PR [Toynes | (19686) YUnpobllshed. Helstdenm of lesr ares and wreld
mcsimifalich Faie bt yleld 1n sdet petato,

Edmoerd, FOG , (1985F  Flami Phesdol 40 3%8. Cltelc #8cid lndused lus of nigldity In
vagnt polata tuber shires.

Tharne, &G M. | (1381} Annawal Repstt, Rolhatmisled Experimeolal 3ia. Tepondenes
nf phatosynthesis oo growlh,  Compaclion of sugac best and
AuiNAch beet.

T=una ¥, ond K. Fuble= (1965 Roll, Ml Ene. oF Agre. Sri, (Jepil} Serles D, Mo 13
Suudles eh Lhe dry bwatter poedoction nd sweet motato.

Tsunods, 5. (196} Prosceding: of & Bvmpeaium of lhe Internaticnel Aice Be-
seaach Inatlliote, 1964  Jobp HopE'ns Prees U S &4 The
tomlnersl au’rition of rlee piaal,

Turmer,anl R.G.5 Hldwell, 11985 Flaot Fhysiol 40, 448, Twles ¢f pMotcsvalhesis
In arfeened and Jderschiod bedo Imaves aod the rffpel of Apeay-
ing wllth Indnle seeby weid,

Walsam, InJ. . (1R5E)  Awn. B, Lend, N5 22, 3.  The cepeodence of ock asairlla-
Uaa rate om Iekaf arcr Indew

Wailelesd, F.H. ohd TN Mwereours 0627 Fea Phrtol, 310 314 Growth analysls
o rlanla.  The ratla of mran nefailee gecwth rala 1o megn
relallve poin of Bloof area lueroasc.

wilkersen, S0, and A ) Ohlregze | (196+)  Melure. T4 R, Mechabism for che
nlteagen-mrregmad choot ! roal ratios.



WILSOM @  CARDICIATRATE METABNLESM IN SWEET POTATD [ — 57

Wilscon, L&, {11} .PIL_:E'“I Repori, O=ntra]l Esperpent Stlon. T T E S

rary. Efecls of lHereasing leeln of olitrat=-pitrogen oo
growih and ehemibcal compraitlon of aweet pirlale.  [romoea

GaLlalay [var. C 1M,
(1987). Ahtieal Fapatt, {reiira? Brperoent Sutioe Trie. CE B

Livracy. & critlenl apaerlsal of soma phyobologles] determin-
ntrd af pwest polatd tuber pleld.

Wil LA, acd T Dowlet |, (1987 Apsms) Reperi Cepifel Exgeirbiddiad Sistion,

Trin. CES Likrwy. FReciprocsl grafls of gweel palats
vkl




Il — =8 (TR T N TR RN RN TER L

Mr. Williaptr -

The sptincigl pmibesis af experimoniel sysi=ms éuch as Toobil 1=aves ecemsy 1o
be st exporimectal sapptaach of grest populacity anopg blorhemists and plant physle-
laglcks, AL |5 appol®nc &0 Tan ihat soch egutetis wolve mochendical and pleyaical
manlpulations, whicl could Jist possllly nol be Mpresentobve of relatisnshlps as they
rxist smang plasts 0 eeeopeybie vorbacl with 1be todel envireemeeol.  The Susstfieall on
of your neekhiklolegy would b ta ascyiulein o berkpround of knewlo:dge a¥mlaring
ere degrre in whith Eoditgs b the prrifclel sysbem cocuelate will Bolual progesece In
the Living plaula in vlwd,

Conld wou iell me whelbree S0 pour own owerk you And it mecewary ta decdmanl
woiir idings sgeinst Che iz ound of ibe livimg plenl, or do ruw cuadsader Thal yonr
wicthedologyr iy almeady astablished?

[ wauk] lik= to hakaé meference to your wark an CC0 wn celation Lo J2af swn, dha
luberisaltn. Thert are: sugpesilons frvm work done at Lhls wolversfly by Sproce and
Iy 1hpl on She hosis ol Neld cxperimoents, swer: Possiroed tccpond 0 man|rula-
Lion of lcaf acea, Fat eEamole b ewdéing higher leveels of mHrogen Lo thse acll 1L
rrsprnis Lo Lthis ot 0f manipulaglon, by delaving —- roupbly o proportipn to Lhe
Eogoee to whimy the leal area iz lncpeased -— [he ke requiced fer thom (o alimn
MaEITILY L ithdnk Lhis i what PFraf. Milbhorpe has trrmeel antepLaetic aric

Irr. Humphries ©

The plamd physlaiegisk 1+ Bp agRingT | wprs diffeu?, peoblem in A0allng with e
whrle lntacl plaot. Aud SRyWEY W W ran g & RIMPIE &psaem Lo wark of, e glve s
zoma Ideg af the proepases that 1ake place Ino the plack, 11 e wery selorme Titls Is
- why wee Ipcyocosed this cooted leat systemn. DL b, In fact, eat such 4 simple system B
wn anped it would be, becawss, a5 DT ¥llsoa Foiow oan the lambla Deaeld, as arl os
“he ool wpelien. acts 43 & sencldorable ik for the cembabydrale, arsd you cindia?
reRlly sy that bhis @5 just 3 simple 2071 of sk relallun

Tre. Wilrpw -

W!Lh referehce 10 Mr. WIlkiamwe' quieeszinn, # MAIGE oNiteration of ours kas heen
ile calivralnn of prgomases In wystems which se Lk to call phyto-pmodcle. pEabnst Lhe
*AMn: procesiee, WA they occur Lo the Chbact plonil. Fer example, carbehydnzte asecmi-
lacien b5 knpwn t0 take plece aa Lhe lubacl plant wilh nlloogeo defcleney. Carbehid-¢ie
pccumuwntion aben povarked Lk fle odeoted B4l It Is passlble, ther=tocrn, g sioady
rashohed mle accumulaton, uiing Lhe oobked Ieaf, pruviied thls ocooces cadld b
calibrale| agzingl the perallet proenss In Lhe doiaet plant,. We have messwered bhe
v ol leaf prodieion an Inlack plents pomopared with Ihat i grafbed piants. Io the
Araftrd plants, io Feet, lmal prodductiom was redoeed, compared vAsh the Intact plenls.
Dt lhis cid o preclude loe aypeacsdos of wiab we elt wers real eMezic of dTee e
rdang @nd roeot skochs oft Ewberomatlon.

. Bidrak ©

Are thelr &ny kngen Egpeiors, externolly or  (uterpacty, whilch afeer the kainln
prrd wekwm in ooy o the plont shudises?

. HuwtpRrigr -

Tilluhk, Jwsk 19 swmmarizs opp koewled ge 400 LhiE. 811 thac 15 bedng dome witg the
halutB! s¥atep sn Eat, s that frovs hawe becn Wken snd exteecied, and che Zimip
coitbenl, cslimated. Very Lile is known abaot the dereloprietior of the kinans daring
the povelopment of 1he Irill, ahd wWe oy przelically noihing aboui 1k determmining
facincs.

it e Oras

You hawe said 0al wWhen ¥ou ¢b3enedd shoctenlng of the ztrmec, {he shortening
colgd b ochbrrpieled ga & redwction of the 200k bul 5= oot thers gleg ap lnerease Lo The
prarl Af Lhe Jegd whldell teached soropeneaelon polnL?
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Dr. Mumphrics

Thie Ls tee. gl wee shaaghy fizet af 211 thet Chis wen A pacdbalite, bt when we dld
the experiment weth poroto, where the siem i3 also shwtened, and the Jearves more
reawdpd. mp did An fank, gt ao Increade o Liee ti=t aeBeocllELIoh TAe, S0 Wi Lhoughl
thal probobly the slom ahottetlng was toe chief factor.

f¥r. Soekce !

In wlew af lhe ivportabee atbached Lo potRssdum by Or Fuise. oowd TIr Walsen
1 Frol. Hunkpbrkes stabe whetber iy haye taken 1his inkg efpooos i Thely moessoce-
reptd of the efficlensy of thelr molels,

i Wlsen

Yo, [0 g0omea extent. Wre Pave LmoKed o0l obly & nlhimogel deAcletcy valop the
ruated Tonf ayelem . bul we hRva Zonked At Lean defieleney,  potassuse defieleney,
fhlelie drdcieacy, sWwipbuy defciensy. The patlecn of casbphydoute scoumuladon |
eelpe =erllar with nitraren wnd sulahur deficlenty. To wthey »ords & rarbohyedrate
salurativn pPriol was amwed at, i which carbohydrats setumulsied bo the Jamlnae,
rotiales rad In the crnds.

Willy caleaatn Apficteney . carknhydrates tepded ba amcumuleste in the laminaa We
coucld nof demonsTale gh evels of cerbobivdrate actutiulatlen in the pellubs This
recialt, af course 3 bBated OTily ik A Qualdallve psAscament of catbonydyale siftos af
Lanswes by Lhe lodine lesy Fop aiarch,

Wth pobreilm delrieney, the cesulie were na coneiusove I Hhalb repllcptes pave
dliMarert resnlis. The madel mooled el leck 3 very Tong 1lme 10 brecme o aselinfy
cleleren:. buz when il seeed o, ga [nfAceled by ihe pobeesgm cunlenl of she lapminad.
Thaty Lho prerinTh g7 rarkahydmase grenmulpllon wWes paiher argatle, Sonetimes rathhy-
rhimtey acclunialed 10 the legeep, somegimes o (he paewales. add soiellmes in Lhe
raats

With lran defirlency There was never any marked accumolatinn ol carbnbyd rples
This is pelhapy becaoye, eithes Ebon doflclebcy reduces Lhe rae af phobmsymihess
drgmaries ly a2 1Rhal wa hadn't prcdweed oppprornd or cofditians af icom dedelnpelen
i1 Lo ool el

1o Huwmphreien -
W have nnt done any =spimments where we varled the potBsslwn, we only wered

i mleragies;,

S, Bowpy

I am vr=< interesicd in 2 Wilson's erafilne experimernta. 18 6 KAcw g 1hat €349
o 3 highrr ylelder or o Llitt'e bit hichor than O and that the differepee 1o Fuliape is
runsileralvo, 15 |t pozElFEe (hal aqth he CF s, OB prafl, the higher proguedion
mar he duwee ri‘her tn the hlgher cfeicngy o ereatey 1056 area of 0448, and posE| Ry
tha preaden slak polential of 1he €8 scrom, an Ao we have any melhod thal would hrip
2 bccder 0 peessigPe the sIBE podepd] AET

Ike. Wilgmm -

[ mpdr o auz@estlon i the lase sopleoce of Piy paper, Fhit prefied planls eandd
pethars b2 used far derormmoing the raosoky o7 fubeesallon of an indivld gzl v geie) -
Thee zupdeslivn was made leevause grafind plant: hichlighled onle ofiee clghi wiepke
uf grew!k, 1he slready well bhown dlTersoee In yicld poseniial between O8d smd 10
imd Lhis, is a1 1the time when The MAY uam el mf the bybor wny onle 13 Arapns
oy operhapes o calibrat:on, wilh teference fo Me, Willlzma' qguestlon. could be devised
whrorhy the pleld pelenillsl of a new vaclety, rould be debarmoned by e eopaptw af
ily ool wlack to foherize eecthvely when Jained 40 e sofan of a Jow IOTATME wzcLely
'a H. @8  Thls apiroach perhaps. may give nults bl eallbration of the procigoes
invalyed muet he cakefully dong hofare tuch eapenmeite chn e allemated,
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Br, Humphries -
1 do oot think that ther= & any method of T momeht of estlmatio® 2ink potenotipl,

hul if we can otebhlish lhel eloks At deDetdent &n c4THLD o@lh Fibsctances, then
perbaps we CAn get SOMEWERE DeAT,

Dr ferr -

1 woukd lke o ank Tr. Humphtles whether he gnows of oy w0k on currots, with
regord ba sowree ond atbhk relatlonthlbs, 4nd somdlr, whether ha thinks thet [Rers
At BOYF cofpowmlis oF ot eretmefils which may Ledues early formallon of x slok
in planic Uk carrote or Sagor

Br Humpﬂ:f!!& !

] carmal recall, &l b Joneetid, Aoy WoCk ol ceamm. | ihiok poe Tesson why
Ehtits 9Te L0 vebky hEpe wroed oo dp B dificully of meaavring 1 lead mrea. I do
nol dmome whcther Prod, Miltharpe conld abrwer this guostion

Frof. Miltharpe

We. 1 g0 ot think that onr cao change the tme of inltpton of noed groweh I
sugar best, or ppaslbly 10 caryobs very ollsh. I think bhat [hefe s ey
efecls, and DF. Hamphotas' $lides whore be loknd al the efact of OO0 on augat-hesd
fmphasises this
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PLART NUTRIINT DEFTCIENCIES  ANTY RELATED  TISSUE
COMPOSITION OF TANNIA  (MANTHOSOMA  SAGITTIFOLIUDM }

— by —

I oA Spete and N A
Craiversity of I Wear Pradees,  Friniadied

Ereficicnoy symprems hiave bosr duseribaed for icopicatl plantstim crops bt
foe rwany imponant food creps such sympdams have vet 1o be descnbed. A scrics
of stwhe iy mow orderaay o produce and record the symptains of deficicacy of
food ctops of impoeramse o the West Trches, The eesalts of studics on Pigeun
Pea ({iungo pea) Cajains cajen (WNichals 1%464] and Sweed potato foerara bargeas
(Spence ol Ahmtad 19467) have alrcady lzen publisled.

Thiz poaper deals with the symploms produced h:.' lack of the major plant
nulrenrs; ailrogen, selphse, phasphargs, caloum, peassium, magnesiom and oo
on tanmia, Xarthorong szemildelanr,  The authurs have oot Been able to find z2ny
proviows vzeord Dn the literatore of deficiency symptams i this erog.

MAILKIALS ANL BLE THOLS
Clifire Teciriger .

The sard citllure dzchnique wied was moditied from methods reponled by
Hewitt (1932 and was desenbed in detail in a previoos paper C3pmwe and Ahmad
19677, It consistcd essontially ©F a scrics of clay pots, 200 o, in diameter, coaled
insile wath bmioowe paant and Alled woth wod weshed (10% Tivdrochlark: scid)
beach sand. Watering with owtriznt solotion was accamplished avecmatically by
A O an air resdere poamp comicalled by w lime switch.  The solutin was
forced by zir pressure fram wirchests fesks under cach pod up s pnlyglene tube
pasting theaugh the centre of the pat, so that it was spreyed on o the sudece of
the sand.

The nuimignt snlulicns were taken rom Machhiz and Tocoey (1959} end
the eoncenlcalions ui the major glemsas in the control solution weee {im el li-
gram cquivalents per kitre of Bons or redecalsy: Ca o L0, B a0 Mz a0;
NO 15 POy 30 80 44%  Ia the deficicnt solutions Na epliced K, Ca

F d %
et M ol 1 oreplaced 50, NOY  and PO at eguivalent conoentrafions.
% 4 1

Plisnts werg obcaimed Ty placiog Y oinch thick slices of mother comns an sawd inoa
plant propigaier and allywing the buds to grow.  After sprootng of the buds the
sprorncs were removed iromt the corm slices &ncd kepl n sand undil they were pirna-
peerly estaltlished ws dndependent plants. Watering was carried onf with distilled
water only, The plnts werg then frimeplented to the asad colivre pods and wetered
with the appropriate noirient sclutions.

Lach treoiment was replicated three times and {hers was one plont pep pot,
Preparation anid chemerosi odalygs of diue

Ader cicht wecks symptons T developed markedly aud the plinis were
horvestzd for tissue analysiz.
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Al harvege, <and was washed off the rout systems in the preenbouse and
the whole plants Were bragght 1o the kbogaery Eee further preparation.  Leaves
amd pelioles, rooes and corms eeere sepatatsd, prior 10 anilysis, Samples wers
bulked for cach r=aiment and washed in one perceot detergeae soletion {Teapol )
and 1ken ringed successively im three lote of distilled wmiér, the water being
renewesd after every five washings Samples were (hen dried &l A0 aod ground
in & staindesg stesl micro-hemmer mill. Fresh weight and dry weight of 1he separate
parts wers moorded,

Firr todal witkogen and phorphos detemminatioos 10000 gm of the ground
sample wis digestal with aolphorie aci] and lypdrogen poioside; diteagen was
estimated by the migro-kjeldah] methad and phorphoras by the malybdovanadae
muethed (Jackson, |90, Patassium, culomm, magresium and iton were deter-
aened on samples ashed at 45020 the soluble residuc was taken wp with diloge
hydrehlgric aad and the soludion was analvsed for e wanows clemenis, Fotassjsm
was derermingd by 1he fame photemeter, c2lcium and magnesivm by the versennts
methmd and icon by the thiocranate method (Jackson 19500, Solphor was deder-
upicd on samples pre-treated with & L pereent soluticg, sof coagoesoom omrate and
pehed ar 45000 Solphor was precipotared a3 bagiom sulphate ood  determined
Eravimetruslly

RESULTS ANTH DISCAISIHON
Tirsws Anclpvis

The tissuc anelvsis was oot mtended as &8 guide o owtrtional stotus but
rather as a check on the sympioms in telation to shorage of perticular elements.
Ilu':_la'n::'-ﬂ atleotivo 15 r@wal [ atetain irends which may provide incerest far forther
study,

Results of tissue eoalysis of leaves and penolis, oots and comms are pre-
segied in Table 1.

Mitrogen, phu'.sphunul and potzssinm aecuried in lowest concentration o
ihe cornes. Calgipoy, magnesiom, sulphor end ron were geoccally highest in the
rots with Peaves and perioles next.

Minus nitrogen was associated with low values for sl oitrogen through.
out the plant. This treatment rosulted an lowr vafoes for phosphorus wnd caloem
in 1he ¢nrms and increased sccominlation of sulphur in the leaves and peiodes.

Manus plushoons resulted io low tesos contewt of this clement partioularly
for qubers. Mitncgen content was depresseet far the leaves and petides and corms
I nol fof toars.  Caleium wis alio depressed throughoot the plase Lt jrome
acrumulated o the Toobs.

Minus potastivm resafted in low levels of pedaszium throughous the plant.
Thi§ treatment led 40 hagh levels of ealciwm and memnesium and an eccenidalion
ol ironoan the oot amd comms. The relatavely high level of potassioor i this
treatment (2.5 percene) aod Us associntion with sevore deficiency symploms
indicate 3 hreh roguirement of this crop for ki nuirient.

_ Mo caleitim Jed ta lew Tevels of caleium in the whole plent, kel padicularly
in the qeels and corms. High fevels of niropsn, phosphreoes and potassivm weps
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gssneiated with lack of this tiriens in 2] paris of the plam, Sulphc accumulated
in the poors A o 3 Iosser exient o the ool

Minus mimisinn reaulied in fow levels of maguegivn throughout the
plant. Acevmulaticn of phospharus, potassism eod caloium tock place ine the
icaves and pelivles ond corms hut oot in the roots,

Lack of sulpbur ccsulied i Tow levels of sulphor io the ontizc plant.
Conciderable wecumulaton of potaseium touk place i Ehe leaves ral petioles.
Phoviphnius ceached 8 high level in this Treatrmerd for deaves and petioles end roots.
Low welues for icoo ogctnred i the leaves eod petivtes and ouros

The o iron tezatmeni was amecaated with lows Eewels of won in ale plaat,
and partcofarly i the leaves. Thic treatment resulled in an ineredce in nitrogen
in the leaves and petivles aml roots Lo g ghight depression o the corms.

Ir should be noted thit in the plang there 15 o high propenben. of poyisls o
lumina anct s ay be reszoosible for cefain fealures of the tissue analysia dalz.

The daen presented for 8 field 2onple of aania leal and patiole showing
sevefe MAFmc:inm deficicney symptoms is of some indcres) here, Thox sl [Hrasss
Clay, Trinifud} has a Tow leve] of available nignesivm and citrus grwing an it
shows magnesivin deficiency symptoms associaled with low levels of magnosism
in the bzswes (OO Weir, Peronal Comanuniealiain). The l¢vel of magnesium
the: laITLn:irn lissue was 85 Jow as for the manus magnesiom treaiment io she pot
eiperimenil,

Anothar interestiog featute of  the daa was the very high levels of

tzssiven and phosphorus especially  in the lesvss, petioles, aod cools whoe:

these elements Jad hoen supplied. A high level of pedassinme was alse noted in
the tampfe of petinles and leaves tuken [om the fisld (Teble L)
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Takle !
Resdes of Chemical analysis of leaves and perioles, roots ang corms of the fonnly
b
Trecaument vl F K Ca Mg & I
percent (ppm}
Leaves ard Prifoles
— N 1_41 LT LT 1.17 0,32 4,53 204
.— P 2. E5 .31 .40 .44 LLCE ) .15 22T
— K 3, 24 1. 8i 2.50 198 .72 0.24 190
— Ca 422 D.ed  12.40 Q.35 056 @ 25 256
— Mp 1.6E 0.1z 11 44 2 Lk w.al .23 174
— 5 1.85 1.27 1d .20 L. 6k 0. 54 0.3 1CHD
— Fe J.54 0,49 .80 Z.51 0.26 w15 15
Coniyol -] 0o 4y H. o] 1.97 020 0.20 152
*Field Samphks  3.73 0_45 B 2 D Q.09 0. 14 152
oty
— N 1.48 0.8 ¢ 3B 1.7 2.0 q.17 550
— B 1.5 0. 20 .80 1.30 Q.77 J.1a Qe
— K 3.2z 053 120 T 40 1.32 . 4% LAl
— Ca 3. 12 (. B3 O CH 1 M= | 3. 12 .93 Al
— Mg k). 0.3% §.40 1.32 0.22 0.35 H#95
~— 5 1. E4 1_11 E 63 2. 40 1.14 1. 1% 170
— b& 3 KB 0_fah € 3 Z.95 0.492 .55 190
Control, i.ar Q.56 &_50 L. 75 0.34 n. 1y 142
Curmg
_N g4 37 1.4z 0 027 014 214
—F 1.35 0.0 1.584 0.28 q.24 0.1k 112
— K 4,21 1.35 .40 .13 3.57 b, 44 A}
— Fa 3.42 0.41 2.d45 3.2a 074 (k.33 214
Mg .50 DS 270 DSR2 0I5 18
- B 1.94 0.63 1.ab 0_47 0oan 0. 14 152
— T 1.94 Q.43 2 A} Q.62 0.47 q.14 5%
{ontril 2.21 0,42 .77 .42 a,34 .14 175

* Plant chirwing severs magnesium deficiency synproms grewn cn Brasso Clay,
Central Trinidud,

Mrkciency Fymplort
(1] Leaf
Grovth it compieie fuirerr solprion

In the compléele mutrenl solulion grawah Wy vigoros and lange leavis were
procduced. The laminas were a moderilsly dark preen colour.
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e S meiriemd deficient polieriany

Migrogan:  Growak was ceverely tesincied and  leaves with very smab
Taminas and shoct eeolex were produced.  The leases were palc preen o colour.

Sylphur:  Growth was somewhat restpicted eod Jeaves wilth rélatively
smell laminge and short pelinkes weee produced though the cffcct was not 28 seveee
as with nidrogen shorage.  The leaves weére unilormly pale geeen W pale yellow w
eolowy.

Protpharns:  Gonsth was alsa afected by lack of phosphoroz, smatl kepves
with shom peliclss ing pruducesd,  The culuwe of (he leives was onalfected. How-
cver, the leaves hed & more shiny eppevrance lacking the Blopw of contrel plaoes.

Caicirr: Fhomage of caleiom produced vestrictes grwth smaller [ammimac
#n<d rhorser petinles then o ol plosts, The huminae appeared thicker thany in
contra] plants and were somewhat lealliery to (he toueh, As slanplooss progressed
the wowngesl leaf became distored wath irmegular chlocanc and necrdic patches.
Leaves -enesced rapidly sl this arage, very small distonred leaves wers produced
wod the plants Gually dicd.

Pougseigre:  Somewhal smaller eaves with shorter peinde; were prosduced
in comparison witlt cootrol planeg Tur 1he cfect was wol as great as with lack of
nitropen, sofphur or phusphorus, Heweyer o dislinet sympios appearcd o
th2 nlfer lemcs. MNacraw witer-snaked areds appeared at theee or four poinls o
the micgin o Lhe Funinise, these aeess rapidly drying lo give thin papery prey wo
brown paiches. Further, such arcos developed an the margin unul v narrow bapd
of neceonic tissoe cxiswed from e dp w0 the shouldars of the Izminac, the bl
peetrating for a slinrg Jastancy towards the centee of the leaf Beiween the main

ecting. & narcow pellowish b ovcocred adjacenn mothe orcr slge of the neceonic
tuod.

O ervations in eatly shaemiog suggested an asgociation betweeen the appear-
anee of Lhe waler-soaked arcds and pamation,  OGuilation drops oogered at the
water-soaked pointa and in seme instances a bladder hod formed which later in
the day dricd out oy give the characreristic dry papony poteh.

Moppesiow:  Mamesium deficiency prodoced <iriking leaf sympioms, 3
larigll opange otlowr appearing beteesen the main veins, staning ficst wowards (e
half of the Tamipa wwards the op zad gpn:ud':nf, aver 1he whale suriace of the
laming. Durk preen hancds cesainecl alug The waie voins and Ay order secandiey
wirins angt also for some time zlong the nargingl vein. The inlecyseinal areas towsedds
ke tip Lthen dred onl fowd the leaves rapidly scheseed.  The sequence of symptoms
on suCcessive leaves wras very cegolar, The erimer colour appearning on the socowed
open Teafl just o5 the chird Teaf sznesced. Thos wseally only o beal ot 8 Lime
shrewegt 1hese symploms which pengrossod rapidly welil the leaf senesced. The size
vf lesves was non affected Dol fewer leaves ocourred than on contro! plania.

Very mnilar symptoms weer ohserved om planda growing in a ciitus feld
and 2= mentiored eathcr, tissue analysis (Takle 1) of such plapta showed very
Inw levels of megnesium,

fran-  Relutively mild aynpicws or iron dehciency were obteined. Grawih
wad not affccted and an inferveanal pattetn of o hghter green wolour appeanti.
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Marrom dark green bands recnained on e main and Gme and scecod srder seeood-
ary veios, 11 15 interded o wndertake fucther trols io Ao actempt 10 producs more
severe iron deflcisncy symptoms,

(11} FAoeeds and conms

In the eatmenis lackiog nitragen, sulpbur aod phosphomus, & smaller oo
sygeery was produced thao in conlrol planis and & fair size comm in reladion Lo
gritwth of the whoels plene The comparatvely lerger size corm io relation to leaves
was mosl marked in the mians oitrogen Iresiment and wag sumidlar (o eflects of (e
sarme reatmene given to sweet potalo planis (S5peoce and Abmad 1967) where a
very restricied leaf area allowsd developmeot of o fair=sizsd fuber,

I dhe minws calewm ireanment there wias severs dyoig back of moots g0 that
as marked Jeaf sympioms appeiced there was little oot system eft and death of
the whol: plam oocwrred rapidly. The piz: of coron in relation (o leavey was imiler
I the conteal plagts.

Lack of potassiuen resulicd fn 6 smal] toon 2yMem and mapnesiom debciency
was pisocialed wilh dying back of moots. The minus iron teeslment produced
ool gysiem sipilar to the contnds,

SUMMARY ANT COMCLUSIONS

Characteristic and sovere sytapismns of deficienay were prodiced by lack
af the mapor planl oelrgnts mitrogen, sulphur, phosplions, polEssivm, maenesionm
s canderum sind mald symoptoms sdth lack of rog,

Tizmoe ynalysss ndicated low contents of the plant nutrients io relaion o
Treatmant.  ‘This analysic further indicated a high level of potassium in |eaves and
petioles and m rowMs, except where Lhin nuiment o omitted,

The ssociation of onger of polassiuen defomcy symptoms with guttation
deserves funiler Investgation,

A related cdible arosd, Colocaria arlgusnem, s reponed o secrele up by
00 | por day of almost pure water (Bennet-Clack, 1959}, 1f, as eppegrs to br
the case for tannia, potasziom deficiency upsets this ays1em of seorclion then funiher

mvestigation may Oeeow eht on the sympron devchopment andsor the mechanism
of accrecion,

Also of interest were the chargeterictic magoesium defici B a1
At 1he securrence of euch aynprems in the Bel in association with uwrﬁséum-
Wiry content in Jeak tistee of bolh lannis opd dimes. This segeesis the pesibility
teor wse of tannia as an inkicator plant for mosmesiom deficisnoy.
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THE RESPONSE OF TARD (COLDCASIA ESCULENTA L] SCHOTT)
TO N, P, AND K FERTILIZFATION UNDER UPLAND AND LOW-
LAND CONLITIONS IN Hawall

by —
Hamoo 5. d@ Ia Fenz #nd Donpld L. Plecknen

Taro is ope of man's oldesi food crops. Records of taro cultivation date
back to 400 B.C, Lt 18 widely wied throughout the uvopie, sob-tropie and sube
temperate zones ks 4 vegetable or b starch soetce. I is waed (o o either s
builed, diced cuber or as "pai”, 7 padte made {rom beiled, mashed corme allowsd
1 fermignl g day or more. 1L is also sliced and tked ot made inlo taro chips, Dist-
ienns Bave long rocopnized the unigue properlies of poi as 3 beby (opd [Derstine
od Boda, 1952, Miller, 127, 1929, Miller, Bauer and Denning, 1952}, Clinical
studies conducied W delermune the Foad Pmp-:rti:u of poi confircied i values as foos}
for nommal, ellergie, and poteptially allepge babisy (Citeser, [awrence, Hafrison
and Hall, 1965].

Tam 4 of p:ima.r}l importapes in the Pacefie Batin becayae 11 js the staple
fucd 0 mogt of the inhabitants. In neogl of Asie and Atrica, (135 wsed ap 2 vegerahie
stmilar o pelats ur sweel potate. In ke Hewdinao Jslands it 15 =1l an economic-
ally imporiant crop deapits the rapadly decdiming acreage devated o i@ producton.

Deshite ats inporanes, litde is kaown of the lertilbty fnd notoent reguie-
ments of 1he 1am plaod, This research was designed to stuedy the response of 1ero
ta refatively high riates of fertilicotion and to investigetz the MNP, and K roguice-
ment of tare under upland and [owlund conditions in Haoesii.

BATERIAL AND METHODS

Two field experiments were ssinblished in the ialaod of Kauei. A po
EX[wrimenl was coiwducted in 1he Manon campus of the University of Hawaij The
lawland paldies were Bicated ie 1lanabkei Yalley, the oiajor tazo producing area of
the sidde, The site 5 about 3o abose sea level wilth en average annual tainfall of
23t em.  The soil s clossified 48 8 Heuula Paddy.

The vpland plots wete focoted ot the Kawai Puaoch Bsperiment Station of
the Univertity of Hewesi, The sile is about 15000 alowee seq leve! sith an average
annuil rainfall ofF 240 em The soil ig Classificd o ke Hali sades of the Alunilols
Fermuginous Lalosol Greal Sail Group,

The Geld experiments were laid oul in &n incompifzte factorial design wilh
12 treatments and thees replicaticns. Dine-dhimd of the W and K aond all of the P
fertitizers were Byphed befare planting, The renwsiming 87 and K were applizd in
equisl amounls weh angd fogr metths efter planting. The plois weee 4.5 x & m aod
the planls were spaced 45 x 60 cm. '

Tocenty-for S-gallon cans were filled with ebowl 15 Kg of air-dred
Waimenalo snil (Low Humie Latosd) and 2 completely rambomized 2 2 2 1 2
M=K intcraclion experimen was set-ip with three replications. Rates of ferteliven
wied wepe unilerm fur N, F, and K being 0 and 15 g per pat Tust beforg planting,
vne-third of the N and K and all of thi P fentilicens were thoroughly mixed with
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the soil and the refmampug N And K were applied in equal amounm &t two and Foue
months after plantng. In all experiments, wrea, relile auper plonsphare and porass-
oy sulfete ware used @5 sources of the elements,

Periodic plant samples wete collected consistmg af the petiokss and blades
af the physiclogially most ective leaves of three plants per plot. Petioles  #nd
blades were analyzed si:pa:attlg for W, P. K, Ca and Mg. Nitrogen was analyasl
by the Kjeldah] mothod modi to include nitrates {AOA C. 1960%F, P. caloris
metrically 85 the ammommom-vanadile yeltow Sompler Prggsum was analyzsd
using a Beckmam Model Dy lamephotometer.  Calcium and Mg were complegos
mcteically analyzed By titration wdth EDTA wsing Caleon and Enochrome Black
T indicetnrs [Black, 10457

Harvesting consisted of pulling 15 plunts per plot &t 12, 14 and 15 manths
from the felds. The main and sucker corms werc weighed separelely. In the po
experiment, 1he plams werg pulled cut at the age of six wmonths. The root, comms
and leaves were thoroughly washed and preparcd separately for chemical analysis.

REESULTE AND IHSCUSSION

Mifrogen fertflizafomn

The todal wields im wns pec hectare of wpland Towland raee s afected
by imcreasing rales of M applications arc shown in tibles 2 ad 3 Seatislical
anzlyais of (e yicld data shows signifcand difcrences amosg means of different
meatments both in the opland and loatand Balds. In the upland ceop, howeser,
oy increasing M fertilizalion increused the yields significanty whereas wm the low-
land, bolh fertilization and dare of harvesting gawe significant imemeases in ol
yields which seend by indicale deat upland faro matetes enther than bowland taps.

The hichest yield in upland 1aro feclilized with M were obrained from plots
whezly reccived 560 Kﬁ;Ha M. The viclds al 280 aml PI30 Kp/Ha M woie alsa
higher 1han thase of the contral; 1he decrease in vields a1 the highest level of
wits probabiy due o Insdoquate supply af Gther outréents or the imbalane: Mrught
about by the exccisive supply of N,

In the Ivwland tan, the highest viclds were obtaivead from the plois glven
112 ]"Lg-“Hn M ."-"||||'II:I'1.Ig|1 the trend in ]-'i.-:ld increase for Bodh CHps a3 fllr'-'il'inﬂqr,
the highest rate of W applicetion did o secav 00 weset the balance of aoitients in

the lowland field since analysia of hoh smils showed that the fowlamd fields hayg
higher ferility level than the upland Reld {Toble L3

The commsitpan of lcaves of both vphnd and fawlund am wns offected
significantly by feriligetiem #nd age (Tables 4 and 5). In upland taro, only per
cent W i the pelioles was increased significandly by W fentilization. Pec cent F, K
am] Ta dececased with application of N, while My tended to jngreasy but the in-
ereisd witd nl sipnificant. In the blades, per cent M and M imcreased sicnaficantly
when M fedilization incteased. Per cent F, X and Ca in the Bladss decroased
cignificantly with W (enilization and age.

Per ¢aot N end Mp @ the T2pves of lrwdand teeo showed signifcant in-
creases due rx M ferilization end decreases doe 0 matoralion. The ooy of N
nEp-]'H:Ell'lu-m and age on mer conl P oand B oaf Towland eo leawes 15 sispilar o those
abtgingd from the upland crop.
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Table ] —Anolysir of soifr wied im the ficld experimenmd

Lowlandgd Upland
FH 5,47 4,58
CELC mesl00 g 00 17.45 24 44
Exch. ©a2 me /100 g 0.0 2.7 1.54
Exch. Mg me. /100 g 0.1 .92 D45
Exch. X me 1 g DI 0,323 0. 260
Taolal N % 0,22 023
Exr. F prm Ny 4 g4
Sand fracticn % 54 5

1
Average of deperminations from 8 plot,

Table 2 —Efectr af nitropen an fopal vields
frowes/ fevrare) of wpland rare.l

Treatrozot A e ar banet
Kz NfHa 12 manths 14 months 13 moniks
4 {Cootral} 6. 69 5. 18 T4
0 067 12 Gibe 8.7
2080 15, Feb 1. 27ak 201 63ah
560 21,56 22 A 25, 54n
1126k 19 . 5Eab IT. 230t 6. o7k
1

Diferances among values wtth the mme lefter in the suparactipd ate ool seEnlficant,
Cpntrol dale #ob Included Ln JaHaHeRl Roalynts.

Table 3 —Efleciy of nitropen on the yields
(tons/ hrcfore} of nplamd lara 1

Treatmeot Aps al harvest

Keg. N/Hu. 12 months 14 maolhs [5 cionthe

0 (Contooly 24,6 28.97 32_49
0 24 7 35 85de 31, 14=

280 A2 Rl 41 .29 44 (e

11 33,459 51 _5dab 5. 41

1020 7 _P5ede 3.0]ab 37 62a

Dlffccenccy amang valuor with the spme teticr I the suparacrpl Afe oot ALgE o,
Conilre] dala it iBcluded in atatlghical analysia
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Table 4.~ Fifecrs of mrrogen ferilitorion

Treatmenls
Kg/He M

0 {C&'lntrﬂl]i 1.25

1.040

ZED 1.63
it il 2 Ik
L120 2.
O (Conupdy 011
(i} 0.3l
2ED 01k
560 01
1120 01

0 (Control) & a0

0 10T
280 10,13
IR0 o l5
1126 T .40

0 {Contooly 1.19

L) 1.5
2R} .87
Ti ] 3,45
1124 3,37

O (Contrel) 0.1

n 010
2R o1l
SED 0.1z
112 nii

EEMMM

Pettolea
Age in monte

L]

L NN
CvhF A

0. 164
d.411
O 1558
0, 144
{144

ol vl -l vl
[t = OO NE ik
H-JC-"-.-I'IE'D

iz 3
Por cemt M
1.2 3. 75
1.11 A 64
L. L 4.09
1.14 4 45
1.32 4 4%
Per cent P
0.203 0.251
0.385 0.356
O.281 (0 340
5N I )
0,832 0314
Per cent K
4. 78 4.73
6 B5 5.52
5.33 5.7
4_50 5.07
4 R0 4 0}
Fer cent Ca
1.o8 139
0.6 1 29
1,768 1.17
.51 L.Z20
.74 1.1%
Per cent Mg
.14 qO.18
.12 1 5
.14 Q.8
1% 31w
.12 .20

coripasition of gpland fara feaves.?

Blades
Ape o monihs
7 9
.27 ENL
3.3 3.02
I.E0 3.3}
.14 3. a4
3 35 3.64
0.263 0.251
0.3%2 [h,313
0281 1 25%
.26l O.28E
L.2BE 1. 29K
5.27 3.9
5.3 A,
57 477
5.4 3. 07
5.0 417
1.24 1.16
1.03% i. 2
0wz [, 22
0.95 [ . 1)
0.75 0,75
Q.13 .22
o.11 0. 14
a_ts (KO I
o.T 020
0.15 o.17

i -:.-au:-.n._.h.n [ Rl L

o e e

LL— 13

el
ET)
LM
g4
293

O3

05
1
LSl

.24
L2
.23
23
.22

Averhge o three replleatlons.  Hesabta of enelvsls cxpresced I per cent oven dby

Control plola awere not feecliised, oll athee aiibecks cecersnd Tasle apphicntions of
280 Kg /Ha, chch #f Pand K. FFP us @
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Table 5 —Efrdtt of nitrogen forti yeriom
an coipasiion of lowland iare lemers.d

Petioles Blades
Trocatments Age it months
Kg./Ha M
3 L] o k2 3 & W 12
Per comt W
0 {Control]Z2 1.0 097 081 .64 4 g2 AH i | 2. 74
4] 09 98 0.73 O X d.11 410 3.1 2717
280 1.4 108 4.1 0681 43} 4.3 113 2.3
60 i.22 .33 DT 064 437 4,61 3 47 3.0
120 1.%8 I.BEl 47 U.81 477 4,95 3468 43
FPetr cent P
0 {Contrel O 2E D570 G516 00312 O 0 477 (0377 0U309
i 0.353 0,654 0O. 517 0.355 4. 437 0489 3,559 0. 3G
40 0.381 O.&45 0475 0337 O.461 0.522 ¢.380 0.3
0 4.364 0629 0.438 0251 O.437 0.568B 0.376 () 312
i[Z24t Q.247 0581 0.23% 3237 O.435 05465 433 [ 307
Par cer K
G [(Croadpal) 2,005 .60 .93 1.02 .83 4430 2. 85 2 &
1] 1, 6] .40 1494 1.7 4.44 523 4,37 4,45
2R 4. 0% 5 A% 3.40 | 74  d n 4 %97 4 14 337
56d) 1.ua e S . | (b o7 337 4 38 1.4 2.71
L1z 230 .o 1,44 O g4 2.99 4_53 2.70  2.45
Per cent Ca
O [Contrody ©.77 74 0.8 (r&D 1.5% 1.55 1.45 1.7%
T g6 e 072 8.7 1.27 1.22 L.25 .66
TED g.e7 &7 071 4% 1.11 (.2 L.28% 1,43
1l 074 OB D.T?  0.45 1.31 1.29 132 1.,
1121 0.85 0.4 Q.64 42 1.4% 1.22 L.27 1,02
Per cent Mg
¢ {Coniegl) Q4.58 O.d o.d48 {32 I | 1,35 0.35  0.33
0 046 04.33 0.3l 4.3 0.6 0.22 0,24 0.27
2Rl 6] 52 A 4] 034 .32 051 Q.35 .24 0117
il 11.41] 4% 0445 2% 0.4 0.35 0.3y Q27
1240 0.5 .43 0.4% .32 0.6 0.33 3k (.20

]
Averag:- of theee replrallons Hresyliz of apalysls eapressed ln 50 o0 Gweb ooy
bakn,

Contr<H pLHS ware et [&-llized, Al otber irpatmenrd repeived bagle applicatlo )
240 Eg/Ho. each of P and K. [ L F] s o
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Phospharus Ferlizarion

Comu yields of bath wpkand and Exwland 1 in tons per hectare arc shoomn
i Tahles 6 and 7. Yields of buth coops iocceased significaotly as T oicnilizer -
creaved. To ihe uplend, the effccl of Pis curvilingar aod the highost yiclds were
abtained from plots fenilized whith 560 Ka/Ha P. Delaysd harvesling tid oot mve
sigrmficant effect cal yiclda of upland taro, again sbowing that wpkod famo maeturss
gaclier theo lowland tarc.

Feelds of hwland aws sere Hi%_niﬁca.ml}l imfuenced by increasing caleg of
F fertifizalion and delayed harvesting. The taghest yiclds weme obmmned rom plots
which received 1120 Kg 1 o ' andd which were harvesied ot the age of 15 mooths.

Leaf composition of upland and lowland raen fertilized with ingreaging rates
of P oarc shown i Tables & and 3. The per cent I i petankes of upland (wro was
dircenly relzted 1a Poofertilization wlhile olher elements studied werc nepalively
affegied by P oapplizehions. T the blpdes, only F content was signifieantly aifecred
by T ferrilicatin,  With the eaception of Mg, tissoe conteot of Qter elemenis
decreised with the age of the planis,

Similarly, the composition of he luwland tara leaves wag infueoced by &
leruilizer and age. The deercase jm per cont K was the omby sipnificant change,
although P, Caoand Mp lended ne decrease. All clements studied decrzased sigmii-
candy as plails reachied malogily. Inthe blades, X, P, K, Ca and M3 were sigmiti-
canlly afesnal by ape of the plants when U samples wire collected.

FPorasrium fertilizadion

Significant increese in vivlde af uplaad e due boomereascd fernlizalian
with K were obtained (table 107, Delaved harvesting gave s slight decrsase io
yields, bur e effeer was no statistically significant. In the lowland, there wrere
no sigmilicany inceeases in coren yicld doe to fertilization with K. Yickd ancrcase
due 11 delayed harvegling, owever, were highly significant {table 113, Highest
mean yield obtained from vplanl Gelgds were From plong Fertilized  with 1120
Ko/Ha K and harezsted ot the opg of 11 months  In che hiwlond, haghest vields
weee nblained from plots which reseved 1120 KpsHa K, bl harvesled at the
age of L5 months.  Yiclds obtained a1 [5 months from lowlend paddies which
recgaved LI20 KafHa K were not significanily higher dhao vyie'ds frorm 0, 230
el SA0 Kp/Ha K plots, but were significantly higher than yiclds chtaned ot
12 months,

Thar comd M, P and ¥ in petiolez of vpland tare uiceeased with B fergibizo-
tice [(1able 12}, The increased in por cont W oand K were bighly sipnificant while
the ivcrease i et genl Powds nol significanct. Potassivme appllcanon significanlly
cececssed T2 and Mg content of the peticles. Ame elso affected the commposiliom of
the petinles; per cent N, K and Cadeersased signiBeantly os 1he plents matured .
Ier cent P incdedsed significantly, while incoeace in per cent W oras nod significane.
The compuosition of leal Blades of  wpdamd dans showed ke sanie tremds ux Lhese
frmand am 1lie petioles, howewver. Increase in per eent M and P wore noc sipnificant
while incrzase in pecvent ¥ oand decreases in per ¢em Ca and Mg were highly
sigraficant. The only clement analvzed in the blade which increascd as the planes
matvred was Me. all othet comstiwents decrcased significandy (1 % kevel af
significance).
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Tahle 5 =Fffecrs of pharphoras on [he welkis
(totshectare) of wpland rare.l

Treatment Age al harveest
Eg. F/Ha. 12 munths Ed roniths 1% memiths
0 {Contred ) {0 T Ao 1E T.3%

)] 12 012 16 &UIE 14 .91
2EQ [9. 5By 21.27udefg 20 . 63dete
ShlF 2% Gabeb 26 _S4nedp 4. 1B

1120 3.1 23 Rdbedet 3. 0%be

DePerentat amang valweg with the sime leiter ib the oepersedd9l e not ygnificsce
Conirgl dpsa oot locinded o slsilst|cal wngiysls,

Table 7 —Lfecir of phospherus on rhe yields
frove/ecrarel of [owiznd targ 1

TreatmrCni Mgre at harvest
Kg P/lla, 12 menths !4 montha i 5 menths
U {Cantrod) 24, {6 28 97 3249
L 289, 2g= 3E . G7Tbed Jor. 2 Thed
240 32 . Bloded o1 .20 dd _02ab
56d 24 47 37T . G9bede JE . 13bede
1120 31.4xdef 48 . Blab 48 b

1
DIferencs among values with the gome letk=r In the spperecripl gre DOt slgmlAcknt
Cootral dale oot locladed lu Malisftleal OEl1yals,
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Table 3 —ERects of phosphorus ferriliration
on composition of wpfand fare leaveesl

Petinles Blades
Treaimenis Aze in months
Kz ,/Ha P
3 & o 12 ] & 9 12
Per ceot N
O (Coneenl)2 1,25 1.12 0.30 1.29 .75 1,27 309 3.43
2] T 48 1.70 .34 1.25 4.34 3499 353 1.53
2B 1.1 1.20 0.73 1.11 4. 0% 3.80 3.313 320
S60 212 1.48 {0.83 1.3 4.23 99 3.6 I M
1120 Z.1K | | o7 1.2 4,28 3172 316 3. 84
Per cent F
¥ oComtroly  O.V12 O 184 G1ed 203 {40231 265 Q51 0.2
3 O.118 €128 013 4,159 0232 0254 0145 0.%60
250 165 0158 {275 O.2E1 O340 0281 0.23R 0.20R
5640 0239 0D 143 228 0.313 340 0287 030G o 30
1120 2.511 .154 O 244 {oagl God0? 0AEE O¥9 O.3T7%
Per fent K
i (Comraly B 40 T30 3.3: 4.7 4.7 5327 391 403
] 1.9 B_6B .67 G20 5.3 5.4 4 6% 1.15
2ul 1013 .85 5.77 5,33 5.7 5.7 A&4.T7 d. 1%
560 o, 6T T.AG  5.12 5.51 59 523 4.5 3.9%
Il .77 T.0% d. &5 52T 580 513 4.5 4,11
Fer o2t Ca
B (Contealy 1.19 O.E7 o.72 1.0E 1.39 1.2 1.16 1.63
Ll Dod 1,77 n.ag 081 1.13 . EY 1.04 1.27
230 O.87 4.6 057 0 17 0.8 D92 1.8
] (W TR | A5 i, 7H 1.1 0,85 095 1.23
1120 O %t O EZ 53 - 1) 1.27 0.9 1.11 1.3%
Per cont Mg
0 {Cootral} ©.103 .15 .11 014 1B 0.17 Q.22 .24
{» oo .13 oI a.lsa DS 14 020 D.PA
2RO a.Il 0. 13 0.2 .14 O.I% O.15 o1 .23
Sk 0132 {12 0,13 o.1% IR 0,14 0.2 O.2%
1120 a1y 0 ool a1 it 414 0UlT 0 020

k
Average of three ceplcalions Fesalka of amalpsls expeedced Lo pec cent oven ary
welzht.

2
oandrat F'|-!'|-1-3- wera nnfl Tariilized, pll dlher Leedime=bis reerivsd BEEIC Appilcallong of
2080 Eg. Jia. each of N aogd K.
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Toble @ —Fffentt gl photphaorus feriilization
art covnpeesitiom o dowlaed carge lewvas L

0 (Cuntool1 € 100

rl
T
Sl
112

O (Caniwl ]
i
240
LD
LIZ0

O (Conirel)
]
2RO
sS40
L1200

0 [Corkrolk
Y]
280
b1yl
1124

G (Control)
4
LRl
AR
[120

Sioverspge ol g ee repllcatlang,

welRphr.
A

L.31]
L.06
1.14
L. LD

248
. 526
351
W
372

205

R
.03
LH5
I

Lt 1 fa

.7
0.0l
. &7
065
0. a6

T
11 filt
.52
043
WL

Aps in montbs

Prticles
;] 1 L2
Por coml ™
0.e7? r.Bl .83
1.17  104.74 4O.62
1.os .78 . bl
1.[9 073 . A
123 .74 {1,710
Fur cent B
g s 0O &16 032
067 rare 4291
J.84% 0 478 [ 327
1.650 0 46F 0,209
0.63% 431 0,258
Pzr cent K
I.60 L.83 1.02
AaD 2345 .33
e 349 1,64
.81 2,52 1 2nh
5. 000 [ oy 1 G
Fer cent Ca
0 1 RE 6%
[FT R A N B 1 1)
0.71 o 71 D5t
LN I | 0 ag
t.a6T 0 7] .53
Par cent Mg
&4 0 A8 0.33%
1.q4 @ 17 1
{+.al 1 34 n.iz
.45 0,33 0.3l
1.4¢6 039 .31

3

4.02
4.74
4.42
4 41
4 33

A0
A5
461
4R35
L2 -k

o

.23
A
A6

D
S

ik B £ b

34
A
L
L
13

—_ .y

i

a
1
.52
0 85

ot B e . L i

b e g

DD oS D

—— ey 1 oEm

Blades

] ']

e .13
J44 1.0
L2 3 I3
A 350
47 h.23
477 . 30
iy 0 35%
- W1~
560 0394
JipE 0374
L0 2. K5
YD 348
a7 4. 14
.E3 3,45
.43 312
k] I 55
1721
i) 1.2%
LN} 1.23
a 1 3z
LS | MY
Y IF. 51
15 .24
5 | B
L) 1.3

[TTRN I QU ]

£l
.29
1.
AR

£l
1]

ras m e b
i ] -
-m-..:-Eq

[ R B e R )

LR N P ]

2

-d
L= r]

L34
21
LA
B X

L
3

TG
T

L

bl

T

Al
Y
28

13
1z

e

. |

Ecsulle f anbivsis =xpressed n per &b CUBng ey

i'nnlrgl pents were aat fpesidred, gl other vreatmenls recelved hesae ppplicatlons
280 R Ha cachh ol N and K
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Takla 10=—=Efarts of polassinme od THe Welds
Flons/ ectare) of yplend ol

Treatment Age a1 harwesg
Kz K/Ha. 12 months 1d manmihs 15 months
{1 [Cr}ntru]} 669 k. 1E T.32
i I 6. 300 18. GEsbe 14 R5¢
a4 L& . 5Kobe 20.27abe 20 . 63abe
5&0] 6. 77k 25.32rb 20, 958
1120 17 178 20 THabe 4 {Habs
1

[HlEarN&es amakg “alues wacl, 1he sama 23iee 1M the SuPeTseripl arg oot sifelle:ht.
Conttoe :lpla oot Lneluded in statistdeal wraivsls

Tuble [} —Efecis of mwasvum on the vields
(roeesd o) ef ferplang ferel

TTeL Ny Ape ar harvest
Kg. K/Ha 12 manmhs 14 muoths b5 ool
L {Cortcod} 24 A8.97 3T 4%

f 31.97h 41,512 45. 324
280 32 _Ell 41 Zua dd (12a
S0 09 94D 42 47a 43 . 758
1124 32 .27k 41 . 3%s 45 . 9%a

1

DIfferengey wanong valuea willl thie adme letler io the paperseripl we not S=EM.HCBOL.
Contro. data nnf leeloded tn scabslieal anelysia.
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Table 12=FEfectr of poacfum JTertilizaiion
on composiiten o} wpland g 2aeesd

Treatments

Kr.fHas K

U (Contral)2 1.23
it .

1.&

T80 1.63
Lol L. &%
124 1.9z
O [(Controi}y 00112
I . 147
JED . 165
k1,1 ¥] [r 20
L1z 0. 1463

O {Coptrel) 444
Y|

ilo

Za4 [E. 13
u)ilH 1027
1120 1l.1s
0 ‘Contraly  1.149
L] 1.17

IR0 o.g?y
540 Q. 84
11240 Q_E?
a [(Contrell {10
L] i. 1%

280 Nt
560 a.1i
1i24 Cr. 10

1

Ape in mornths

Petioles
G q 12
Per cent W
1.1 1,0 1,29
i.19 0.73 1.33%
1.20 w.73 1.11
1.83 0.%2 1.21
2.2T 0O.E8 1.30
Per cemt T
o.ls .164 0.203
O.143 0.253 Q.31¢
0.153 0.275 0,281
0o1ds 0270 0 35
015 0,233 0 384
Fer cent K
T3 3,37 4.7h
2.71 3. 13 .53
T.85 577 533
.61 5.7 5.86
1127 S5« 7.t
Per cent 22
.87 n.7% .04
L.04 ;.63 0N.95
.66 0537 0.6
0.68 ;.0  0O.E4
0.63 055 4467
Fer cent Mg
oI5 a3 0.14
.26 o1y 02
4.3 12 0.4
a.[3 .13 I
2 (O [ VI L

i

1%
. 21]
)
B
12

O L

231
.293
11
339
J31

Sooo0

Ty
i
Ll
L

17

o Sl bt fa

34
47
L?
14
2

_—— e —

B

J1
1B
16
013

o ]

Bludes
[ o
b e S R |
3.5 31 L6
.80 3.35
1.87 .50
.85 3.59
#.265 0.251
Cr. 294G 41,3005
d.241 0.188%
k. 302 0.2y
B.768 0297
5.27 31.01
3130 3.7
5.7 4.7
.28 4,67
.33 4 fou
1.24  1.16
1.7E L. 20
.92 {1.43
i.4¢ Q77
%2 4165
1,11 Q.22
19.27 0.24
ga.15 0.9
a.14 022
.11 1Y

Lot La Lad Lrd b

Qoooo

ac-ooD

[ N RN

GI—II—I—I-I—

43
47

.26
23
CGR

270

LAk

29y
505

L3323

-0l

0%
2l
52

a4
R
L1
2
.20

averwe of Uyec rfplieatinme Hesuld of anulvsie ¢xpeessed In per cent owen diy

wreight.

Contral plaes weoe nat Sectilized, all wiher cedtmeils recelved besie applealoas of

280 Ke Ha. vach of M and P.
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locreasing mtes of K fectiiznlion wereazed K o petioles of lowdand tara
sipraficantly [table 13}, Calcium and Mp an the pelioles decreased sighificantly
while F and N were nok affecied significantly, Phosphones, K and Ca wcresded
significandly as the plants matursd whereas M oand Mg decréased with sige.  In
the bladeg, omly 1the K content inereased signieanily with increasing K f@rilizers.
Fotiz=iuin fepplizetion bal negative cffeclts on M, P, Ca, aod Mg conteols of Lhe
blodes, Begremses in per cont Ca angl W weree highly significant while decreases
in per cend ™ oand P were Ao, Phosplerus, K oand Ca alio increased siguificant]y
85 the plants grew old while N and Mg decrcased,

N-F-K interactions

Resulis of the pot experiment showed that only N pave signilicant inceasts
in the weighte of corms, rools and leaves of the plants, Mitmegen deficiency
characeerized by general yellowing of the plants was obssrved in all planis which
dit o recelse M fedilizadon. Mo Poand K deficienciss were observed
cven though plane analysia gave P and K contents of ea low gz OO153%  poul
1.5%, tespeclively in 1w petinles of N-teealed plams and ahoot 0.3% F amd
2.0% K io the Blades,

Table 14 chowt the wesphts of corms, roots ond wwps of the plunta at six
mooths. Fhosphorss and K fentliztion tended w increase the growth of the
plants but the cfectls were oot sigmficant

The coneenratians of M, F and K in the individeal leaves decreased fonm
the youngesd 1o the cldest, excepr Powhich inereased from e youngest (o the
cldest whap P oaapply in the sodl waa mod Limitng Cralde 15).  Compexition of
the oM and erops 15 alsa iofucneed Ly fenilization (able 16,

The cesulia of the tisswe wnalysis are WETY EOCCUTAINE simce  they wre
suggestivs of the frasibility of using leaf anelysis a9 3 possible guide w o
fortilizer needs of the tarn crep.
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Table 11 —Efesy of Aotariiued feriilizarion
OH CampOEitiom of Towland farg insvar
Pedicles Lilades
Treatments Age in mooths
kg +Ha F.
3 7} o 12 3 ] q 12
Per cent M
O [(Conceal)2 1 00 0.%7  0O.R1 n.ées 4.0 409 3.13% 2.78
Y] 1.21 1.1R 078 0. 4.6 442 3.3] 311
280 1.0 .35 Q.71 o864 4.3 423 .23 2.0k
540 1.11 117 0.64 068 4. 51 4,20 3 34 Z. Bl
1120 1.12 1.22  D.71 o7 4.5 422 3.25% 2. RS
Per ceol B
7 (Ceptraly 0268 0.570 U.516 0.312 D.4H 0477 0.377 4,319
a G227 0628 0.463 0.307 0B.437 0.542 0,377 0333
T8 0.331 0.&45 0.4Te 0337 0O.46] Q.5322 0380 0.321
550 0.263 0. &1 0.472 0316 D455 0.547 0,382 0.316
1120 . 381 OATE D405 0316 D439 0.530 0 342 41, 3mW:
Per ool K
O (Coptrely 205 3.8 1.93 1 0z *RY 430 2 4% T R
0 165 2,87 1.36 0.9 251 3.6 .30 278
28 4. 03 .68 31.409 1.64 4 & 487 414 337
S840 F.50 B03 3. 149 4 B3 527 T.90 3.3
1024 T.23 3.5l 4.15 224 5.4% 5_87 d .3l 1.6
Per cene Ca
0 (Coentreld QYT 00 OEA 48 1% 1,55 t.55 0 1.Ta
Ll oAl .54 0.7 AR 1.47 i.65% 1.44 |.43
IR0 0671 .71 (O | .51 T.11 1.24 1.24 1.413
5ed 056 O.71 0.6 O.58 0 091 1.1% L.1a i.37
1120 .5 D& D45 .52 0. Eh .13 L.02 1.0%
Fer cenl Mg
O (Coentroly BUSE OG.44 L dE 323 0.7T1 0.35 n.3A5F 033
0 .5 0.5% {.468 0.3% 0.6 0.4% a5 0.37
TR n.5r  a.4] .5 032 .51 9.15 n2a 432
a0 .42 a.400 4,33 033 5z 0U.36 4.2% Q=27
1120 Ooaf Q.38 O.2F 0.27 b Q.40 .26 028
1
ﬁ-:-;tﬂ'e of ibree replloollaos. Bedults of poalyak: expreszed bn PEE CEHE o¥en dry
weight.
2

Canirn] plotg were pet fertilleed, all cther trestpwnls recelved bhasiz gnpilication o

200 EHy.slla. =achk of H and P
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Teble 14 —Wreight of corms, romis and mprs of forg plawts growm in pors.L

Corms BRos Tope2
Treatments Fresh wt, Doy wt. Dry wt.
grams per plant

Cantrot LR I E. 78
I 478 .16 22.27 86,67

| 7312 .23 1 B
K T4, ™} 1.71 & .50
MNP G54 4% 21,49 67 .44
] 4 a6l . 43 41 .85 £ 53
FK T, 12 I 38 L].54
MFK TTL. &7 26,134 32

1
Avernge of thhes renlIeRblome.

Tops Lelude peiloles aod blades,
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Table 1} —Commasittaon of the perroles and Blades of individual lemves
Of sezsmpontth old jurp growe it pofal

Pelicles Bladex
Treatmenes Leaf number Leaf mumber
1 2 3 4 1 2 3 |
For cent nitpogoa
Coantrel O.FE 084 OEB3 D79 316 3.2 3100 253
M 1.0z 0.8 O0.El D.7 36T 360 32T 2 .83
F G855 0.9 4.8% 0O.RS 5l 3.63 .19 2.A%
K 1.1 093 0O.B9 0.8 384 31517 349 3.
NE L.41 106 O.B3 0.7% 4.0 3.4% 3315 2.RG
MK (.10 0.9 4O.857 QB8 3,77 .65 3.3 1.6
K 094 332 G077 075 I LE 34T 103 251
NFMK .41 L.12 T.os .87 479 416 3.41 2.0)
For cond pheaphorog
Control ¢.562 O.714 L8522 1.126 1.424 0. 372 D 344 0 232
M 4.232 0166 0154 0130 0,326 0.260 0.2]4 0.204
F 0. 628 O0.E2R [ U327 1214 O 47E D526 0493 0O 517
4 Oadt o524 0707 O.836 G512 0386 0.37T6 d,3E6
T .etd 0434 0.436 0.452 0 454 .36 4202 0.274
MK 294 .3} 0,163 0054 0352 0260 44128 0200
PK D728 .73 D87 1214 O %2 D S50 1 4494 @ 550
HFK Doedd 0556 0558 544 G SEE 03B 0.330 0.246
Per cent potassium
Conerol 4 2 4.5 440 d4.3% 4,43 I6E 300 3.0
N 252 1.FE4 146 116 3124 2,60 215 1.68
F 420 4037 .81 3490 3R 364 10R 2 7%
Kk 568 490 4 474 4T 445 356 3%
P 3.34 t90 1.0 T.16 334 206 10} .45
] 4 5% 51 455 455 4. 4.0 145 3,490
K 540 445 445 495 4.3 4.2} 365 3.0
NP G50 5 48 5.B6 530 4.45 A R4 340 3,28

a Compostte wsenples fUrvm ldee pDlenls peer treoloentb



FAMOM 5 DR T.A PENa ! HI'Y, FERTILIZING OF TARD [} i

Tahle 76 —Nitropen, phosphisss and polasfom cortenis of the roxots
arnd carms af six-mondk oid targ growe in pod-

Roots Corms

Treatrogoils & M % P T K A ) h P o b
Cantrol Q.7 Q.243 5.05 0,2 3. 19K 1.0H)
M .93 Q.025 0,75 Q0,581 o152 0 %a

F 0_ K .394 4 .40 1].33 O 234 [, 54

K 0.7 0.2x14 .52 0.25 1. 1597 L.
MNP 1.a7 0_AtHl 0_48 .71 .23 .52
ME 1.20 0. 116G 4 .00 1.0 . 111 1,2
EFK 0 ES 0. 3%0 i AR [t} (215 1.1k
KPK 1.0 Q.2 340 0. a0 1.217 1.17

1n

EEFELENCEE

nkena, [ A, 1532, The production of wreliend tara. Uolv. Dewad Agr. Exi,
Sy AyThnllarel Modew o 18,

AR 1I'HD {¥Acial methads of goalys:x 9eh Edition. ALRA L. Wachlneton.
[ C.xx 4 B3 3.

Rlack. o7 & [Ed) 108 Kathads of gaoll anelysls, Forl & Amer. Soe, Of Agran-
oy, Gerdes B,

Buwers, F. A, I 1903, Simm facls about tace  {Mipcogeaphed) Tare Cenfrrese:,
Honaohlo, Heweald

1. L. Placknett. and [, K. Yourge, 18K, Spatithc gravily evsidation nE
oormm guallty in care. Howwll Agr. BExp. bto Clegygler Wo, 1K

Drerstine, V. 2od E. L. Rada 1852 Hame dietetle fpeiers Infduftielng The markel
Tor pal In Hawsr  ©alr. Aawadl A7, Bood, Baol, 2.

. Gleser, 4., H. A, Lawremee, A, HeRerlein. and R, Ball, 105, FPol —I{s o5 ar 3 fuduo

for oormal, glkergie and potenbishly silergue dpfAmte. (Mimeo
graphl Tam Coolerenses, Howslnbs, Havald,

King 1. 1833, Tuylamd rara and (9 cyligre, Undw, Xawhil Agr. Ext Serfv. AgH-
maltmgl Nl Mo, 119,

Blill=r, 0. C. 13T .lF{;IEll] valwd of ok, lary end limdo. P. Gertlece, Kabhon Moaeom
Eml, 27

-— — - 2. Food values of breadfruit, tece leawss, cocomur atd augac calie.
T Eerulcr, Blubvy Misesmn Bul G4
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THE INFLUENCE OF FERTILIZLE BRATION OX SWEET FOTATO YIELDS
AMDOLUALITY

) —

Georpe  Samwely
Agrowrongese, Aopdicteltoead anevpaenr Srenan e ) Poeeter B

The swect polato cccuphes an mpoctan: flce m dhe Pocrlo Kizan dicl. D
e ol aunricional impedancs, st only for its high calenic sidare, but tar its abondom
vitarmin conteal, csperiziy visamm AL TR vellow Tesked wvancty PR Xo, 3,
Far amsbance, % eXceprimadly lugh oo carntene, tos presiding za inexpeasive and
abundany wiroee of St A Por g angd iaeical,

The coltivatmm af aweet poratio aoks &5 oone of 1he mure impenanl craps aof
Fucrio Fign. They are giown in all arcos of Lthe Tuland. From 1963 g L9605, 1hy
awcraer pradoction per prar of the caest potatr crop ic the Yool wnraneed in
|3, 60H) e ot @ mosin casheowinlwe oof S0 8000 zmngilly Annan [9466G, The mapriy
of the crop geawn reccivzs e or en Teniiver and & onidieom of core. e meneral,
thy swoegl politn gonps are prown on poor o margieal Gond o3 Bele aeniion e
propea aeboieanie prachiect, best forihser stodfies davg hegn devoded 1o vaies of
fertifizee applicd.  The porposz of this work 3 te evalusse 1he major oLl
reguirements §M-F-E 3 oaf the syl podaloon repamd booraten and baloaee of clonepis
rathis r Vhan alsalote quearinies el oggtepi®s wael e clfecy of these ratios i dee-
lesped [or viclds and quabty ol sweel potatoes as reflected inorhe stirch and corelea s
cCRient.

FEFFMIMERTAL RO FMLKL

The mvestigation consisted of three eapetimenss cavetink o ranpe ol sof!
eexeres from lcamy sand o heavy Clay, The [oiga ssperimenn was csaablishel
cn Catana oamy snal, @ vedllalraieed eeanal lowland wnl, alkoline in reaction
(pH 2.8, devered mostly to cooonuts, culros, SWoon gsilans, cicssiva, keans, aad
peanois. The Sakana nec expenimend was ornduclsd on Sabana Segg sancte clay
lnam, A cgstal ol <oil, which b o TriaBbe <eelags seql FpH 31 2nd a8 Frave
nlastic subsai and % under co'tvation mostly by miner sk ocrope The Cane-
Al experiment was estehlishel vn Dies clay, o Sueritic acid clay ¢pH 4.5% of the
lerrace and alluvial fans of Pucrtoe Rico, cropped mainde o supaicens aml .

applas

The lemibzer creatmienrs fr the three careniments sl virLing jaor:
meEL: of pitreeen (Y1, phivsphoros CF 01000 ol potieinme (K €0 e esshlig
the wariews calios given in Tublel. - T



SabUIDLs ; INPLULKNCE oF M'ERTIT.ZER OM SWEET POTATC YTELDS 11 - BY

Fable !, Fertilizer ratior and  Quantity applieg

Frerilizer Fertilizer applwd pounds per acre
rin N F X le]__l KEU
~i K
2 it HK Lrh 210 M
| :2 82 b, b 1.3 2100 K
T.32 1645 2K 165 peL 0] H
2:1 %) =R W] LY 0
z2:1 165 123 K| 20H 100
2:2 165 Bk 165 KD LT
L 165 EY 24 2000 THD
BF-MN
n:2 165 1] 196G ik 201
042 165 414 165 1003 ik 1|
| ;2 165 E& 165 200 0]
1.5:2 1435 . 165 L1 20

The experimemal design for all cxperiments was a irviple latlice wath six
replicatians of cach incatmenl.  The plot size was 20 feet long by 8 feor wide or
ang two-hundred-and-seventyssecond ol an acre. The propigation material cos-
sistol uf 40 wine culloags (the Grst 1B inches of the swect polagy vine being used )
per plod of UL PR, Mo, 3, B Pura Rican owest potate variely. The vines were
punted i fowr fuemows, 3 feet apart and 3 o 4 inches dezp,

The curatene gontent and starch analyses were conducted on rewdom
camples of 10 pweet polates per plal. I all casas, thy samc general abape and
sz weare nsed which comfommed withibhell, 5. Wo, 1 oord,  The material was e
pared for analysss from 24 w0 4B hours after harvesting.  The carilens content Wi
detennined by the method of Moore and Ely (1941} and starch by the method of
Mielsao (1043).

RESUETS  AND  DISCUSSIDN
Yrelds
The same N @ K ratio did not penduee highest yields of sweeet patatoes for
rach soil tested,  MHighest yields wers associated it a 102 racn for the Catano

loamy saml and Sabany Scca sendy ¢lay, whereus, the Lares clay gave hiohesi
yields with o & : 2 ratio {Table 2).
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Table }. The mean vickds per aore of fweer potators ar Mflusnoed by ferliliom
naffor,

Mean yicld per acpe in hundredweights

Ferilizer Catana Sqboana  Seca Lares
ratio Iovamey A Sandy clay clay
N:K ol 6.0 pH 4.5
o2 J1r hi 138 )
1:2 130 s 107 6B
2.2 1ny 100 T8 U]
N 1 ay k| o ]
21 TE 115 135
2.2 oy 10 18
>:3 o 12 D
PN
;2 114 108 04

052 L1k t1z 8K
1.2 iLiF) L) TR

| 5:2 b1 3 118

Least significant difecquses noeded for comperiseny at
S-percal 27 15 24 24

l=pescent 40 FhL i1 a1
# NMommal eqil pH 4.5; soil reis2d to pH, ¢ sath 7,500 pounds E'Hm.ﬂ et BT,

The dilfersncs in the ralio responses may be in part duc to the amount of
smal nitrogen available to e plant spart (om thal supplicd by the [enilizer, The
Catan loamy sand and Sabanoe S¢ca sandy clay wers liwe i gvailable sail mitmgen
and required some mitrogen fertilizer (11K poundas M per ecrz} for high yickds of
swect poiators.  Howewer, when more nitrogen was applied {200 poynds N per
avre), the yiekds dropped off Incicating thar the excess niropen appled caosed
depressed rost yields,

The relarive supply of available nitrogen in the Larcs clay madt have been
quite high as cach nliropen morement pave a vield decrease over the nenbtmopen
level {Tahbe 2). The ficld where the experiment was popducoed was Errl:ﬁl}ﬂ.ﬂj m
pincapples,  These had Deta heavily fertiliged weith high-arogen frtilhzes at rates
up t0 47 pownds N per acre for several years. I is peobable that the mesndual
niirogen was auffcicot to give adequate nitregen sappliea for high root yields. The
applicinion of nitrypen fertdiuer it thie case only s2rved 1o simulate vine growith and
depeess oo rields. A wlnte potatey femilizee ¢xperiment planted in this sail
sevech] yeard Jaler fadled to show aoy respomse to nitrogen ferulizer apmlication
Landrmu of af (1955], Andemson (I1%36), Morgan (1939, and Sgng (19530 all
report limited to no response Lo oitrogen application oo famike s0lls or e soiks
which have hesn in cover crops hefore planting sweet potatoes. The infloence of
inCreasing niltogen 0 the presence of 8 constanl potassium supply in best showm



SABUEL= | INFLUFMCE OF FERTILIZER ON SWEET MOTATO viELos 14 — B9

by the Lares clay angd Sshans Seca experiments (Tobde 1 and Figure 1}, WI'bEte
ome nitrogen is needed yiebds inereass undi] the nitrogeo level bas hegp aabsked.
After this nceeasiog nitrogen causes yvicld decregses {Sabasg Secn clay ). Where
goil mitrogen sopplies are adequate, Further mitrogen applications cause yield
decreases [lares clay experiment). At pH 6, the deceease for added oilmegen is
linear. At pH 4.5 the decredse in vield Js curvilinar with a deercaing change in
slope as we change o and M Kratioof | _ 2t 2 @ 2 {Figure 1), This may b€ in
part due 13 112 [ae 1hat 2]l of the sdded ferilizer nitrogen was oot aveilable to te
plan. Recent work hes showe thal ammoniam swifae, the pivrogen soure Jaed
in this expeciment, when apphed it high rates increases sml sockity Samuel ol
Cionzalez-Velezr (1962) w lgvels where conversion of ammonia Lo oitrals nileogen
is Wimdeted.  Thos the foll efect of the added nivrogen an decreasing yield cokl
not be realized because of the inelliciewsy of nitmopen canversion it bw soil pH.

High nitrogen spplicalions stimuiate vine groeh sc well as root production
Jabnson and Ware {1948} Howeyer, when nitrogen needs are saniafed, the
acdlicional mirtopen gexed inda wine production.  Should porassiume levels in tle sodl
be in Timited suppfy, high nitrogen application can induce pudissium deBeiencics
and lmit roon welds at the expense of vie prodection. It was E2lt thal increasong
the potascium levels in the preseace al high nitoogen could affset the harmibull effect
af Al pitrogen ome e yields, The Catana lomny sand experiment showed guile
well the ameliorating influence of potassium in the prezence of hich wiroeen. Yickds
ncreased progressively from 68 hundred weights per acre forthe 2 - DM K ralia
fo 112 witha 2 0 3N ; K mlia {Table 2], When 1he poash values excoeded the
nitregen wilwes, viclds retumed v almost optivewy for this experioecne.

The beacficial infuence of increasing polassium in the presence of high
nitragen dicd ol pwove as significant for e Salana Seca sandy glay and was oon-
caistent for the heaveer icxtured Laves clay (Table 23

Multer ef. wl. {1963} sugpested that for sugar beets 1he importance of the
N : K materan the fertilizer ireamnent mus) always b consideted in clofe enamestion
with the absolate level oF the nilcogen ferdifizer treatment is well as nilrogen avail-
ihle i dlie z0il. AL hagh nitregen Tevels, the posilive cHect of a wide N : K ralikx cn
viedd is alk the greaier. Ada low nitrogen lewel 5 much oaiecwer Mo Koo will be
eflective.  From this il fotlows thae an sbswolute vafoe cannot be given for 1he
physivlegic )l opdimuen of the N K ratio but that this is determined By he lovel o
thz Aitrugen availalile o the plant.

It should Le mentoned heve that the amean s of f20ilizer vied in esiablish-
ing the fortilizor ratios were guite high For a root crop such s swesl potatoes.
Mormally, fertilizer mwes far swest wdato in Puerto Rico do nat reach ghose 20

mounds per acre for N and Pis Gu . respecrively, and L350 pounds far KE 0. Such

high rates as 165 pounds of N per aore mey have prevénted Tl expression of the
M ;K rzlationchip for passl peolatoss.

Increasing phnsphorus lewels in the presence of a constant supply of nitrogen
snd potassiem did nod appear o caose 3 parked inlocace an sweet patabe yickls
For the 1lece experiments io geneeral.  The Catine Ioamy sl sweet polato yiclds
decreaiead % the I N oratiy changed from 000 2 to 1.5 02 (Table 2], The Lares
gave a shght but no &ignificant deorease js P Nreatinrose from 022w 152 AL
& 1.5 0 2 ratio. the viglkbs incrensed signiflcan |y,
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it appears that the responses obtained with @ varying phosphote supply was dus
to tlee mnunt of phesphate rather than e phosphoms @ nitrogen matic.  Phospbals
was not needed i the very hght wexiured Catano sand with it sewirat pH al 7.0
A rie of J00 pounds Pi 5 Per acre only serimd L depress foot velds, Ohn e

ciher band, the #tid Larck day liwited o pH & sesded bigh ratea of phosphaia
befare respon.cs could be obtamed, The kower rates — 100 and 200 pounds of
F 0O per acre — may have been unavailable o the plant and response was ooly

15
fuarmd at the heghest phosphate Tertilizer applicatuon.

Stance {1933} working with sweed polabocy on a fertile clay Wam in Epypl
{ownd that inGeasiog phusphale in eldion o pash Ik O - 200 15 2P N
ridio gave a limsted apd varisble response in cooe vield but ceer increasing vine
vield., Cibes and Samueds (1957 ) nbiained large increates in vine growth at the
expcise of root prodoction under phosphorus deficiencies io sweet potatoes.

Caraotene and Frarek

The chrplene caolen: of e sweey podatn imcreased with namoeang N oK
Tativn when potoal cemadned cunstent for Catana loamy sand and Sabana Soca samdy
clay [Takle 3). There was no sigoificaol change in caroten cament [or 1he Lares
clay. There was o0 trend Tor change o capm&ng when potstsivm was increased ot
crastant nitragen levels with the exception of a sipnificantly large sccwnulation of
capoteng for the 2 ;0 4 M @ K ratio on the Catlano Joamy sand &xpsrndn.

Tabie 3. The carpténs prd Ldreh conlenr of es pdiier as iefluenced by
Tertilizer raiios.
Calann Sebaoa Soca Larss clay
Fartilizr loamy samdd sandy ciay Hel pHAS
ratir Cardene  starch Capitene Slarch  Carolene  Carotene
MK Mg/ Porcent Mg Percent Mzp [ 0]
0:2 Hit 55 m Al 1246 107
1:3 ar 55 124 &3 134 12
2.2 1 5 123 &4 L34 116
2:0 133 55 129 a7 L17
21 25 50 124 b6 [21
R 111 57 L25 Gad 124
2:1 102 It 125 i | 2
| LI
a2 95 51 17 62 113
H5:3 g 55 1235 6B L18
I:12 195 57 135 64 ()
1.5: 103 al ] 112 ] 13%
Lzast signifkcant dilferentes needed for compaHson nt
S-porcenl g E 15 T L L
i -percent il i 20 L] 23 s

8  NMNormal soil pR 4.5; sofl raised to pH & with 7,500 pounds Cuﬂﬂapl:'r Al

Carotene tended to increase in the sweet polals 85 phoaphond fevels mse.
The inTexse 0 cardene was significant ag the P ; N vt warmowed from s 0 2
to 1.5 - 2 radiar {Tahbe 3.
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It is inieresting to nols that the averape canotene values for all the exped-
rocmts was much higher than thoes citied by Coshxan (19423 fr the yellow Sexhed
“l"'uerty Rico™ varieties in North Carolina,

The starch conlent showed 1o signilic=n] Julerendes due o aony of the N K
or P - W ratios wsed.  Aoderson ¢1936) and Morgan [ 193%9] failed o find any
influsoce of fertilizey level oo the sterch content of swreet potaloss,

SUMMARY

Figld ¢xpenments in a Cotuna loamy sand, Sphoang Sceca sanly clay, and
Leres clay wers performed (o eviluate varying ratios of nitogen snd potassion,
gnd nitragen aod phosphorus on yiclds of sweet potaioes and their srasch and
carcdone comtent.  The pesule were as folbows -

For the bgs {rmilbs Ioamy gand and :Ia:,- lnam 1hece was 30 increase in yielids
with & change from a N K e of O 2w 1 2, however, yickds decreased sgain
when the M @ K ratiz reach 2 020 The waovc fn:r'-h:r: clay soil gave decreased yislds
as the N @ K retio chaoged from &0 2 to 2 0 ). Thes sndicated thar for s2ils wilk
Ioeer availahio nicrogen supplies a 1 @ T ratio gave cpimum yields  For soils wilh
high available nitroman care must be used in kesping o wide ™ ; K ratw. -

Results with vaeying P - W ratios were mixed.

The mftuence of ferilizer atios on slarch content wat insigniflcant,. How-
ever carens tended to increase with a narrowing N @ K ratio for the kamy sand,
ard the sandy clay soils. {.‘&m:nnn contenl ol the sweet potato incrcased winh
icreasimg phasphorus
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Taran olayw,
Lgrea clmy,
o 1z i
N:K RAT IO

Ng. L. - Influeacs of M:2€ matdo an Tields of swwi= portatess

e

pH L.c
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DESCTSEON

frr. foMusran ;

1 would Ater Like to pake Br. de 1o Pene Whelhst the Retorns were peonomd: 1n
cpyR nf thaee extremely high [ewels of fertiilEacion which be popoeted 7

Mr de lz [fena

We |kave nob gone into lhe ectlomdas of thly pacticular epeTiment =lace we wers
mate Lnrereated in foodiog aul whatl were e efectd of fETLLSath b ot Uke compeeslllan
uf the rrep, and at presenl we ant eRreelisg on B cxpPRCIMEDcA 9T The Balanee ot
thage nutreents b the pRap.

Mr, Samefyy .
I wyuld TiEe o pak D, Semusts o prectiea) gquestlon pnoot cessove 1 owss b

ar-ciea Tor emme ¥e&cs whers caisava was always regarded as belng 0 vers exhavslive
prap On the ather liand 1t 9as a ¢enp Whicl wadld graw In sells whieh wooid preduane
pract lcally ol lng #lee, [ wmnder whether [ Tagt, [4 Mad Leen shewn Lhel catdaya
1= really p wers exhanstva crop nr wheiher tha legemd hee gTown wp. Becpwds |1 s
winally shown ar sasems to b= griwmlog In very #xhausted scli=

frr Sarmuels ©

1 Alsp hove seeq the Hteratorg abendant wich e fecl that aseawa L5 Bre exN ALV
znp, but If ane makes znalyees of the compositien nf ik eenis, gpd otRer Dattc of
the plenf, we Ao 1et 16 Tekes vl quite & b1 o nuickenls. bt mal mote sp iban
mainy other crapa, [ lhonk that 1t could md e conaddared as vo exhdastnes reap,

ﬂr. .?.?tn:r* .

T wawld k= o ank TDe. Samuels obaotl 1k chateeterigticd s/ the spest pHain
warisl ey, Were they Nleh folame warielle=* T matr yan gat deprection in waelds
Wik h'ﬂ'h fitregety AppbleATiE,  Whes LRe vatlefy uxed a= a Rl E0dlpEnm valrletv *

. Samuel:

T am @nlng in 43ty thix qoexllon tp 2 calbe:eer af mlera Wy, Moscpso, wha ' a2
=yl bolaly Treeder,  He miebl bapreo fu knew IF 1hl= patilenlar varlery which we
farid which wa: {he 1"PE X st the! Ame, |z ;cmaldered 1 hather Follsee vATlets In
rrlatlan to thr varieiles ercwiog hece. WMr Marrpes, 1TPE 3 . Cobre ate ihew vun-
tldared high [oBlaae weTietles *

e, MWawems

Thara weald e conpldrmed high fpllad= vArlETi®s In Palanml 1o 188 varerig: wouo
Nave here In Triwided

e, Sidrak

T 1ua{ wani to mobke a7 aherretinm on the Eabdrx which werg pofaended by 87
M= iy Fror The yraphs which he showed us Teferr @ vely inlereatizag [Earuve,

¥nr example WL the applicailon of fpur differenl nittomen levelr B3 dhe sml
1lre 1ol Blades spd prilgler reflccied these difecences al three momibs, hot falied
te de 48 &1 ninr maothe

In the caze of phoanharan, espechaliy in the oplandt exprriments, e (&0l Tehns-
phrris wag pare¥al e thal applled ta the acll at three and twelve manihs, ut very
Ntile daarenees wers ghow't af <0X Wonihd With vfaecidm Applleatiore the RIZhrst
dirteremntizt between adll trepnirents RRd el Blades ald petiaica socweerd 510 =0y
monihs

| want tn empheaige hete, thal tor phymimlnglste wige fre Lo delerpme the miesal
siatus of plants by ana fses of fcaves ond peticles, they have ra be roconul ghone 1he
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Loe, g0d (he 0r§an Lo e analysed A6 e poctirulsr time, ln grder to geb & retiegbion
¢f the Awallohle amoomt of lhe mlheral e.eeeni =hich wmight e oonokbéred e be
prosent Ln Che ool .

The problena of determining the svatlowlliy of ao elewepl Iy bofetence frem
1ltwe sralysen 49 net 20 casy an=. We bave ba Be carelyd, srid b wark ool & defindte
preprymme for every coiolr, T We wank Lo s&cure rellabe repgls.

Ar ofe Jor Perraa

L Just wane {0 thank [ Skdeak for hls wory salusbic commenls, and Lbat ks what
we gte folloelng up from this expedment, Bvapke 1 far os ac koow we dld wol hove
Ay origing! Informetion as o Che orecpodme of thls crap 40 fertiiesllon, sapeciafy with
ibe cffect of ferecllsatien o cOmPeiting

I Ehe Unlverslty. we are runnbmg cultoral rtodics ln which ¢ ane treing to
analyse ihe jaozal pinnl with the Jesves, ife pelales, and the nodes that fooo separzbely
ol dif¥ferert sLages, 30 thet we can muce or less paint o0 broad pheture of tbhe crap Itecf.

Fir Saeniereds

[ want tn add a 13Et]e pont 1o & very veluse upgestion 1hel wWas made, atd (hal
dnes mot unly cooslder 1he pudrlenl mimaTel cpqteanl and the BE= eand the parl of Lhe
plant ti ErE sprapled, bt pisp ithe malstore mootend of whatl ypu ArR AFMOULOR.

{Cur work ob gugay AT hae ARnwn (WAt the TAAIS LS akkkus o fhe Planl his AH
it perlenl bearing oh the Interpretation of Lhe levela of Usade puirlenis.  IF 70U WSE
ane nf the plant argans ox 3 guartiat:ve calibrallan of the madisture contept A the
pleot yuu may be alde Lo detect dlTeretces by relatiof This 1o pPtanl Iceah meelgbn
Thia 1% partlewacly imee Lo the rpge Oof e0tesaiam.

Pr e Grraz

What [ was thinklng of tha ramark of Fr, Sdeek 13 1kat Wb 300l compare 1bhe
respnnse of Cabpesgly 20d grass you don't compor; the spme Lhlog, Because 1be Eogil
al Lhe -durcation of ape Jeaf -An Calicddts lx very muck greater then the Iength of ame
T%al of grasE. Whan you SompRis Phe rEponae bor the grasa yau are= compariog GAMC-
ikine which :r very dlfecent.

Dr.. Belnom

1 wonld e {0 sk ATe, die L6 Pona whether he had aop reiofmll tuaures for ihe
upleod and lewlaod ecoodetjons,

Me da In Pena ;

¥eo, we hhd Tamtall figmres {0 1he ypleand, Bul we did nat bothesr oo Tecscd Lhe
lnwlond, beeowse it hed been olmea| peder eelgeeluo 1hrewmghout the Fear. aod it would
(=13 J!‘liE!l‘E:-lIuE 1 add ihet 1be calnfall m the poerdicelae phace which = TR, Was
hepelent ghant 1Re Bime of planting. and o the eze of 12 10 15 wnonlhs the rpinfall
came mack agalm, ond Juwst aboul A 1o # oidntba lbe cainfal]l was Joweet. sp lhal was
probatly une of Lhe reosona why wa kad 5 vame low ywikld In tho.updenida, The water
citppEy whe lowest wlen Lke crop probably pended 11 roosl”

Afr. Margas

I woyld hkr Lo ssk Br. de lo Mone abouc the methad of expréssing e mtcofen
anit phasphrres canlent In ite plangs. We uwsr peroenlape W Lhe l=af Aod T wakioder
wheiker 1hls 1a an sdequete method. when wao coenchdel, thal a smefl leaf from a whols
Terkilleed mr stunled planl might «=xhitd & Ngh reErcenthge of & puicent that o [erger
Terl, wnieh iz dwing W&ty mach Betler pnd grotng mvich beiler feom & weell reriliped
Plant.

Mr. de la Fera -

Well, that is wery Fde Indedd. We nave noteed 1y 1oo o other eypeTlinents
Lynl w& Rats . Buk glnee In oo partieolar Axperiment (e NULTEETTE WeTe TNl ekl
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deficlent, then we bad thip foeresse Iy QalFogen oF phodpborus and potassitm oamweml
of the leal. Bub or alsn abremvod thet whes the crop Is growiog tn 0 veTy proc said,
Lo 11 juel frowa (o a certodn point, §od ptepe o1 thet size, 0 0 MELLEILs JUEE aboot
the normal eoloebiration of the nutdent. This Is oon af tho thinga (Bab we heve to
lonk Bt Whin ustog perceotage basls foT Forecubaling FertIlier Drogramboes.

Thal ke ore reanon why aame invastlfatocs sugeeat tAking the tolal ootrbent cgn-
imnl In (e plagt ibsesd of jost ©h persenlage.

Dr. Samuels -

Again [ w=ruld ke 0 sorwer Uk from the phy#oligicat Blandpdnl,. We who
bawve been studring foltor dlafFoosile 1echTil<eliss Wilh mamky 2P IBCIOIOE gU7R- Chrk
dhd i"‘lI'IEE.THﬂEB. are awars tha R HmATL plAant may oW BT ACCINMWIEEGn PercEgas of
tnan? Farinre and theenfore artully hesa o high nomrieat contenl. We aremmame 1HI4
by waing whel we call @ vegetailve Ind=x. In supec rane vwe 13sually obtaln the= goawlh
pr vegetadue (Bde¥ by wetZhing? Phe sheabh of tBe plasl cach Fhime we ddmpla. 3o we
grt & progriaglve pleture af what's going on. In pircapple we dn Lhe same Falng by
wrighlng laawes, | think that it would be 2 ¥odd sogpestion fur thidee of s ¥lo ame
going Lo starl workdng la roMl erops to alao considec Lhls 1des.  Bury, you owat remem-
T “har the weighl must be considered Tor the mctr] plant p R waTEOME wilh et
thei time. ¥ou connol crmpare welghl of Leaves, ete. ftom ooe wArtety with anolher
Of |nane CIrcnpsla e o anotheT I I8 & profmesdive piciure of ‘'what is Zong oo In
ihoi plant in thel pardenler cxpecmantal Aald

Py de G

T wowld Toe to sk BIr. de e Peno if he hinks (1 woud] M e ¥l io SresUng
19 hawe A chorter jrlerval betoecn *he obsetyation of the geowtn of the phast

Mr. el fa Pernr .

Thenk riou for 13 svggeation. Ax & tnetler of fa=t, we have gtorigd this oo sand
ruliure We were todng lo teke plant samples for gnelvsiE everr opel, zid We ATE
rng bo Ared e bhresXing poioi, becsuse we ore olso workine woih deflclemy syYmp-
trmg and we are toying 0 Hod the copcentration cinicofeo, for xample, Ly Le Jesf
tf ki the Wwhole pliot when e s'ciptoms just sierl to show. So we ate lso ool
samethiag onm this,
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THE INFLUERCE OF NTFK LEVELS ON THE GROWTI AND TUBER
DEYELOFPMENT OF CAShAYA I TANKS]

Amaold Keochmal2  and  George Semuels2

TR TRONUICTINN

Methods weed in prowimg cissicein (A aerifor eocederta Crengz] are undergoing
changes as the crop shifrs Mrom g backyaed garden cullure o a large scale managed
cop Varking amoanis of nechanizanan  (Kiecehmal 1906G) ace beine adopterd
ard in Braal uped Mexico feclilicers are in ose.

Tn date, Title inlesanaiion s avslahle s i The minetal noldtion eguire-
ooents of this plank. Malavalta e ai. {19557 carmied aut 3 study in sand coliuce o
find the effcsts of MM gp the yields aad cocnpogition of the roos. Krachngl
e, al. {1955 glse worked in smd <ultare to {1|t'.5-4.'nb-c The wisille zvmpbisme of
rrapor, scoondary, and mipor elements deficiencies in cwhsaen  loawes and o
corcelate these with cheoucal analyses of the lcaves, potoles, and stems of planc-
under complets and deficaent Treatments,

This rgpunt gomcerns autrient solucon unk codies o determine the efecrs
of varysng levels of WNPK on productien ol tubces angd tops, o oway condocied
wnder the Virgin Istands Agnculimce Fropram, of the L) S Department of Agri-
gultatre in Cosoperaiion with Hamvey Aluminum, Tomance, Cualifomia.

PROETHIRE

Thres & mch culliugs of “Foawl F:L‘t'l L :.'t”ﬂ'.l.- Aezxhegl LARSAKD, Wity 5;!|.'|:r|r|.'4_1
it dargs conorets condwits gach 4 Feet deep axl 14 inches W diameter.

Euch conunit was paitted an ahe engide with 2 miviere of 2lamipum paing
and asphalt, and each 5ad 2 17 drm pape in the bBottom.  Theee cobic yards of
Mo perlile was uscd per contidner.

Experimental dhesign was @ random Block of ¥ reatments and 2 eeplicaces per
treatrent grovwn i [ull sunlight. After & woeks the miosd vigorauws plant was kopl
in each conduit aocd the 2 odbers were clinenated.  Raapwaler was psed in pire-
partng Hoaglimd™s Muedited nolriear solufions Clable Ly beeause seficiea
cistilled warer was not available.

Fach container recetved 2% lim of nuoideol soblulicn badice & weel: as
plants grow addiional water was added as meeded.

This wurk war eaTTied o yeder berma of o Cu-aperotive ARCALIMENL beiween
Harwcy Algminum. Torranee, {allfornls snd & H.S . US DA,

Tiujert, Leader, Tirnbor Helslad Troaps,  Beseas Furest Researen Leqter. ol lh-
ensterr Faresd  Exporiment Satian, 0.5 Farcet Seewler.  Berea, Henterky
‘Formierly Itesearch Bolanisl and Astiscani in Chasge, ¥Irgia Telands Agcicultwreal
Frogrem, A K.5.. 1L.5.71 &)

AEMMOmIal, AgEricdliure] EXporiment Stalken. Dadverally o Foerne Rlege o
PHedres, Prerie Fleo



]I — g ROGT CEOPS 57 MPOSIDAM

Measurements of tuber number, wber weight, dop heght amd wop wesgls
wele miade iw My, 1996, a1 harvest TImonths alter siar.

AESOLTS
Pl grove wider high p]_mthal.: srduticn averiped 9 inches W3lker thao low
F planiz. Ciher €lements failel 1o show any consistant cffect oo heigh.
[Tabhle 2)

Fable {, Nutriens levels wved in The caiyava experimens

Treaimont Mutrient icwel it pars per million

~ P K identificaticn M P X
high high hgh H H H 240 2d¢t 140
high high loor H H L gl 1) 240 40
hiph ke high H L H 240 403 240
high Ilpw o n L L oL | 40 &)
mw  high  high . H 11 40k 2} 24(]
lew high i L. H 1 44] 40 )
'ww  Jow  high L 1. H 40 44 240
e iggw o L. . L A{F dfl 40
Toor

The highest weipht sicld of tops i pgrimis per plarl was obtained with te
HLH% treanncn aned she Iowest was found with the LLH treatmend, sugpcsting
thet preater 1op proweh was ossociated with high N levels.  Thas has beeo ecporled
for cassavn (Malwenha e al P955), sween pogioes (Landray & Samuzls 1951
andd Suine 1953), and sugdr beets {Mallen ot al 1963). However, the weod wids
et W sbiomg, Top all high ™ vs Jow M rcaments since the average inciCase win
nnly 11 {Tahfc T1T}.

Fudreri

Phousphorus was mecessary foc good tiber productin. Averaming the yimioo:
I vwezrmems, we fAnd fhat hogh Poover low Pogave a3 935 imcrease in yicld
(Table 1. o oowdy cose Lrcanmcod, HHH, did the cazssava Linl w orespapd, The
sesponee of cossava b P ohos been repemald by Malvodta of @f (1955} a0 zand
colture and Normanha and Seares Pereira (1949 in soilk 0 Brazi. Poas
wisaniniad for the phosphorglation process in the cnrymatic syothesiz of sarchy
reesTves Ln cascavd luhers (hfalavolta ol al 1955].

Prxucnon of wibers was severcly cortailed with several drealments {Vaklc
1T . 3o tobers were Fepmed wirle HLL reatmeent and Rew with HFIEL

1
Tir gasr 0 presenianan 'kp Rbhreyiadinge peed 110 Tabklcs 1 and 2 will be rsed In b
kewt ol this erkicle, -
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Fahie £f,  fnflience of warying N-P-K lreels on ke weighr of castava tops and
Iebers, frech weigh batiy

Height Total weighl Avcrage Top: tuber
a per per pot weighl weight
Ticarmetils lant, Tops Tubers par h
~ F K m T fubes raLic
o
H H H 10,1 168 30 an 5.6
H H L 129.5 645 550 241 1.2
I LC H 127 .4 16HH) 574 395 L.R
(T L L Q. 5 423 L) (1 a
L H H 114 3 54 574 (K2 L.O
L H L fad E 2302 QIR 305 04
t. 1. H o6 5 32 136 L34 2.2
L L I 1092 6ok 155 L35 1.8
Least sigribcant diffcroncos
A-poTeent Py L a7
1 epereci q44 H44 547

n
L law EI high

N
Tutere 1 Tar ol welghnl pet pok

Tabie I, Peroowt change i pield due ro rreasment fevels of murrigns (NFE) on

cafiel vd
TrcaLment Toral weight per pot Avcripe weight per plant
high vs Jow =2 &
Tups Tubcts Tops 1 ubers
a

MltTapen +1]1 = +4 —|H
[*regphinTiLe Ly +43 +310 #12
Patassiom -12 1% -11 +7

A
Marda aigh Indicales low auty.eided high ireaiment level; plus suen Indlrpieys higlh
anLy lelded low troopiment.

Aside Trom a definne amt significant influcnee of P, ahe mage effesis m
tuhier wizlds were brousht about by combivalions snd inter-acticons of WP, FK.
and MPE. For vxpmple, in the presence of high N oand lew B, high K Tevel pave
a sigmificant yicld increwee of wenght of tobers over the lw K lowel (Table T3
However, hipgh K did oo effect tuber weight if N levels were lowered or P
l2vels 1aised.
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The N ceffegt was the reverse of the B A& TV yigld reduction was motcd
with high N compored do v,

Many mescarchers s cepopted hoivy wp growih ond  kewvered root and
tuber crop vields in pounds per pore associated with bigh M. Increased N levels
result in carbahydraecs combining 4o forn profcinaceoos materials [eops) rather
Than pealyanerizeng oo fonn starcls (lubkers aod roots],

The raming of K froan bwr i boph levels produced an awerage deercase m
top anel tuber weight por pot awd 8 7% ncezase n the ayerapgs waight ger plang
[(Table II]). Ths i condradiclory to the finding of many workers who Tepoit
significant ront and tuber yield recponscs to potash ferilizer applhicalion (lgnatwe{d
& Pape 19621 Malavahy er, ol (1903)  alsy wgng sand  culture wchagues,
obained moch Iess marked rosponse 0 K than to 1" apd M. Mogmanha ang
Saarce Pereira € L1949 working in sedls in the state of Sen Faulo in Branl ialed
w1 ntHain any sipskfcant tober yvield respanse o potash femitizers for hacveais o
% monih ofd cassavie and a negative respomse fop 19 meadh ol wkeos. ANbougl
we ars awars of the oscential need for K oin the franclecation of carbohyilrates,
the leowe K lewels in this =xperiment werc wppecently sufficienl for mood twber
procluction a5 o asured by weight of tuber prodoced per plunc.

The average weight per tuber fellowed the same Trends in Tesponse te Loeat-
mets as alal weight of wheas per pat (Table Iy, The & efeoy showed an average
Ueeeeose of 20 grams per tuber with nercasing N kvels. The P and K effects
gavee jnpreaces of 20 and L3 prams pespectively, for ncreasoing Poand K deval.
frowm o 160 [nighs,

AT

The sclaticuship briwern plants top gnd fuber weipht 5 always of inlecest
ciugsied presducers when relaing response 10 fedilizors. A low tep. sthee weigh
ratin is desired for pesalection af gebers; a high racie woull iodicate poor tuber
production dospie an abundant growth of waves and stems,

The produczice vE tubers wds icveescly solagd o i 30pe 1aber agishl ritic
[Gg 13 A decrepse inodop: buber radio w approximately 121 zppears 1o be relared
e lugh tubgr weigl production in this experiment.

CLhisAY
Carsavne grown an autricnt solutron iank studies wids varows combinadios
of NFK a1 low anil high lewcls Indicaded the following.

1. Cnly high P inzicazed plant height.

2 Frowiugtion of iops 35 gfplant wes fuvored by high M level: and reduced
with high K levels.

Mo febers were formed with high ™ aaal lowe PR levals
Incocaging N levels reduced tuber prowth by 7O0%.

The mapw cflect oo dober wields wis doe tooincredsing P olevels that
roised prodvstion 935,

Hich K levels did not Faver tuber presduston.

Cireatesl twber production was associared with 1.1 top 10 fubee ratic
ard A high P ievsd

LI T P

-l
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CHEMITAL AS5AY OF THE ANTHM Y AN PIGMENTS LN SWEETPFOTATD
— by —

C. E. Scaforth
Errivarsity of the Went Indics, Trintdod.

Cole & wvory limited amount of informativn is availeble on the chemical
compesition of e sweclpoiato, fpomoda barauestl]). Mg anthocyanin pigments
have only rocently been idenmified as acwWsled glvcasides of ¢yanidin and peonidm,
23 ened snane gonelalion slodies have besn carmied oul in connection  wagde the
svmhyses of gaemepgids and of anthocyaning in he stema and tuberoos poors of
the swestpargio 132,

The breeding of sweeipinaiocg a0 the Tlaiversioy in Trinidad takes Lot
account 1the need 1o ehimingts @ toodt which produces porple mollés in the Resh of
the lub=gouy swols. The pigmenes concerned are the sap soluble aotheeyaning
which, in comparisen with the arange eoloured caroteaowds, hieve been liole stadicd
guantitatively in ihe sweetpotalo,  In guantitetive wotk, soy visual assesement of
colour imensity suffors fmom the defect koown as lhe “human elewent” See anly
crijor dilersages in pueple eolour mensacy acg likely w be detected visually in the
Aceh af any group of freshly-vnt mbepous cots, a5 W e sweotpalo, wheres the
backeround may vary {rom cream to yohlowassh orange.  Oiher sipgniBeans erroms
gre hkely Ig arisc in g method which replaces 1the human eye with 8 colonmeter,
like the Huenier ciforoaeteridy, 10 measore diresdy the intensily of the pucple fecks
a8t o surface.

In thiz comesunicarion, & morc objective methid u desmbed {or rewinely
asscssing the potple pigmend concenlration in the Mesh of sweelpvato tubcrogs
s, The muthcd proposzd should lelp the geneticist to follow the accuerence
of the previously meotivned undesirable traiv in e swoenparan, The method
iequines @ plotacfectrie coloricieter 1o deternune the inlensity of purple ¢oloor
# standlard poluascnn extract of the plapl nssue. A ooitable colopomeler using an
Hierd spectoumn Bleer is the BEL Punable Colorimeier (oveufaciured o gise an
pceurecy of aboul two perceni by Evan: Eletroselepaom Lid., Esscx, Eagland).

A wholfe sweelpotany tobepnuy rool typical of the coltiver gisder test was
sliced in Lhe directicm of ils growth 50 as to provide o central section are-gight
inch in shicknzsi.  Thizs soction was copswlered Lo B2 3 reasonably gond sample
oF 1he ol with respeer v 2 angthogvanin conteot.  The poalcem wreas were re-
maved {rem this section, and then it was Gnely chopped. A ten pram subsample of
Aezh malerial wive thus collected and len ta stand in the dark ovemight, sioppered
im & jar containing L3 ml one pxr cenl agieeus hydrochlagig acid sulution. This
gxltaglian process was foukd to be efficient, and the bsorbance of the filtrate
deraviad was eisily measuted direclly against a blank oF ons pereent squecus hdro-
chledc aced, wsing a suitabls filer on the FEL wilonmeter ¢ Ses Table 1}, The
filtrote fave a maximum n=ec 525 om {See Fig. 11, so the green filer Noo 674wy
faunad 1he st apprnpriate fuc thee colotmenric wmethogd,

Absorbance readings hipher lhan 0 10 orits wers found to be associated
only with solutions which were wisibly pink inzide the one-cemtimetre diamence
alats celb wsed n the colenmeter. Cultivar C% provided an anthocyan-free extrag
{502 Table 1) and consequently & mere desicoble eolnmimele; blank.
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The methaod was extended for preliminary s{ody of the vamation of ancho-
cyanm pigment along the stons of a culliver swhjected o2 range of growing con-
elinang.

Table f
Roars of Culidvar "EES, Abvtarbatice fLHLE)] 4+ QLS
) a.10
13/56,% 2.30
1336712 4.70
[h 1. 11
a6 0,10

The Wwheraws soots concained 70 — B3R mostere.

In this vime, tle Eicshey haevesded sloms (muiows Feaves ] were chopped wa
reo-mnch seclions ol o pgmber ol destanees easuns] Teom sheir ﬂ-f':"""i"'f'-'. ;'.r:liul-\..
The aveadape eross-scetienal diameier ef cach Pweeiich <1omosectinm wis muser)
walh o moeruncienr sercw-guaps, aod the lenmhb of cach stern sectwn sas quackly
coduced eopive el segtion the same wieal ougs [eoaved ) sorface arca, Fogh
cockinn wos .Ehl,!ﬂ |:|-\_'-:|_'|iI|'||.-.dI ard 1he :|n[|"|l.'tl:!.'.'|:|lin-fr-;"|: ]_'Iill'l weasy desrBrded. he owics
sesichual straps from sinikucly kot seezions of tea stems {rom cach agrondrne:
teaibieal were combein:d, il czcl vorpbined for s Tefl e stand 10 Lhe dicck oreer-
rigil, sbhaprpeccd in 2 e coniaening 23 el of ane porcene hvdrochlane acid oo oyl
seohel. T lis cxnoaclion process wis fownd e be effeciend and provided a alsule
whash givar 2 masingm near 525 am. (e Fig 1), 52 the preen filter Noo 604
wils weecd, with Lhe acid c alonholic sofution os the Dlank, i e EEL colacimeeric
culnratian 0F Lthe coloue amessdny of The GHrote.

Soune pesufty wrz shovwn in Lable 2 (ond Erpire 20 Tor 2w cullavsers D44 ap)
AR Tae soenes of O3 <how po o spsible sign ool pirk snlthocssinin-teps premenu-
D, bt the stomes of A13E arg mainly purpie caleered 10 dhe eye. The anggho)
described etz thar the .;||:|I|1|.|C'_-.u|11r| coeliel s diel sorface ares of the 2lem
ol culziver ALIR (ol anys lesdtpm up b adbaenl three feel awiy [roum st geowing
il 3 depemled oo e conditivns of il prewth, When gnowlh was encuapal,
h:,.' th ::Fp“n:':lli-::ln rl mite LI LU Termibiseny e Al .:!RI the tabe <l nergase o] wnthee-
CRRT COnBTE WS 5.||:lpn'5.'-.{‘d :'|I||||J__r. g skcinm

i bkedy i arthucyann symihesic i gonetically onnieelled £3], sven
crough alie actual Formatem [B) 0f gaibnewsnn pigments may be dependend on
cavignnenlal ard co'tural Eacturs The produclion of xnthoe yaries and ather
Nlownend connprinnds (51 seems bx depond an th availahilicy o cineemic aogs
and ofher phenglprapang comgpment, (See Fige 3 Sdiss corrclatng antho-
cydnn candenl with thal of cerin biogenclically rela®ed compoands jn 1he saeer.
patae might Thaow soms light on Lhe nalute of Lhe iolernzdigte sehyiaege:
prodaced byopants duing the Torrmaciom of antficyaming irem phenylpropane
ciapsaunds.

A cknawledenie kg

Plarml matcriel o wir- kinl,“:,' Tarmished b:-!,- the  Facd l.'_'.“rn:pps. Seelian oo ihe
Creverspy m Teinidad.,  The awd'ar tharky Mre LRI Willongs and D, . Spence
of tha Schiesl of Agncaliuee of this Lniversily. for many discussions and their con-
lraee] ieLenesk.
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Tulle 2
Callivar - Trealmeot  Diameter in om. Abcorbaoce units/uoit arca ot Jocations
of o stem shown measured from growing poirt
Mirzugen Lactons in nches

and
Haking Youngest Oldest P AN TSI L R AR T L T

ALSE N3 & T 4137 2.3 5.2 T2 o.0 6.7
Al3R H:5: .37 4 .11 1.5 6.4 fh. 8 &0 3.0
ALSE anl 4 .00 4 24 1.8 5.2 A% 4.9 5.5
AlLSE NIS. L ) I b4 0.7 2.1 1.6 3.4
Qs N151 4 .35 5.50 L.3 1.0 1.1 1.1 —
MY Nn':'ﬂ 4,35 4 2 0.4 1.0 1.1 1.t —

Hl} - Conwee] (Mo sidnopgen applied)

5 — LControl INo staking weatment )
[}

N - Nitrogen applicd af fixesd lewel,
1

5 - GSraking weatment applied,
1
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Sugge Supgrsted Hiogenetic Schemes far Pigment formaticn o he SWEEmaiao
Cf. Rel. 6. Dardu (1963]
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Or. Carr ;

{ wnuld ke 10 make & cofifmenl @hn D, Seaforih™s paper ofl Rie qweihng i aosbyris
tar aolBceyonin. 1 aBgervaed thep the ahsorpdinm ok 43 mue I8 Tether small and § thoak
titla iz very forianate. Tn Aralrses that I have carrled pul, lhe ab:urpliun &1 493 b
waa tremeodons compared wille the anthecvamin sl and o= Had 1o *Lminate the
interlerence efect duee W that Havatold tnalecied 41 5 mue by Flegsir| g Ehe Redght
#! the enpthosyanlm pesk Aowve Fha base leve]l abown by lha dotked Boe thefs. L Joul
intrngd to uwe o coloorlens vecliely a3 your sleodacd, vou would howe o B2 cocetwl
thal o ather Agvobold 18 bEing <Jevelppsed By Yol trestmenis Infeelpcing & JaTge
abeasplion st 445 pow whieh wonld inlerfers with the enchocyanin  comcentratipn
readings. And the srcond point I owopld ke to make |3 xbpnt tho eclstiopshin of
tudar o anthacyvanins. Dt SHrak, o T.cht Bot have nowo aboo! 1bks vébyr rectnd
wiolk A CiTnell TInlversily. Fe whrep able to 104 wbe wely DIER lewsCs Of tupar
Icawen by erpoRnre Bn lnwe tempreatncea wlthout prodweing any pnthocyanin,  bul
mmedlalely ollrogen defclescy woa jaitiated 1y witbfholdlog nitrogen f0m gur saod
AEre B3 oRe e 20% tremandoud Améuols of dothoeronld.

. Sidrak ;

1 woild like tn psk IFe. Secfprth » ouestion sbeut the opthocvaoim profiaction
In rha swar peleio, and that 1s L 2 owewn T4t sbd thls Is work of Teeman seme
yeors ogo abeoot IBARE—I1950, 34 that 1Be Afmawnl of anilicev ARl allbough Lb L afested
vr canlrolled eeoebleally. wet I s affecied by the acceemeslablon of ceThoBydrate dn
mertipular, sucrase.  Thewr have chowm that experimentally, end heppr naw 1 =auln
Ile= Just W ask it because of lhe cedudts hers, whers we bave got the lepves glving
nilreg®t, L amsient af anfIcuR plhg wrTe donrespd betydte of the usa of cario.
hydracea |0 the make pyp of the Ditrogemagy compewnds as el @ an Wlloog=o i3 availabde,
1 wnuld hike toc osk DT Seaforth IF Be bhas trl=d tn delarmins the Bercess &nntagk of
lhwae pdatrls which bave goon farZe Aumgunis of antiocyacle pradweciian

D Seaforrh
Ha, T have ook

Or. Seaforth ;

A ¥l referclog to flguee L.

Iir + Cﬂl'-lr B
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Dr. Xeaforth -

el Lgure 1 sbown thel the $43 mie pealk 13 asiociated wiih Bn alcobolle =ctcaet
amd thls 1g why, mhen o0 read the paper vrobably p hit mome apmeTy, Fou wAll aee
that the metbod psaociated for catimedon of aothocyanlo jo [obers (3 one wlng o
ageaud, ot mlegholie snlvent  The aleohol dlsotwes fisvoboldy and remotomoids. The
oS iy preak i3 pazosiated with the camoteoold reglon. the chiorofdest soriof plgment.
Hrtween 5= 550 i Deal B plways pasDeldied wWIEL the AnlhOocvAT(G #oTt 30 Bhat
even (AU B curvap sppear & Agurs ) aolf tom ore applicsble {6 the bubecsn Eoot
amd!j,ﬂ; thurd ooe iIs applicable dlrecily o the siewo stpdy ecause Ehe Ogurs ARYE
10 pl= .

g uetd the aqpueous OCL extrect, 141 angd tha shearpton In 1B -3 mu
reRioo o Lhe aguedus exibacet woas wery bigh for the otbteris] et we gpst. 10l
wan with extracts of lesves, W may be dhal the eweek potelo does not poapeas bhese

aiker flovonold compounds, Heve you found remendous amonnis of other Sawonold
comgolidd B i meet potato materisl 7

0. Seaforth

There ape gther Qaronodds, the Tsuknanthecyanis aod the JIKe, Dot ey sbould
nok affect the-dgd millin regden ot g1l The 440 i ssacoloted with pollaor pnd crangs
tolpurs te the niaked eye snd therefme you must hove § wrter seluble cerotenald thern
g well [ EBe g3t DolAbs po AP, Bome of thede carabedolds ace waler soluble.
When 1 gay waler eciubie | mesmn they would o JEFFIVe 10 waker ander osobd cone
fltinna. ¥ou negd sn sleobolie or coloble solvent mact of thing to exteast (lew bhey
a1 chlocoplast

L. Carr:

I wan Islking abioot walow weiler acloble fAawindoid compopndy, nol Carmiencld
pompounds, criracted in § 1 N oquecus HOL.

Dr. Soafewrk

well eny Aavenoid oooponsds are suppascd Lo absorb manly O tEev mre .
mented ang they see fipvoopkd, They are tbppased tn ghaorh in :L =04 T:rylu mﬁlnfn
rilber than gt 440 plus. 1 would Jike [ Eoow what they are, clemlcably ppeoking I
meen, e all Lbe Bavooeld zhegrpHon pesls ate wasowlpted wilh the plenoile
chrognophorst which are e1iber b (he ZB0 UMy pogion, which @ el vldbla ar the
353 reglon which, ax 1 snid, {3 sppoclated with favones, Asvonocos, fiavonensls and the
(i, gnd et there In 8 Jjwop, thers [ wibibg In the M0 reglon normelly, execpt
Fay gt m carvetolbd abd a blp jump Indo the 520 reglon. TheTe irg walsr Bilubla
caroteoolds. 1 would lige 0 have & ook ot thab agein

M. MacDoqald -

E ownuld lke to oroeks § comnedt oo this purple modtling I spEg ar.
¥ DiCurs i
Ufands with the sweet poabo deediitgs but yor might ba iotetested t0 know that
in most capeE 11 18 aAssedated wlth maeuee tobeo g Ugaoda, apd lbe charsouetlsile

dizopoeacs In the melure fubere ol barvegt, Omly in § ™Ty 260 of the amedl
¥ou Bid Matpke moiling o matuee lubes REE Wil
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THE 1I5E OF PHYSIQOLOGICAL STUDIES IN  THE AGROMOMY
OF ROOT CROMS

P.H. Haynes, F. A, Spence aod C, J. Walter.
Uiversiry f rthe Wasr Trelfes, — S Aepulrpine.

In the patt it haa Becn cusiomary to regard crop production largeiy 29 3
rechnology. Eforts went concentrated on the sctual detaifs of Geld practice, such
as swed el fertilizer rates, plantog dares and ey prrotecuion techinbopy in relation
i yichls. Funhecmors, mioch of Ghis practice was arbitranly dewemmiwd ar
adopted because of traditton, The problems that frequeody anse by such an
emzpirtcal approach may be latraed By relecence W nittogeo ferulizer application
10 sereet potatees.  The lngraiure on this subject indicares copflicting mesulta in the
ananipty al relating nibmgen application to yeld  (Stiuckey 1914, Fimmerley 1929
and 1934, Lronard wd Andevson 1947, Johnson and Ware 1943, Landraw and
Barmuels 1951 and Siipoe and Eashin 1962). A will be discussed Jadgr in this
paper, detoiled sludy of gowth and develepment ellows these cooflicling resuliy
1 b pesolved [Walier 1964).

Thus agrooomy iE now seen a5 2 complex of inter-relationships of a sysiem
made up of the plant, the sol aod e atmosphere. Tor 2 proper unde rstanding
of thia ayslem it mast be slwdied systematically, throwgh the growth cyele of Lhe
plaot. This approach 5 waeful g ideoditying the basle physiological processes
determining yield In crops and 8t the sames §ime ¢oables an Lutcgranes] vicw 10 be
Laken of the mrowth of the plant which B on the cue haod vndemstanduble 10 1he
phyziologial and bicchemist in their concem with the changes in retes of procrues,
pattzme of moetebolitm and influence of growth regularors, aned o the ather hand
thls dynamic approach is meaningfal 1o the soil scieOstand te microneien relogia
In their study of eoviconmerl influenees un crop growth.,  This dywanvie approach
docs no neglest agronomic lechnology but allowes its asséssment on & morg funda.
mental basic. Thus planting dessitees, potentie] for response to feetihier ang
other agromormic perametem ere studied as théy melate w goowth and Jevelopmoent
throughowt the full grvwdh eycle. Sodies of this nature have been cerried out on
many temperale <rops, byt information on tropiss] crops i$ searce.

In most of the studies discussed in this paper, grewth analvsis, that is the
detigmation of dry matter changes of componenit plant parts in relailon o kaf area,
4 used to describe the growth asd development of the crops.  In dw2e grosath
anrlysis ftudiss the crop syslem is considersd in terme of the quantity of the
photraymthetic syrtem present aod in teoms of the efficisancy of this syatem.  The
quantity of the photosynthetle aysiemy @ here taken tn be nepresented by the Teal
atea af the crop, measered a5 eal area index, L., the area of leaf per vail area of
pround, and the leaf arsa durition, TF, that is the integration of L with time, The
cffickency of the sysieen 43 pcesurcd an the New Aczsinjlation Bale — E, that i the
rale of dry matter produclion per unit area of leaf.

The telatian betwesn L oand £ hove been discussed by Wetson (1952). In
this paper cur cooeem ie primardy with the influense of Jeaf area development on
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yizhd. Chur studies with topical root crops have so far confiemed the view that L
hag the greacer wmfucnce o yeld and is of preaier comcero @ the aprooomist than
E #in¢e it 5 more cosily Allered by field practics. The ready responss of [t such
factors ac raiofall 2Rd Bacrogen ferilizer are indicihicoes of the casc with which
chanpes in L may be achieved. Changes in L oaré non a5y 40 control and their
cfects oo yield vary with the system of cultivatiom.

The bagic growth petterns {as Far s these are nown} of pams { Dioocorsg
atara}, swesl potatoet (fpowpoea bararas}, tubeessum polaioes (Salaswrr fubero-
surr) i the lowland tropics, are described and this Enowledpe is digcusied in
relation to forroulation of agronomic practics.  Reference is Alsp giade 10 tanmia,
I X chefotome .;..:_g.l'én';l'ﬂf.l'um.j

GEOWT ANl DEYELOFHENT FATTEAMF SBLECIED ROUT CROPS AND S0ME
ACRONOM I TMPLIECATTONS

Fame

Cf the many yemg grown for food in he bropice atudies of this crop  at the
University of the West Indica have been limited to the “White Lisbon™ cultivar of
Dicscorss alaw. The carliest eccount of oowll and decelopment studies wath
this coop was that of Fames (19333, Troahig siudy observatzons were mestreciad 1o
ik supd tubser development and [ittle daka wes collected on feaf and stem develop-
ment. It wes obesrved that inilial root development was supechcial, being con-
fined to the upper d s, of the soal. I was aloo shown that Bbrows mat develop-
ment seached a peak in the fourth month afer planting, end  that seoesence of
these mots hed commeenced by the fifth month.  These olservations potnted 1o Lhe
poagitality of damege due 10 nechanical wesding dusing early prowth of the crop,
amd (o a reduced potentiz]l for absorption of outriénts after the Efth month af
growth.

Yam bers show o cepular sequenc: of dormancy and prowsh, Tk
ke renain dormant for 3= mopihs, depending on the culivar, and growth Laails
for 8 or mome months,  Tha saquencs of prowth and dormaney leads to periods
of availabiity and shoriage. In a senes of inwcatigatsond on the mechanism of dor-
mancy, Campbell & al. (19627 shawed that sprouting of yaws wag related 1o the
lewel of glutathsane preacnt in the tuber. [t wes Further showal 1thae the gittatbjeme
Ievel could Be increated by treatment of yam fubers with Z—chlor-cthanal.  Thia
ireatment permitted sproating of yEma o commence amd énabled vams W be
planted a3 cardy 83 March. 1t then became possible for the trends @ growth 1o
be Folbawed for swcoessive monthly plontings starting in March end ending in June.
Suwch & stedy was reported by these workers bul po Jdry mattér measorements
or leaf aresa were determined and only fresh weight measureements were fecorded
for coudts, shoots amd tubers, The gowth amd development patterms for this crop
al the diflereol planting dales were based on  theas fresh weight measnre-
menta  (Fig 1}. These curves showed little difference in charzeter with month of
planting, and indicated thit the production of yama could be staggered i the crap
was planied on difcrenl detea. The peak development of roons rved by James
f1%53) wns conbirmed, and it wa noled that shoots etteined meximom develap-
ment gtx months afftér plantmg theceafter showing 8 Jecline. Rapid tuber develop-
ment commenced nbout  Bive monthe after planting in all cates except for those
planted at pomal date (mid-Mayj, in which cise mpid developiient started im
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tuc fourth month (Fig 2). Maximum fresh weight increase was anzined by the
cighth month in every case, By the ninth month (the crop had maoced. In the same
series costeng erials on the out of senson produwetion of pang was pttempled (Heo-
A-Shu 1958} by bréaking dormancy with Z-chlor-ethanol treatmeol and growiog
the crop wilh imagation. Kecently commercial scale ouwr of seaon prodiction hes
beeeo carried owt with & good meiswee of swoceas [(Haynes and Thovaas L1967 ).

Using the date collected by Tenbz (1958}, Campbell ar of.  [1962)
suppested il nitrugen fertlizer cueld be more ellective if »pplied 3 months aftcr
planting.  Thiy was sobsequently confinned by Chapman (2958 a) whe showsd
that nidragen applied (hreee months efter planting gave a greater nereasy o [ angd
in yeld than in those cases whers apphealion occurred gt plantang. It wes cup-
gested thay siwce planong was cartied oot jmmediaiely befure the onset of heavy
ran there was a strong likclihoed of losses of nilcogen dug tor leachusg aod o any
cast there may be a sufficiency of nitrogen in 1the sea| dus to dry sepson maneraliso-
tiis (Bircly 1060}, On the other hand a delay im application of nitrogen Beyomd
five months is onlikely 1o lead o i eficient wtib2ation by the planl since mooes
beghe o decline alwoul thia time.

In Trinidagd yam vines are grown on supporis. This s wdicanve of 1he
respeinse (o ketrer foliage display in this crop. The inerease in picld duc 10 staking
eof yams is well koown {Burkhill 1924, Wood 1933, Campbadl and Gooding 1962,
and Ceay %625, It is, however, only socently thar g study of she leal anea and
vicld cefattonships of yams zrown with stekes hove bezn described her= (Chapman
19A5 a} {(Fig 3). This desenption is bowever general and the differences besween
s1akiog and nitrogen treatments aré ool shown. Lo this study (Chapman L5$65a)
it was obseoved that plapts grown o Tong elakes gawe higher yiclds than those
prown on shord stakes.  Differences in beal durdion were noted beraeen yams
growm oo 3 fr. amd on @ It skakes, hut ihese diferences were oot slatisnicaiby
significant, A further investigation of leye$l of mitrepen and $aking confirmed the
effect of increesed yikld dus 10 slaking and soggesied that swakes ¢phaoccd fla
effect of nitrogen application.

In s Teawerver felt ihat & com prehensive siody of growih and development of
yami is still ooeded, such studiea are in progress in Guadgloeps { f. Degras, this
Swvmposium ) and in Barbados {Giooding and Hoad [966]. B is hoped dhan foom
these studics 8 bedter ondersianding of the l=if areddyield relzbonthips il emerae.

Eweed Porroes

In attempts 10 charagierise leal arca deweloproent in swest potatoes the
dependence of [eal arca on cnviconmental and management conditions hecomes
clear,  Such [acLors es oitrogep ferdilirer Tewvel, provelon of suppons (sraking)
and spacing, alier the leaf area development curve and infuence yield. The avail-
able evidenca suprests that 1there 15 an oplimuen curve oF Yeal arca development
with which mazimum vieht is related.  This Typothess dis oo deny the infleence
of leal display oo wicld oor that E may vary with coltivar or fernilizer Jewsi.
It is contended, bowever, that the differcncs in wield dus to J=af display and
E are amall, relative 10 the «Bects on vield due to lesf arta development. §1 w
a0 comtoaded that fertilizer Orediment and <ather sigrunumic practice ars only
capable of influensing vkl within the linits detcenuined by the leaf area come
Rosed on these assumptions our mecent work has beea concemed wilth warving L
pnd relating yield do these varistions, This type of andlysis has been tnade sacy.
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by the avpilabitity of & range of cultivars with differing values of L. [t wag thers.
fore possible 10 sebect oo the one band & cultivar with relatively low L but possess-
ing high tuber yield such sa 9, and oo the obey a cultivar waly high valeeg for L
and high comeergial yicld 040 By varying the levels of cawrogen fertiliser an m-
creasing range of leafl area valuea for both culidvars was achicved and the resuling
dry matter aocumulativin Ceni Whiese leal wred valwed assedacd (Walter 19661, The
reaponaey e O gmd 120 lbs of nittopen per acre are showo for 049 and C9 an
Figures 4 and 3,

It is inkeresting W mate the similarity between the leaf acza index curve for
0O oat 120 by, nitrogen per scee and thed of 04% withooy nityopen,  This 15 in
conlrast to the curve for CF withowt nittogen which preducss low L and low yield
and the curve for (4% and 1) (b2, nitrogen per acee which produces excessiee L
and a low yield #hen barcesied ab the nummal 1me Foc e commercial crop al 4
moothe. The response of 049 suth high nilmogen deszrves further eomment.

The curves for tober dry weight with (4% (Fig 6} and (Fig Ty (% at O
and 120 lbs. mitropen show contrusting eifects of nilragen Eer e twoe cullivars.
In the case of 049 the fagher level of pivogon depressea wber peoduction i carly
growth.  The subgsequent rate of tuber development becomes rapid after the leaf
area shows 8 decling, L0 % swpgediad that 1. an the Aesn 17-14 sneks s excessive
but durmg Led-2{Wh weoeks when it is presumably oearer oo the projeeied opdi-
mum, the rale of tuber bulkdng s mpid. The efwct of (his lae and sustained
d::'.-'.:l-l.'lpme:ril: nl dr:,l' Hhalter gi'i.'l'."!. cige ta Ihe T!ﬂﬂiih-ilit}' of I'I.I'Ehlﬂ.' ultimate }'ic'ld;
fram the high oitrogen treatmens of 047, provided harvest is delayed boyotd the
arbitrarily selecied 4=pwmih growing perimd for tlds srop,

In an sacher paper {Spetce and Haymes 19663 these resulte are Jisoeted
in compeclion with the brocding of high and Bw itrogen oesponse varicliss,
Tsuncdn (1965 his nlaa desigmated |ow response and high recponse (o oiliozen)
variclies of sweet polsto, the former having a high leal area under low oitragen
levels and the Latter having a low leaf area wnder 1ow evels of nitrogen. ITn the [ow
fifrnae varisues the epplication of npitrogen raises the leal aresy  above the
ﬁgi:lm leva) wath resulung muteal shidiog of leaves and reduced photesynthery:
eficiency.

Tsunoda doeg Aot poinl o the compensatine coct in s Jater siages of

rowth, of low nitrogen respanie varietss wiltk hich nittogen (reatrent wlen L ban
allen below maxinum, but thls may be Jue by reMrictioms imposed on the lenglh
of the %mwirlg peasom by tlimatic conditions in Japan. Triah in which the elfiaomey
of desplay of canopy i3 improved (Chapmen and Cowling 1965 ) indicatz that (he
peniccted optimum L ovariet with display, The plant appears capable of miainram-
ing L a1 a higher level without Ioas of cfficiency in wber production, This efect
has beeo demonstrated  (Chapnian and Cowling 1965} wsing the collivar A Q3%
which normally prodoces high L oand bow yicld. Howewer, when Ihe canopy i
displayed v supperty there is 2 marked incrcase ix L and in yield, By sdditian of
nitragen to (he suppoded plots further ineresse in L and in yicld were obtamed.
It seemd clear fonm the study that the idea of an optimom L must be relatsd Lo
ihe system of culdvation,

Yaration in plant specing prowides another means of influencing leaf area.
In g projecied drial it iz intended o vary e spacing it which cultivess with high
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and lesw leaf areas afe prown, and to assess he Teaf srcasvicld selations which
resule from these manipulavicnas. [Us fikely thal collivars with bigl E grown ol
close spacing would produce excessive lead area and 4 Inwer el Om dhe ciher
hard, the culipvans witl Jow ledf arca nay be growil an a cloker spazing an<d mmght
stil] be expected 1o produce a hicher yield,

Iu s oanpecsred dhat the leal arca development of swcer potrn calfivace g
inllwgaeed by gmnepen, Folizge displicy and spacing and thar ithere is an optionm
L For a paniculac folinge display syaem. 1L s further supgesiod thal cultivass
may hinv |.:n'.|_|..|:1| HraXirnEm ‘_'.il.'|d |'||.r1-..'|:|1iu! it 1l aiTe renk H}'htL‘I‘IiE b EI.'H'-’-'“I maty
be requiaed v cxpross this pozatial. Inohis conreation the econcarne Teasibiliy
of the swseeny mad be cecsidercd. TRor inslance, ina lakaur icteasive syscen
cultivars wigl large leaf arca may b ogrown on suppedls, whereas e a labour
cxlensivl Syatern Ll leaf arcs culver groven . close spep may e a mare
apprapfiale choice,  Similarfe, im ereas rereabe frem the moaaofacioee of clesnneal
Erclilizer, ust ey b prsde ol cufiears capabds ol prodegiog o lirge leaf atea when
prirwst L e alinence of witregon fertihizen, On the other ko wheae feilizers aqe
readily avaala®lz and 1heir cust 15 low, caltivius with lew leal ore may be wsed and
naErgen Tozthaor :!p—plil."d.

Tubroewaeivs Fogioes ar fewe Elcvacion i the Fropics

I'hus greswt by ol Irish pudatees ac ew cwihoatoe itk jropics 5 chararderised
hy a sl growing pericsd anel ot vates ual tuber |:-I'l.:l»:.1l.ll_"li1|r'|I ahwsat 11 wins <af
{ubery 1 abcor 13 wocks i".'hu.pm.‘.m 196 % |1} {Fil; 3_] Cin the Yacs of :,-il:ldf, of
dhis crdar inos shine = operiod of giowth, aliz deherosum potace would seem to ke
ciRcient cranpared 1@ other Topissl o geops. A yicld Gl 10 wons per scre of
sgel paotdlocs with the culdvers oo o use i Tonidad might 1ake Eeome 20-24
werks and abogt M wvecks Tur vams or Lipntaes su that, thainkimy i terms of pro-
duclican per acte, per arnuen Pl wiclht secim lo pive a iremendous advantags Lo
ahe ruberesum poren, peocided varwlies can he fouod wlich el give sinmlar
vichDs in Lhe wigrecr seasie.,

Due iy the shoace emnp peried, anestaon i~ Incussed e the patieens of Teaf
arey dovelnmmzal in s @np and cnopsaible mezane n_[ cxlaading leal orea dors
stnm. Chapmzan (1905 L) ofsn showsd Lhat meirgsen inereisscd peak valoe of L
and nainkaiped Loal o hizher fevel wntl watueiny. Ah_l:..u_;_:*_\-'. Lt '|'-;:'_"'h Vot
ol 1 coinoide with Ry p=oeed of maxamunm wiber develonment 1bey are name
Rained For onle a shord poriod of this Shase of tlber dewelopmend These Jala ane
in acrord with tae view that fegrgant imzacige inovichl of ihis erop conld acirue wo
trealmaents which serecd o pwintain 1.9 8 ugh lewel (Hrennes aad Taha 1890664,
The applicalicn of mtrmacn plantive s by i1 oadequme and i hss been
suppeatel ©Hoyaes 1906 ] 1har top u:lrc'k.king okl fitroeon e seve weeks ar spray-
ing wreal on Hee Toklage s werth v Do,

Taunnceal

This crop i copehle of pragressive geoadh for lopg poriods and s usual'y
srmmipated  becamsy nf shq.-rlu_!"'_\_' of gl rdisfors o B2canse 01 1s c-::.mmcn:i,a]l:,.-
advantaEnnes 1 acan the cormels.

The natural disposiean of Lthe Sclinge of 1his croep 10 sunlicht s such tha
ther: is apparently it compenition withem the plant for radiart erergy. There
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wenld Bppeir to be considerabrle soope for incrensing foaf aren throwgh the wse of
nitrogen fertiheer and theough 2loser spacing. Thy ease with whoch leaf area can
bo determined {Chapnran 1964} reconimends thiz crop as 2 coneraient sebject Lur
siudy in Beld expenments, where changes in leal atei development are Browghe
ibugt By agronnmic practice,

LONCL L ST

In the present paper thz wilue af prowth analysis o cnphasized cthough
rEagnitiv v alad given oo the Tae char a knowledae of e merphology ol 1he
plant may infuence agronomic praclice  For casmply the supeifizil nature of
yam gy was discuysod inorelanon 19 mochanical weeding. Alig, the aeersaty o
sock an wnderstanding nf brochenical proceswes wilhn the planl, 0 addimon 3o
Lthe approach of prowlh aegilysas s ndicaccd By thy wars descobed oo Beeaking of
dosparinsgy i vams.

The linmbtatians of the tradinicnat up|]|::1u|.']'| n EE;nnnl:‘rmic rlral;li\'.'l.' arhuespa
Lreatment dillersoees are assessed alter 2 pven pornd of tme as allesiseied by e
cnnfetmg repors on the cesponse of swcet paloes o nicrcpen ferlihzer. The
valuc of a knowledee uf 1The erewth and developnent ol the crep in understandisg
Ihe cfest saf mkggen lerniduesr wlicn :l'!:lpﬁ.l‘.'r_' ol diffeecanal rales beooamics cwdenl g
studics like thae of Walter {1%66)} which kas helped 1o clurify the oileoges respunse
[or lack of responss] mo ths crop

Lsing evidencs fram the work on sweel potatoss, the hysnthiesas o put that
optimum yivld is related a0 g gived lzaf area curve. The offeciy oness of o piven
besd pron = telated 10 its di:.l.ﬂu.j.' 1d s 1.'||::-Ii1||um Ieal ereg curves mgsl boe olaoed
wn specific sysloms of cullure. This leads to the conlentom thal Jgnomenes nracliog
shunld vary with the level of weehnolegical pepsl which s iself inAuenzed ey e
comngmigs of production.

Whi'e further evidenes 15 necded for vams i seeos Likely thak tlie sanee
penigal principles will apply.  Tnoahe cate of danisdne the syston is simpler simce
the farmnag have a simaple cisplay anod the mocphalogy of the plam aal] oog o
the altering of this display By agronomic means.

The emphasis placed on L in this paper is inowo winy intended do minmise
the impunance of différomes o E. Many cf the factors affecting E will be dis-
cussed in uther papers in this Syriposiven (Humphrics, Wilzon), Alze n g ol
inte=nded 3 mimoese the impadatce of proweh regulanng substances snch as a
mther initinting substaoce im the fuberosum powatofe f. Milthorpe, this  Syiepos-
ium} or the ef=ct of potassiom feclibzec in many eoml crops. But in the present
state of kpow'edpe of tropical root cropa i would ssem thet agronomic proctacs
will Jiave 1he preames efect on influegcing wiclds throagh their influenee an L.

It v clear thae plawr hreeders why nrevide Lthe chacacteristics of e prarts
ke capeen shinu'd Bean the several ciiconetanges of agroncemic prasice in ming
wher brezding new zullivars If in this way materral is produced with hichly oan-
rrasnng Teaf arzas Clow oo highd theic yields onay B maamised in both types by
the varsing practeces which are possible ar dhe dilTeient levels o production.
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OGROWTH AN STOHAGE 1IN TROPICAL ROOT CROPS

—_ f?_'l.' _—
1. M. Dicgras

Wam { Fheeforeeit),  Sweer Patgtaes (fpeeebceel Tunma wocd Bubdwoes
{efrenide] are fhree stople [1ad LTLH T im the Wit Imlice a5 well as i somc
alher eropical cowneres. Owre knowledme of their biology doez noa penoil a2
rafansAl Bacis for warical npeoyement.

The well-known  research of the Trnidadian 3clsan?  {Brown 1931
Ovchge 1955, Gondding 1900, Chapeoan 1964, Cowling 1943, Hayne: & Willkams
1963, Sponce & Havnes |904), the Mavaguez staff {Marin oo al 1363, 19584],
the Bapanc-e rezcarch warkers {Tsanode 195Y, Tsumo and Fujise %64, Yuin
[, The Aancricon peociiciscy (Pooke 1955, Hernandez, Miller 196, 1 92606)
and, alewn, les. knewn puhlu;i'ﬂinnﬁ af some West Alncuon :||gr\-:_'-|'||.:-mi.:..15.I hawvy
thoinkn st Bnecvesteng intight it many sspecies of their biolapy,  We ame aor
sull Ak b owe1 up 3n dowcgrated preseniation of theic biological facts which
mihl Yead 40 a sownd brecding pelicy. Though empicical sdectinn covld prodece
vaduable varieties, il s evident that =ome combined and spoculatice approzch
will ewe T st progress in this Gokd.

Catlpiheg vislue cloroed coape I Nicked with ey mater preadusgican, e
vicld i dieegty dereadenn an syriheis, transpert aad 2oougilion of doomale
e appeasal of these proceeers [or brecding beare on the mompha'opical and
phvsmabmen derenmimnt, o ovweld. The eomeepes of Doermy, Wat.on ol
clhere (e Y Sty 1904 and Jpepce & Tlhavaes P9O0] ol b (b oo of prosed
aoalvars in weares of leaf area amd che velateoa af thi=s area with dusation il
slensigy nl 1he Crof. Thrl.:-l!El;l'l Milt!u:ll'ru: and  [vins [19531] awd alher worka
revised by Mool (1960 angE Tumand (1264}, i appears 1thal che specine
srhvesiolowy ol the slarage siee plavs o Eominacd tole o1 [east en s plaeg ol
drl.- meal b aes; 'lmu!"l.lmrl It o om 1lese |t|'||'.‘"I n'|t~t'|2l|"|l2-|l:‘&-|:'||_"|.| Ak ph'.!,|-:'tl|-;_1|__||r:.||
anenciaied wath leal and rewat <loTipe pm-:,rs.'-‘-:n Lhim The folleawing ob-ereations
hawve leen ke roakocn.

Limitatice e the <20 of results expeated has beea incrodaced fram a
bodaaae in Seplepher LvaG B atcemgl will e oanncde heee i oomeeal the Tuck
of cabysive supped Bf some fentalve onnglaspons.

Fo Fiald el Liey ddorter Moeoee am Ywer! Peaocmey, Yoo T pis,
|.  Fiskfingp -I'_".-:Il:!w.'rl.'

Table | shorms e pzdors of yiel] obtained with these oot crops. The
Gual ordes of yield obtaingd (folumn &) has been tuken ax osdicanmy wisld
pretemtial wr productiviy el 1he ceop. Moetung = rely sew 0 these faol:. Buor
speetlabinge on T Laerses on which s seleclian thoald be bosed with a
i owsserire preductivaly isoan ateresting prospest hore, Crop durmstion a:
delziened by o meacber ol coonemic wgl eghosgal ceafon shoald be shorensd
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through selection, ol Teast ihe wontral of ewviranmenl permas 9 exbend o,
Slewtening of wiop doratwon generally 35 sabject 1o <erain limilations wnless
there 15 o modification  im e stagiog  proces.es.  The  welb-known  copirical
meathod ol selection for foech wweipht vield has already bden questioned becanse
ol it complex nature being  dependent o0 merphobogical and phsswological
components. [0 we cxanmine the avesage of cach Facior ar cach level uf yagld we
pberree 1Rl 1he wapizdwa ol e rcE ke ol ':!'"."' maler i the -:_1|'|I_'_u (e LT T
with that of dry malter yield per day of crop duration.  Thos, percendage of dry
raies reodeni 1he base way By which crop doracion and feeshe weight  yieb)
'\,'h-:_:-l,:lh.| Ise rrIE'iIE.III'I.!d.

2. ¥ielding efficiency

Capacily af vloming Jey maner s peibarily depesilem on progtessive
rechi-trikupion of ibe phocooynihates beteecn s1msciures fer Butore syntheris and
siles of  accwmnblatea. Figuve 1 brings  topether  ineetesting feature: of nhic

disteihution in the croqs nbeervesd-
(1) Ceoesal paricipanon of exponential corves e these grewth telalions,
(21 Fhpendences of yicling cficicncy on wither,

{1 coolagical <itngions [Swarl Patatess Mo, X1 for taa years}

rby warictal betaviour [Tahie pnd Coulgnvre Yams )

i) saape of graowth G lineanity of the ascending curessy.

The occurence ol expanemml corees here, Wil nal pablisked in our
breswtodpe efewlhere, for those roon planc, aceds nar 10 much eaplanation since
Crepory and Fieckman's  glesical preseptstnn of  prowih rare. Yer, the
madabities we soe supwest defimte clares of growlh repacding shool-roesl refalians,
The depariore feom trus exponentisd curves i Swect Poulo can be accoanted Eor
by the limilion of manal for saopling,

Talle [ Ralevaur fachary of pleldieg capmcity

Wi chcs Crop Duratwn Freeh Weight DM, Db, Yierd
(Thav] (Trha) [ { Bl e Sday )
Tahii Pl x4 A1
(1573 21 % [34.13 45 (High)
Lweet Polatp LA 1.7 EN |
Mew X1
Cowbenrrs Y am 1495 L d i}
(1963 24 Q) £32.3) 1% { Medivm;
Tahits % ame (e 250 KL
Lweer Porans 120 5.1 a4 2
M, XI {145 (. {2907 1% [Low)
Whitc Tannia 24F 151 23 .1

(e dhe teat cho [ L Mumbser in Beacker 15 1he averape].
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1. Eraring Procest in Coulenvre Yaer ([, glara)

The fact thut Coyleuvre ¥am posesses 3 certain number of ntermediate
characlenstie: leads one o envisdps & possible Scheme for the Sworing prucess
thiz varicty. Figure @ permits comparison af sip corves, the menting of which
wi stress heee:

A Nrt assimilagiop rate (EY o groms per square decimcter per two weeks
(berween torg cemphings) For the whole plant

BE. Relative prowih e of meal in pereontape of dry weight of exisging
tuilser,

. {FIrowdh ceie of roof melative i the leaf arca rgamc wnio 3940,

D. PFelative growlh rate of |eai area wy porconlage of existing laming
snrface.

F. Leal area per plant.

F. An iodsx of light inteccepticn inlemled 1o take wooowrt af the pirl
of the leal canapy neaching compensalion  eint {Tsunoda 1959,
Sovkt 1963, for mstance ). Thiv iodex has heen tentatively calrnlalycd
throwgh leaf area divided by Tresh weighe of vire.

Let us compare the curve A (G) aqd B o(percentaze tubee growthy, The
menjeac irgrepancy rices from 1 ta 123 davs afier shooting, anadher L2ty armpnrtgnt
ong beime plwed af the emwd.  There can be no deabd that this descrepancy from
the proper course of tubedsation is dos af the beginoing Lo 5 mitiEoow, s
M 1he ¢nd, o Jormaney. In otler insiances E goes on a ling wuffizientty chosg
that of tobor grovatls.

Muw let ws compate E (A) with the cucve © reliling lober goowihs 1o
‘cai aren,  Anmnl the 120nd day the twa oafves reverse their positions. Cleacly,
this significs & change in 4be immediate soorce of dey alter emtecing e oaber,
the amuunt of dey macter actually phobosynihesiced beine msuffcient for s
enlacgement.  From this time, dry matter consumpiion of secn storage s
pecessarily beeinning.  Bot, one cam notice that earve 0 wamalicars remain in
relsticty with thase of E. Thils mey e wisdersiwad as E being a limikng faceoe
tuber mrowth-

The reversal of eurves & wnd O wiald be surprising when considering the
comewrrent ascending curve ab leaf area, if the corrcladive clevation al the ingex
of lipht inerception did ool suggest @ possible contribelion of lamina agring at
the same time.  ChHmalic ciroumstincs; could alsa suppor this naterpretabion.

Sumnmanizing, ke main Facls, i can be zaid fhat the soring process  in
Coulepvre Yam 35 the it effizet of tuberizmion (inigatien and durmaney ) and
Imbina dry manmer synthesis Cand Miss).

I, Stricture of the Leal Canopy amd Yieldfng Ahelity 1e 3weer FPoalecs.

Ac may be gean from Figum 3, each ernp offers 2 definite celataon betwzen
lamea dry weight and stom dne weight, the genersl mnking being ¥z, T,
iperio’e instvisd of dtem} and Sweel Potaie.
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For this Jazt coop a deeper ove.tigation must be reported.  Asswming e
wel|=known imparrance (Tsumcda 1959, Browgham 1858, Seeki 19599, snd others) of
lacvina surtace {5), lamina and petinde relation, in weight (Lw, Fw) aod leogth
{LL, F17, deosity of leaf along the stovn (Ld}, we obserecd dheir combined value
amang Bve Swer Potato vanielies which bad been clluvated wl tnuls for 1o
YEArs:

Parameters Assumed iervention in yickding abilicy
a FPuosinve
1wy Positive
LI/P] Megarive
1d Prejtave
51 Ld Posinive

The ranking of the five varietses for each paramster is shown in Table 1T,
amd EBlag the gopwenbonel sommetion of thess ranks aganst Lthe avecage yield
obtained frem  the e yeart, The pdequacy of this comparison at least,
cheauraging. It woold be even better if oee have bad dry mateer estimanod; see
the rumber in hrwekets calcolaesd on the Basis of ome year dry malter percentooe.
It sircsses both the interpretative value of the physiolomical =ssemplions and e
pussthifity of a selective approach of a aufficicn wide ratige of vielding abilivy
th=uyph rmorpholegical examinalion.

Indiculions  rod considersd heee pive additional outstanding infercst 1o
these parameters for morphelogeal seretion amang 1o sludiegd vatisgies,

Toable N Lewt vanory Strgclure and pisld in twegl podaie

Rank for Parwmeiers Average Plot Yield
Variplies T 14 &5 = Ld LI/ Taw/Por Trdal (Kiloz )
Tuonai
XTI R 1 K [ 1 9 41 3R
X 4 1 ] 3 A 12 60 (223
Vil 2 1 4 by i 15 32 [(1R)
TIT 1 4 5 i % 5 3E {13}
® I 1 4 A ) £] (14}

faee bexe Tho I, 200

V. Tulerisation and Yielding ARy fn Swesd Potaloe:

Periondic sampling of ten warietics of Swee Pototo over a mine manth ial

culture set forth the dedctwining vatue i yield of carly tuber bolking in a given
CRvirnea i,
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Planting was corried ool ol the end of September £%05  Shool-root/ fresh
wricht oy s Teew comsidercd Inom vhe 75th to the (715t dav.  Hacresung
way carrded out an celanon 10 wiler developmenn and, an the diferent varticis,
cxtended frons (e 17151 10 The 245th day.

The range of melidive tober developmeot s mazimiaed of the 1534th day,
If e relates wvield capacity {ootal yield divided by duration of the crop} 1z wtal
tbcricatione, a gouble luwe o moerelation boiwenn then secms po-sible. {Figure 4).

V., {onclunass

Bather shan ouisiending resulls in the feld concemaed, iU s hoped that &
usefrl methodolapy ey come cur of dicse obsorvatens.  Te s juw owa pencsal
views relating growth investigations with brecding o yield i cor wet tropicol
[ RITREIN

I.  From the groath curves of the Whree ool craps presented oz weell as from
the Nr.r analysis of yield Eactars in & st of voriclies, it appears thal comonon
rransples can be Fouond, Brooghs out By a study of the patieolar Tactors cespan-
wabile foe the distinct bat homatugouws wemies,

Fhws, we nabigg N pencral iolereention of sequg s of cipooeoial gupees,
The gueston arises nf the mature of the phases concemed which can be anabyvsed
Ysraetede 1heir Logining Tacoers aond level of their intervention.  Seemingly, in oor
f¥oceorpa culloey nealification of the imonediate seoeee of oot ey mener oy
aczount for o distined phase of growdh. Howsver, it remains that within cocl
phase primLy aod someshar comovan factors 10 be detennined will explain the
curve evcelurion

Ouo the ather hand, the possilble exitlerce of twoe sene i the relationsiip
betweon yicld ancl carhne: of meberisanom ur cor Sweoet Polste varisties denales
semrron gelermiog Ba-ore walh the exceptuen of a gwen transposilion facor,
run oyl Edermificd, ot thoughl to lis in morphological scruoiwrcs.

2. Al thyse chservatios lie i the diecotion of pRyeology and morphelagy of
prowth.  There is alie as his bren algady discossed genetical implization  of
prvwth in hreeding For yicld. Bul we mosw now emphasize basie biologicsl
knowledpe eking ov e corrent approzal of popeal oM coopd, Brery one s
convineed that in et trepical conntries speciidion has Ied w proliferaion  aof
many Jorms more adapled ta sepetative reproduction 1han e seed seping.  Omn the
sexim| sicke, apomixy ihoa wepical el of oopical gress reseatch for instance.
Drreper investigntion 15 nesessiry in 1he asexwol teproduccion of plants than  in
the coze of woperate plents. On fhe segetacive side, dey matlee acoumulatien
od wikich gothews (Falensky 1934, Thormas 19633 have caid that tropical counuries
are the ilesd in many respects must be o favoorite abjecive in por beesding
pnlicy.
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T AT T LY [ )

M £ ZRrem:

I wenld ke te Ask Br. Hawoos the detalls of the retbad osed W Induce sprvallng
with P.chlaco ¢thonot apd abgik tee: efcet Lbis had o swaswival of pflAn1 and an
uomformily of Aproulne !

Mr P Hopaes!

The plabwting puenn 55 Immers=d tnta a solukion af 2-chlora-ethanel Le water, The
releoairacion wacies with Lhe nealrily of Lhe yam. Sance sS700E Lo pams a5 relgked
ta Lewel af glulatklone gnd gn spronting can be Incorcd by wesker concouiralides o
older yalus.  ATleT dlpplop io the aolutien the lutere s plneed in a closed coaloiner
for 24 hawsy. Tleey aTe [hep placrd M R EPrMILLE bed. and ept mmEL pnd BRI Red
ba Merminald  The nnrmal polarity in gecminallan of yam pieees where the head enis
gereninate hetnre Lhe 1ALL ppleced Moalns andfecied By Z-chlarn-e5eang .

A L. Eadwardr:

Cammented un e Affack of nikragen EppleRbdLe 1o giaked wams He claimed
that o eaperiteents I Hewvie Inoareas gl high raletall applicatiang of ocogen procngsd
wields nt up Lo 11 tonsoere oo sloked piotx comrmaTed wlh jlelds of Lless than 9 tons
oy welaked plote.  The effoe; wps rewrrscgd e low roinfall areas,

Me [» B BFilliams

Ch the queation of the relotlee efficlenrice nf swee apd Irkh' pekda 1 Waold
NHr b rlispo=c al a possible aspersion cust e 1he quallly of the sweel potasa culltas pes
heed 831 3 Au@datine, The L% DA, mistrllanenys Publicatian Ma, 372 reported that {he
Swept Toba's posseeses LW limes mare carbehydrates ithan the Insk' pocpla This
alvantagr was ralnlusoed Shen caloblfe v&loe wys he Llpdex cmployed 1m0 Enis
ars=ymehl.

Elnee this comparltan IMualved 1w Blgh catalens sWest pplata dnd oot 5 EEARSD
warlety which i3 moee Lke thnsg Bred lacally, qhen | 1higk 11wl e suggesktian of
greater efficeory lar the [cleb pofalo Woald sfem by e W Be smienebe

Me. P Hayaes:

I owill agree wiih My Pl pns Pran weight for weighl the swerl proato ks dupeciay
Ly carbohyd el contene 4o the '[zash’ pelale, Bowcever we must cumpase UEE chinss.
My compurizon was lbased en preducfion pEr acTe pro Yeae. The sa'tel posatn
wicuples e land fov & lenger fewe thae Lhe cIclsh® polalo wheno geown o the 1rapioe
e g Lheaceliral basia there woukd e 3 greoter produslian [eom the 'Trish’ porsbo s
wril time, Tl coob=ikbien | obold will skl slaiml.

Frafessor F. L. Millkorae;

Mr. Chekrman I M1, Bpynce and Ty oMleegues would fergeer me Reving so, [
thipke Lhat this werk does show =xecllently the ane we mwas Tellow, T is an rxa np e
which sty of U Mokl follew O otdes (o underiand dhe why I which foupical reeps
o-e Lehavine, and bow key nererze ¥intd, Alwy B oces dlleftrate & pauir which we
terd In make elsewhern lin the slody grmp) and shel e LheL 1w vield of many of
Fha v 158 T'RATY |o e SReseaued, (F o selecls far o much Bigker ratie of bubers 10
Ieal wrem Ang Then puls en & |9 af glirog@en. T Lhiak this is exaclly whial M. Havoes
has #hawn In the cemparison al the twa woretles of swaal aalato.

I ynderaignd (e Thiy 18 Lbe boacly of Lneceases i pkeld iy ececals fuc the Lo

20-2% weacs. Mr. Haymes” watk #ébis 20 9ufgeat 1hat the same bype of pRedomenon
rpibd e Wl 1he icber cropp a5 with the gramm erope.
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o LA Wil

Nr. Haynes mentlanad g decrease In concentretion of gluteihline. la thete &
suppestion iRl elhylenscholomhydrus (2.chloro-*bronl} Rolps 10 <decroaae thee
poticentTAtinn and Lhereforg IMbiblis sproulng ?

Mr. P Havaes:

3-chlgro-ethgnal caremes am lWCrease  in concentrotlon of  Jlutathlone and this
Al'ouwm permlpaliot to chke place,

D 7 Siemuslt

Yau meoticred E17pL and 1hat wnux conaldered thls & negallve faetor In vielding
gbllyy. You rARADt wee ihe sameg canklng ucder as for 1he olber Laclers widch wete
poglitivn

Ly, L fhegrat;
Yea, I have uswed an toverse arder.

My E. e CGoolimp-

in “able L, 2 sed of Afatbes Afe gl dowy o the Ay malker j"h'-.‘"d i Kklngr-gry reir
bectare pes day FOb wAEWs Al swerr patAimes. Mow this, 1 think, |3 eelated Lo the )
crap duretlem [ ojogk erenl o make= Lthe cofim®it in pessing. that If roo cimslder the
perltd alf hutklne af ithe vam luabere, LY PPRer Pplace doo ruERTs e oo eleyen Waslls,
im othar wonedd. TRAM dpye. the Taze nf wilking |s extcemmely ipgh Wa frand thig dm
obgemvpllons |n crmmencol ficlds. This works out to something ke B Slograma per
hectar= per day. which |s abaut M0ce &k DIET B4 the ASuUTes Flven harg

fr W. 1L fmar:

1 am weor diMdent abaul rsking 1hle gueetion oF M. T[4ies. but Lhls s supbose=d
b e #1 inlee dissiphinary a5 well a5 froas cullpeal InfernRtional sonRferense S T
wauld Itke to ogk wao~™ indulgence [ar 8 mbnui=. 1 have tred e onderstapd 1het
charl on 1k bopnd, gbowl the T ol OF8 swaei polploeld, T seema lo sar — and
Lhig 1x al It savs 10 me — that If you want oo pel 120 |bs of RILrOQre oreembr oot VoL
moy Ao =0, and It wilt nat reduce waur ylelds, or what you get withogt the nitrogon.
LF ¥a3 Jual wald m littde Iemger Lo 1

Wrw, dnes b say any maore thar Lthat ¥ and A0 that 1B Whet i1 sayg ic nnl the

canclusion ‘let's nat jul ithe nktrogen on wnless we are prsdeidg mlteogeo st &
tegallve poett, i Mawe T got LE Bl mehed Up ?

Mr. P Haprar:

Yeu I agr=. Yobr atiesitneal is qelle raerect. BULE we ade oBlng 1hls Lo =eolare
vAT| ey reppadde, Flid we Wwant le Mod wut 8 prnclple here. There 3 1be posslbellty
Lbat. thare are ather vamrtles, whichh AL 2lre [Ais Peapobde manlier znd tRege M@
what we moasl ook for. We should nat Lhimk gnly I tarms of reapaose bo nitrogen
hegauae this TREDDILEE |x rompley eNd varks Belwesn vorietisc,

The +harls ghow aatiehing of that varletal diTerence, Thls work e eeplorative
and In design=f to gein 4 herer nndaratandin@ of lhe ooluee af 1=cpone= cother Lha

0 formulale Perllllzer preclloe.  The pacticulpr vadeUss wore cHopen bovaase of
thelr eomtrrat |m kel malell,

B {F. Smick:

L farl even mofe AMldent slvbot wpeaking o 4 gath=ring of plent pRestolosisis
and all the nther ologeets” ecanas | am a phewsicdst, bt (b ABsays strdines THO, 88 belig
of 1+ uliocsl lmporiance. In experimenls sl 4 we have wesrd abudt this mernng
tr knnw, et only whel varletles wou have gt ahal Fectillser vou have pol, whether
¥ou gkeke or you sont stake  Frhat has heppened A rhe westher T ATe weather
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Ilmitars slwayd directly comparside {0 vour experiment ¥ How do thede vacy 7 Ooee
wa cam menilon the guecticm af guoite diferen] aosecrs Lo lew ond high rainfall
grenf Lo, I think if way Meywls. Whet L happemed Lo owibl FETIOws expel bnenls with
the soll MloGature T AT they alwzys compacobla ? WiIN ypow gt the coms Anpyret
Next ped? when 31 5 veor 9ry or very wet ¥

Mr. P. Hayres:

Thenk ye wery muagh [r Smdth. | am gled thei ypy ralsed Lhis palnt, We g
Awpyy o[ theae differenecs, aod im facl, our Wdals aoe condocied io the dry seaznn
Aand Ln the wel sebsoo] 4and we ged differant mesponsrd. Ome Ands, 4 wery mbch ol
leaf area dewelopment In ihe dry scason ondd on carller productiog of tubers, We am
plup wepmining the growlh péried, bn LETms of radlanl enetgy¥, and Sor thls, woe srg
grng to depend vecy heaylly an pod o anpply we wilth somg detp, we will be waxlog
you in a wery Shor time, 0 1 am very glad lbat you ar= skawiog thas jotlepeet,

O LA, Wit

1 wonder 1f 1 gould put m question 16 both M- Hwymnes snd 1, 1ieprac. Tn
Or. Degras” wark oo sweet pataty, I think he cowaldered the ratic of tuber weight ta
{plal firr matter. hm I TIghl 7

Iy L Deyras;
¥a=.

Dr, L. A, Wilron;

Mow I would like to stk yaud how vou Inlerpret {the teewlis of thia vatla, and what
are yowr cansidead ot Wil respecl &0 the reduly of CF Al CHA.

Dr. L. Dhegrax:

1 thiok 11 ls wooy dificedd fur me Lo give you an anawer abowo! thot,. My obderya-
tlons an diffecenl varlelleys, shd 11 =ams 1o, Phat T fandtd Bow ke an mdicsbinn
obh dnwiber way of condibeme, T don't koow very well

{Chofrmetr:
NI Haynes, =aald sag ke 29 romment f

Mr. ' Hayaer
1wl sk [In Spemes Lo anpwer thls goe.

De oA Spence:

Crrlainly ihe aopalysis bas U0 continue inte the ipber dev welght in Teipilon te
total dry wei@lll.  The leal sted produced afecta this ratin, and Lhe ass=ssmoqt of
Bkl ¥Ee1d pud how lest Areg Afccls Anpl gleld miwsl ke oede In TelAtlon oo Thia cab
Howewer | wonid nod ot this stage interprete tha cnsolifs of Lhis Patio for OF el OHE

M- E_ O Pilgeir:

We hawve st pren diseyasing ong palnt, n cenneclivn with 1he chact on e boam
Might nat 1the tesponse of 048 T aormewhel madided By the facd thiae OB i p o e
meanth waHoly whetesy 048 eales el moeniles 1o mabure ¥ Might nor gle CEa DT
have heen gregter i ihe grepn hed boen exenided for anelber 2 munihs,

Me P, Hapwes:

Well unfertunetely il war not cxlended For another 2 manlbs, Dat 1 da mob Krow
ihal we van clahin thail e CB I+ @ong to continoe 0 Inercase.  Thel Plaxn of the
ciufte j4 tan imdecieles o g3 e yeke a4 deflnite slalement wn to “he trend Lbat 1=
wnwld continus slong. Tor chis pergd af 1lme.

The alher tHiRE, whilch wi Bave 4o consider — |5 hek telal fBubAc dor metler degg
nob meccREAr|ly Indica markctable yleld of lulers,. When grown for b= luug



II[ — 3] ROOT CRIOPS S APOEIT

perlads, tuber slie 35 becombng 1eiber Iarge. snd delormitles In Ffibels Hgin ti
Anarar  Thic adds s fwrther ednsplleation.  We sLlll orke ibg gonienclon chas ihta
wnrk kr aimed g1 exploclng thn sysiem rathes thao omeklog cecommendatloor oo
praitlice.

. FAL Do

Naow, [ am kn Agricultoral Enganee=c, nnd 1he only Teesom thet 1 dare sprsk &
s mararenl s becoose of che lead glven by our Physlclst friend. when be Wenllooed
clinatle volditdoos. Sometioe SEE, e %ere Inyalyad [ dolng simme dryfg woeth I
Earl Afrlea, and ar was ol imparancs o know the olimatle eordltions. We made=
& compasative study nf enly anr Fecior, suishine, wver whlch me have very dittle
rantral, 2l wie olderied V1= T¥om J3I8 Tromw Abaul B Lo 10 slaf5end 1ogated wikhm
L to B mlles of facly alner, jon a bagh altitude mauntalnous ames, In twa dftercog
areas ol MAst Afcea, znd In bolh eates we Terwndd thet Che= sunchine valoes abtzineg at
ane place bare harfly any melabvom o anglher place 3 0r 3 pdles away. T hobh
josa e difTerencts 10 the &vprage sunshinge over & month, 1aken Tor & PorkEd Of I to
A wegmg shawnd that at the Statlons *he valees can be hlgh, er as los by 1W kours
prr day, Apd [ elimply geiofe ¥l [guTe to elnpheplie how Impoctant L = L obesrve
a'her [actknms 2har ronEihuin owaeds plaol grmesdh,

Afr. famer:

In descriking the yield increpdes whlch have beon oMalosd from varlous boale,
oo Cthoparing diferent fl“-i'”lli'ti. L amy wnnd rring whnethet [1 15 oot podalble bo Liddeabe
what hat contmbhuted ta that dnerease in vield  Whether L 15 5lzs of tubar or nomber
ul Tuberd, parllteleddy Tor & oo Lhe S&eel pirleto, 0 wlich slee 19 very lopartaot
pa far 3 commerclnl LpltR kY L5 eamesrmed,

Mr. P Haynes:

In 7hirdd o 1Reae Yleld moTeRLes il b3 Beem om 1 Baals of xl2e oF tober Lockeases.
“Thers a; 3 amall contrbution 1 yield frog number of 1nbers, B yauaily we Oind that,
wizh an mcreased nomber Gf tulers thelr e 1s smallér, and ghecefor=, 1hls dowg oot
ueually reflecl an inerepse |0 markols e yield.
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[RRIGATION T INCREASE SWEET POTATO PROLLUCTION
— by —

Teme P. Hernandez and 1ravic Hemandez

L outtiara Srane U'eiversiy, Ha2ron Roves, Lowlticha

Irnagatien 10 supplement Gonfall s necessary in mosl years W obain best
i lds of honticoltural crops,  1E adequate sodl mrvisoie Ao meet the nzelds of syer
potatoes or ather crivps 12 vt provided, wany of the recommended peacices, swch
a5 beper secd seleclion, wse of improsed voneles, proper fertilisaion and others
ere of il coonomreal sdvanlage.

The value of drogaten watec 0 increase Sweet ptatd yields has been
ceported by sewveral research workers Heonandez er af (19360 @] (1903 ) Jone
(19607, Lambcth {19561, Polersun 1961 ), Ware and Johnson (1953).

Irregation sludérs were conductivd on o Richlord silt loam soil ot the Swear
Fotaty Resvarch Coenter, Chase, Taowigiaaa for geveral vigrs W delermine the
tliecls oF supplomgatial irrigatinn o Swet potate pood ndion.

A TERIALLY AMD KRIETHOHS

The impgution waker 1o the fest plois was wpplied either as 2 fuecaw
applicaon nr with & sprinkler sysrern. The Riehland sy leam scil vsed had an
infiltration rate of 0.5 inch ol water per hour. The sprinkler sysiem was desipmed
wa drrigate A9 acges oo 19-day pooed when imgating 1 hours per duy,  and
applving 2.5 inches of water for cich selting of 2 acces A total of 720 feey of
Tatcral d-inch lings with 36 sprinkler neezles was pewadad e cover 2 opores. Each
mugrle delivored 123 galions per minuee and the noezle, wers spaced ) foet ¥
ot feet apart. There wers 7OF feet of S-inch main water line.  Pad of this
wytern o7 [urtoed cigation was wied o rigate e gxpermental plots.

The physical analysis of thic silt Toam sodl showed 1hat the Geld camaciry
war, 193 percent on an over-dry wienl basie and the willline oot was 6.5 |:|1:rr-
coni, Smec the walyr held in the waul begween the Huld capacity and W wiltina
peint 15 avpilable 1o the plant this i weually called "aciilable water”.  Tno s
rage the avaithle wler ameeplag 1 13 0k THTCCIL

In 1hese vzpeoments the soil moENE Soapes were oblained i the top-
sl, the upper LO-inch layer of soil, and in the subscil, the 10 w0 18-ineh layer
of seil. The soil meistare on all of the samples was deermined in duplicate on
in nven-dry weighl basis,

The emperoture 8nd codarye humidity were connimponzsly recorded on a
hygrethermageaph.

Four soeeet poratn vErelias weee psed over 5 f-year period. Bandomized
Fnck experimental desipn was used in 195356 A rate of 801 pounds of 6-17-6
per atre was wied inoall ¢sperimente.
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in 1964 apd 1965 & splic pbow desipn wag eed 0 siudy kevek of aoil
moisture x raie of nilregen. The imigation levels wers as [ollows @ check
(namwcal infally; sol abewe 25 percent moisturs ; ond soil sbove 30 peccens
moisture. Tl main ples wers icigated treatments and notropen levels of [,
34, &0 and Y0 pownds peer dore were the swheplons. Sy poonda of each P 0 gnd
E Eﬂ- werre appied Lo all plobs. : A

Eaiofall in miehcs at Chase wa 1964 was as follows @ June 14% ; Foly 3,80,
Angpat 303 ; Septanber 384 and Dectober 100, In L35 cainlall i inches was
as Tallows ; Jupe 05 ; July 0BG ;) Aupust 385 and Seplember 659, Derien.
nigl variely wed used in 1904 and 1963,

RUSULTE AND DISCUSSION

The 1-}-:;“' mnnl.'lﬂ:,r rainfall fer the majm- frericny ol cach En'lw'lng SEUsN
at Chase and ior each year at Winnchoro (5 miles north of Clhase) s shown i
Tabte 1. The rainfall slwvwn for Chase was recocded approxiately 1,16 mile
bram ihe wast plds,

Table T Fokfall im idcler fre o paars T8I0 thrngphy J556)

1051 1954 1055 1956
Manth Chase  Winns-  Chese  Winns-  Chise  Winns- Chease  Wions.
boro bura boro by
Jen. R 4.06 J.64 221
Feb. Ll ¥ 1 .Gk 13T L0 57
March —_ FRL - 314 —_ .8 4.57
Apnil 7.4 6,464 965 4.0 644 h.15 4.0 4,54
May [5.CHF 16.31% A.E3 1140 1.2 K.i% d. ]y 148
Yupe {l K2 (h6d .7z | B3 376 ¥R -l .49
July 250 214 .30 .oy &, 15 B0 324 3.B6
EAT-R .30 i.H [ RE1] | .26 1.5} 1,454} =00 %83
Lepd, .50 {173 1.55 [.8L 2R FR 1.0E + 79
et 92 1% 1.61 | .61 1_(MW1 1.0 .80 1.1
Hov. 1.67 1.51 453 18401
Toey. Bk Pty 2.EL uzy
Snpusd
Ramfwll — shdl — 3905 G2.34 514

Thine was wnequal distabcnon of min within and belween pears, The
monihs showing the lowest everage rainfall were Jung, Aupuct, Scprembker, apd
Ouruber. Rainfall in gemeral was highest in the casly par of the crowtng acescn
when water reguirciient of the plants was Juwest,

_ Two arrigatinn dests wer conducicd in 1953 Rarfprort variety was used
Inahe frse test and Efoldrustt and Earypors m he second.

There wes an wnasoally large amoeund of m@iofa! in 1953 in May ; none in
Jure . and linle in Aurwst through Oerobser {Tibl: 13,
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The fiest west wos watecvd with oppeogimately 1.5 nches of water per ien-
piticn an Tone 17, Joly 7 end Aupust 3. A% the penod that Eardymars wog begin -
ning fo set slorage o<y, e snil o the ooneirvigated plots was very low in
mmsiure.  Thens wers practically no mools zec i the non-wrigated plots, while in
the irmigated plots there wiss g pend et of sweet patgls erwns. The drcigaigd plets
preduced 234 bgshels of markeable sweer potasocs per acee 35 compaced wich 10
pushels per acre for the non-trrigated plots CTuble 23 There was an increase
in weld of 49,8 bushels for each some-inch of irngeisn water applicd i this early
Lest.

To the seacand aesr using Solde sk varicry, the arrigawd plols produced <6
bushets per agee as eomparcd with 30 boshels for the oon-imigated plis. The
irmgiled  phe received  approsdmately 1% inches of water per irdgation on
July 3 and 11, apd op Aggel Vol U7 Forlyporr peodoced 138,10 bushels per
acre on the icrigated plots as compansd wilh 95,.% bushels om e noas rmigs led plols
1 produced an average inceease in yicld of L0324 bushels for cach acrc-inch of water
:'npp|iﬂ|.|.

In L9532 wo arrigation eests wore cofducted. ATl of (he plots bad the
sameé soil mokstare condent at planting tume The ficel imipation was fiven am
June 17

As shown i Tuble 1, e rabnfadl ar Chate was low i June, July, Aoges,
Sepramticr and October, 1264, In the non-iccigated  pls the snil moistare
droppad below 20 peccent availaele nicistere and by Jaly 20 i hod declined o
% percemt, and it rensoned below that fur moct of 1he seasen. The irigaied plols
wepy prven s irngalions using 1.5 1o 2 omehes of water per bogaoon. Inothe
wrigarcd plots the s@il remained sbows 30 perceot aveilable waier and mse o
approxienatcly B2t [ peczend available mossure immedioely afler each irn-
gation.  The ircigated plats prodwsaed 33640 bushels of sweret potatass por acre 1=
compated with 70.2 buchels oo the nen-imicated plots §Table 2. There wms o
i:ljl-:_.'rr:asr: in vield of 2B.7 bushels for each acre-ingly <f ragalon water applied in
1h1s Cest.

In the secrmd test Wilh Deoigrner o 1964, the imigaics) plots producaid
T4 @ huthels of mamkctable pows compared with 1102 bushels for the non-

irigated plots (Twble 2}
Table >, Efects of Trripaticsr on rhe Tield of Swese Potelpes

Bon-
YLy Planied Harvested  lerigated  lrrigeted  TrogMonelred
Enrlyoart 4234531 8724051 2330 k0.0 224.0)
Feldrieth Pl ) 24 B#:53 L €641 L1k iRl
Crotdrush LT FLT I A AT 1460 2 1153
Galariust ff1ES S 105054 L 1112 [ 7
il ush 6 BSSS LOS1ESRS 45 h TR3.5 2.1
flwir 1. P. R. 407556 107 1es 50 1200 175.6 17714
M wCTage 27149 1119 15441+

*4ignifeeant af (M percenr fever,

In 1055 ahere were [cequent rains from June through the riddle of August.
The ol moisture for This period remained mosily sbove S0 percent avaluble.



m— 14 BOHIT CRONS S MBSO M

[Howescr, ibike rain fzilin lace Augasy, S prember and Ckevober, 8nd wpsoil dropped
helow 12 percent availabrle mesisoare adter mid-Avgust and declined shicply therne-
afree. The wvogered plors wore watered on Aoguse 1% ond Sepaember 8 with
approstmalely L5 ioches per icoigation.  The wrigated plots produced 3456
hushels of markeialbby swyeet peinaes per aere ¢ompared with 2955 boashels ot Lhe
il gatcd pitons.

Io 1956 there weac freguent Lglt showers throwgloot the growbig seasun
which coused sharp rises in 503 moasture ;, howeyer, the ofccl: of these ight rains
werd OF short dursdern, Thers wias low coinlall m Jung amd July and especislly ia
Eq:pl-!:mbl;r g Chetealuer {T:LL‘lh‘.‘ k. The iJliEatEd i:lh.':-ls wiore walered 1o Lo,
The iinguled plals produced 3590 bushels per gore ccanpared wishe 1736 bushels
her the oan-irngaled plots, ] herg was g- e pf 17.% bushels per acre-inch
of irAgalwn water wscd.

The gaeled dhiata (e 1he diffeiem seil mobstue levels are shawn (er 1964 o
Tubhe 3 and lor 1905 an Table 4.

Fable 2 Efecr of Piferese Sowl Modsiore Leveld on ¥oele! in bishely per avre ap
Sl otefoey tn 164

Treatrmenl LS Me 1 LLE Moo 2 Culs bumbes Towal
Choek (Mataral Baiafully 194 00 12 18 Pty
Above 25% Muislgie 205 T2 13 LX) 125
Mhowe S0 hdoisiice 214 eé IR i) 41K
led = 415 ns T ns 1l Nl

Fable 4. Eflect of Diferenr Soil Moistpre Levels on Field in bushels per gere
of S Parerees i 06

I'eeaimient 1585 Ma. | L% Mo 2 Lulls Tola
Check {Nulllr:ll Hainzall) I il 2t 217
Abrve 25% BMuislure 2ad ™ 4 153
Abuve 50% bdisture 250 106G L% 35y
Iad &= 0% Ll 1% ns a6

A shown dn Tzhles 3 and 4, the yiclds from arogstin drealments weie
ssenilicandy Ligher Tor wotal yvigld in 19604 and for yicld of 5.8, Mo, 1 amigs and
ralal o Y65,

The dada Ber lewels of rulrogen ire shown inm Tables 5 and 6.

Fahle 5. .E.FE-_'E ;_-._II' fJ.'ﬂt'.r\{'h." ."|"|'.|'.ru_|:|'.-.'| Loovelr g Foald iy Mg shely Per R
of Swred Pordroes e SIS

Treatirenl
ibs por Acic LS, Ha. | [1.3 Mo 2 Cully Jums Toatal
[ Kilmen 297 LK Id ik 376
30 Nitengen EIL L] 15 i 3540
Al Mitropen 214 6 [3 40 353
Ul Mirgpen a7 b L3 30 6%
Fsd & 005 57 2% ns % B
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Fahle 6. FERecr af fhfervent Witropea Levels on ¥ight pe hahely per oiore
il Sweer Poraroes i J945

Tecaiment
Lbs per Acre L5 Mo, L LS Mo 2 Culls Tioln!
¢ Mitrepen 254 12 26 347
30 Micropen 244 Ha 23 239
Al N 210 ;) &7 a3
W Mibepen T3 T8 30 286
Ted (2 005 5k n: [} T2

The £l loan soil used showed no response to levels of nilcogen.
ST MARY

The water [rquir\un‘lunl [Ty high ﬂl'.'ﬁ]l}' 1331 | l!ll:'l'h:‘lutl!i-:’tlr‘l waied fluri.ﬂg iy
gravang scason.  Llswally sweet pidalo trensplants have lile or no feed Cor Bbrous)
racte a7 1he nme of plaming.  IF the sail contains avoilable s0d] moiscare wathe snil
remperaturs above 70F in the wpr sl whers the feed s develop fict, Lthe root
svilemn grows rapidly, whermas, if the seil moisture 15 yery low, the roots develop

P-C:l-.“ll_'l:r.

Sweet prlavocs required on averape of 010 acre-inch per day in the carly
part of the zrowing season.  Thes gradually increased o as much as .25 acee-ipch
ol widter in midsummers | J2pending vm siape of plant grasth . lemperature. homiding,
wiand, and other cnvironmental Tactars

High soll aoiksture levels over a penod of soveral days, 490 te 51 days afwer
irangphantiong - especially wath poosd feedlity, can edose cweet G0 Dlanle o
pecnme cacessvely wogetative at whe cxpense of storage root formaikin and growh.

Crrooght appragimstely 40 days after transplaniing of sweet potatoes, allow-
g the =ml w drop much below 20 percem evailable meistore for a few weeks
before fleshy roof sed, caosed grean reduction v yield.  Alsn droughts 1o the lotter
rart of the proanng season will slow down feshy root growrh amd reduce viglds
af marketabl: roxats

The use of immigation wasee i 1933-10956 prodduced an average increase of
34 bushels of markelable sweet potato coois per acre ur am increase of approxi-
maely 23 bughels for sach acre-inch of imigation water uged.

Supplemental biigation significanlly increased sweet potarg welds in 1964
wed 1965, Howewer, there was no responde of sweel pelaio o nitiogen leveks
ured,
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DISCLUESIONS
Dr. Rogers ;

First nl all, what el iwpes weare usrd m ovoor platls? Then whal ace Fhp bread.
ment: for giving these olher sTiap chie irmgatlun ard the fersilizers? Were there opy
vudations fur examale®™  What welw Che oects on Lhe spll? Was Laere Bny liecebi:enl
in ke digoasr popalations alter [rrgadlon?

Fhr. Herupane'er :

Firs: Iek me say ihatl soid Iype wos a silk loam znal wkdich 43 the hecl andl Tor
sweet pulabe praduciien i our skale, To cepgasd ta pwre swil rotallm sysiem. onrmacly
e Ay panel patatoes Inogae gear Al Then grow 2oy Tesn Jer fwa vescs and cume
batk 19 awers patata whepn we harvest The heans, &g T as IRe S84l oo 1he sall are
renrerisd we have a ralabier Lest kil fzs been ia excslenor Ear aver A years, whetehy
we T e mainboipe® g et Ty e o cotollan O SovplmeE ] invludes sweel pelalacs
nvesy wrae and |oean e rew 1hat mp kA Bake we ave pridierng conpargbke wlalds by
LAASE W WETe JATolurmg in e Gosl yess ewesh pulutges wernss Zoewn i Thal plag
Voo g eleark =epels ab gl o=, gd wg Fave Bad ge dleeygse probilems or o inseet
Plulems gl Fess poarticclar 3tots. When we bareost cor sweet pelato 160% we Luco
e v nia bae cail, We oaave been able £3 maiztuin s sell praducbivicy Fhraugh.
nul she yeas: w-ind recamepen:led robes o Eeelileer 8 - 12 - 0 pes lunld-cd posnds.
e Martis WY covsr che disrRse and [oweelt DEG Lo deTer 1has proflen cnml I'e
CEnca

Pl Mecltdiorpe

I m overy i In sk results becabée Inese 3°C Cracdly 1PE swmr Frpeoof
Pesfoniieg e e e il the Snsh potass parteulanly e lower wnil mocsiare ard
veiiatiosn ap cubems D thick T oway 3Ter o htle rom vew 2 she INLFFPretatias of o
Mt o lesd 1 Pk shere s some cvadeece whien wreuld svepgesl Lhas the
cFevtags al wator Teads nrs: inoa direct ¢Tcsn an rabe of el deeon and Circe s a
el claw o ul Yl rake af Sa¥age growilh wineh leods teoeyilles Inltiarlaa raibeer
sham b d et effer: e cesooralioez The guesdlai [OECpdry wODOL L Sk anow it
RO | gail psie=ure Aelieil Later 0 "hp sFasnn? [k1 you gel iny Txpe of Te-pduars
alin e cEp socond BTawlh Ehal oed Dads oo ke Irale posala? o atheep werds, de e
ract Tulers :dop grownd wed TAEs aith Feqrabatlony 0§ the water csupole stark ua adair
lead A 0 mal-jurmcd wners?

fir. Hevrmgnaeg -

Yos Ll Am Broame @ pery Wi pollem B oyoo Zo D000 &8 vRry 2000 B
mnasbaTe drpseeslen sipge jod BrTedl Erewslh,  peheenguontly when sol moisture hee
caqies ndenuaie and Erovih is i0sumed, bnomapy cas=s e rools coack. This s a
gonetie ciasaeler and we seoten cagldly to climingte corcklpg, Seme wserdilaggy wll
zpat all grer whea UVial cand.bon | peltmatted, ehery will resigl 19 pendi':en: gule
wiell Buc thete 13 R iremeadols varleial varlallaa

Prfasenr Sleppler !

T wopid wast like to eleTieel lor & momenl, and ssk a2 gqueztian mizelc, o 1 may
wWater 15 a lmiling tacler tn many abeay and 1 wauld 1LKe 10 Pt w0 AUCENRE- L0
Bialessop ETehandez,  Whal whaut the quelity of 1he woler on 1ke aatale® LCon theyr
elanel bepeltoon ownle=T And <erpnily. whnak ix che oW oy 00 wo D peafe, WAt
I v powtals nf Wit prr pound v tedls o Lhe |rr|gprc~|‘l vrTSA Lne nan-engaledd
il wa are lonklne ab aa argd 2heTe Bhe water is truck =opplied?

Iee. fiervpnde: -

Ac b Ike yealite of e woler, wWe hawe a YOy good Csperifoee 1o relate Becauae
it ane place whers we have s awnwel polALe SEabinn nure eogating Saree fame aus
wity a sahoity roptent ol threr theesand pacts per millien, and of rouese thal s
prabebitively bigh, lowewer, we %pre ahle 14 Malpie o0 Adwen 1o bl Rileer bandret
=< pat mtlion neine E@hes leerls of water W used Ihis guaiily waire g 1954
by wery Ooudl FesUles Abcut a guarier of the roeds werte =ameeahat ceapanred Bl
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tweal polalogs can ipleTole splins Jevels Lay Eromn 800 up 13 1000 g p.om. AsS o the
aficieney af water usage, [ would ey Phat she saect potabo can ose  Waldr papy
afficiently. Mraw lhuere are several things 1o canaider. Reeneomber | sald ehit chew zoll
WUl absurh a Bald lnell oF wales peT waler atid has's s faarly gor-l aate- absacptior
rale. Mow many f e ewily w3l abacchk much less waler, somce maeclh mare. Mas Ls
sirl] Bed Wwlhar e call 8 ‘plonEh eole' &2 a dapth of roddaly 12 18 10 Imehas, whoen s
iperwlond and I mighl sdd tn what | cald orrHer, Lhpt oy the plods Lhat we lerlgaloes.
oo ront GYsirms peneirated very cerply threugh rthar plopah sele' o paf wpoa.
Howewer, wherg we didn'l iccigate, our rocls concentrared ok the plouzh oc on the
pas dr=a mnd wesE Wmeliing anvewhere biom a Y lv o Y% Iech chick of mailed
Alrads redal gwskermn 1 ranncl give #Ract GEUest Byl Ll'e Lnoréass in yield per oasre
inch was aubte salklarnosy.

Mr. (Gooding .

I rvlee wou saad elatl IT ke so0] comiplod avadlable s050 -noistures the cond syskem
grows Tepiily, whereas I Lthe s3] meisture e very law the raory dovelap puarly

[ was inlereated wa see Lhis obsecvation as Lt bl e wih) checrvadion: s
Fove mad= In Darbadoe. We had oo wiy ol coteol Doy soll inpislure ond we toird 10
correlate yleld wilh reenfoelt, with creey semrils. We theg teok Inlo &ccuual medsoce.
mepct af the cole nf evopuratdon of molrlece fonm o qhe sl mada by one ol @
enlleagues who had ahewn 1Tha1 in pa¥™y of e [8lshd Lhe &vsaporallon rote Brom haire
=l gjopunied b 48 inches per dey.  Hailkrnr arklirarily, oo jechoned hat ta ke
really affaclive Lhe =ainiell -0 any one day wowold have tn excend 02 Ipchpa, 56 hen
we campars? ihe number ol Juches ol effective teinlall’ thac o5 Lhe cxcese ol rain-
Eall ey 0.2 ches per day, Wit WA hmate vield wp Tonnd 4 9bany coHelalion helween
the Nugnred [ar the frse manth and the productiny of fubees,  Ferthorc ae foupd Hhar
tne eftmpt of This ‘Afeclive sainlal’ wWaa melnly uo We esiabisshment of The yoaung
plants. and iy nreas wherp cho cMeelhsy vantall Boure e e At month was 1o 1he
recion of bour luclkes Y= liad Loal sfands of 4,80 plantssapre (elmoet 1O survall,
but where Lhe wfTelive relulell wis I the cegarn f ene ioch during ehe st menth
e slpnds Jinounicd o oanly phoRt 2800 [Refacrs, and $ne wiCitnole ylelds were marg
or leds praaortional Lo the survivnl af the plonls.
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ROOT CROS [N GHANA
— by

E. ¥W. Diskn
Facutry wof Apricelaare, Uiverarry of $ifaa, Leogow.

Cossava, (M ancter afeolema, Cramz) Yams, (Puoscorer cpp) Cocoyoms,
[ Xuntfionenta smmicelotivnr, Scholl | and Coferayia aniguereez, Schoe ] jond
Sweed potalacs flpemore basaas, Poiep provide the maen sootee of caibob p3c e
o a large proportion of the populsmnom of the dmepus, espeoially the mhahgants of
the welter fropacs, ncluding Ghana. When ceccals ate in shoet supply, ai chey
voeasaomally arne, thess rocd crops supply the sole souge of giarbob pdrictes,

Cacnerally, Thuy aFe mool grown on i baepe seale. Moverihelass, They are nof
ke e apnponiance, aod enoeeery picden o wnasll helding Mrooghoun e LT
anc ar mere of these GO g gZH1wT. Thi walal jorwal |'|:r|.'||:|.|..||:li-::ln mousk P refore
|_'|e -:;lr:is.i.dl’."l ahle.

These crops are as imporant as the Irish patato is 0 she Eurcpean as
cumatituents of the duily dict. They can be prown an o vareely of soils awl s p
rule, recpuire or receive Witle allenton, ey oace thersfore relatively cheap so
prewluce, By ey yicld wvery Weavily f:':]s.‘.'-:l'.-_'l. may swchd dp s 12 ons or maee
gt acre, Yams, aboun 5 1ons oF mosc, Cegnyams abewd 5 tone or more and Sweet
|:|n'|:|1|:_:4_'x il'.'-'l1l.l-|. ﬁ learth, <o iFlcrg cort podsant farme. Al 1hl:'5.|.: l:'rl.‘.lFH tau il cur1.'||7||:.-
picld mach more with beiter mopignent and The plawlng of proeen variones,
AL the mument, perhaps with the excepuion of cassava sl yaos, vanenics doa wn
penorally play ary major tole n the coltation of these oM coops in Ghana.

In conttast wilh Chese trpical rool crops, 0 abain high vizlik (afoud 10 tons
per aete ] with Teinle ptatoes {which have Tieew and are still heing prown in Ghanap
under tempetate climadic comcinons, o very high Teeel of =odl festilivy ensurzcd Yy
heavy manureng is cequiced in addician 1a fregquem cullivations w check compe-
tition by wooeds

While discases do not generally sppear e be o majer problem nothe culti-
vation uf the ftopicat ot coops, 1they are the major problzm with the euhivation
gl Irish potatocs everywhere i the world, bBe i the Wmperale cegions or at high
or low altitudes in the tmpics.

Many dizease of The Trish potate ate wielt known hegguse intensive rescerch
hac uncarthed These diseases wgether with eheir comirol measvres. On the ather
hamd, di<zascs of tropical roar crops appele fn he of miser impodance, peobalaly
becawsz ihe depth and scope of researches on these ofops i the rogice doe ot
gome anywhere nenr 1o witat has been dong on the Trish prtato i temperate
reginme. The havor done by disease to aropieal root crops i thetelore fd Tenlle
kncawn angd would esppear ae the presepn, o0 Reast, that the growine of Eosh
prtatoes is a mere specialised and eapensive business than e growing of any of
fwaf Lropics] foob seapa.

Of course, vams, and sweet potaloes have their storgge and  sprowjag
problems bug g0 also had the Jrish prtato, Cascava has its vitgs diseates, Mosaic
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and Streak, {the lakier ot prescod in Ghanad and Cocoyams their root rod, Buol
thewe would appreac oo do less bavoe whew compared with the havoe done to
Lhe Irish polato by Laie Blight, ‘e, Potato vimeses X oand Y, o manlsan only
CR U TR TR

ROAT LROFS [H GHAMa&IAM AGRICL.LTURF

The insparTence of Cassave, Yams, and Cocoyans in iooms of ther disiribos
gon, acreopes and todal annual productien weauld B oseen by glancing through
Tuhlcs 1 and 2, respectively. Bweou pelatoes do nov appess in the wables becaose
ey are upimporlant. (Wills 192 ).

Carsavye:

Cassavl used 10 b gaown oaly in Southern CGhana, particolurly, the mom-
foorested arvas which siill preqduce ahean 308 of the testal croep. Uhe Crop s mow
hewng increasimely culovated in the foresied and savenna areas in ather pany af
the countty also. Lwven as far nunth e Tamale, one oflon sges cassava growing
in senail garcdens here and theec.

It ws penerally The lask coop 1 be planted an retation whon the laed 35 lek
e Tallow, This, howoweer, s not the meneral oractice. and may be confined only
i areas whery the twiwfall s adcqu.alu apdd e aelialde, l|'|Er-e.:|:|-:,-' making it
possilbile for good crops of maize to be taken.

In the drier caslern pact of the comstal plains whers cornpacitively  Jite
niakeg 25 prown, nne ofien sees crap afler crop of cossava being prown on the sarnc
picce of land year afier year, gerecally bor not always, im0 naxed cullare with
legumas, i, graondnot { A reches ypages.) bumbara nuts {Foamdseee subrerrg.
nea} and cowpeds, [ Figed snpeacalota)  aml vccasiosnelly Witk wegelehle—
tomikicd, peppers, okrocs and garden £pgs

¥Yamr:

The yam is 2 cenp of the tavanna area where 18 graws well and pives pood
viglls {Toctn 19560, M5 culiveliom 15 contred arcund Morthem Ashanti, Hrong
Ahafe, Erachit and aleng the man roads leading o Wa, Tamale and Yendi in
the Menh, Unhke cessava. preal care is cxercised in the chokce of fertile fand
for yam privwing. Acrding to Torte (1936) land rested foe abour & vears s
knuwn 10 produce tubers of goesd sive, whereas lands caliivated mnre [regqasntly
vicld pesacly. Mew wncoltivated lands in the savanna are very extensive and growers
crmtinue 10 open wp mote laod Tor plastng. The crop s wsdally intecplanted
wilh waricus £rops, Le, cowpeas, upland aice, vepoables, et

£, rivungdate and I alada are also produced in the forest arpas &wd even
ag lar sowth ag dhe Coaseal Seonly and Thicker zone, the later arca bong where
they were Bt gnecunecred and described by the carly Europran  draders amd
cexplorors. Produchon i these arcas, however, scem o have dechned consider-
abby. Fanng herc are smaller and fower | mounds and yselds ars also smaller dhan
those of the savanpa arcad.

Though the types of crops being grown in the Mortheen (luterivry siranna
arcas wers oot known gl the hime the early Edcopean explorérs were describing
thowe being cnllivared on The Coastal arcas, it would appear Lhau the yam has



I11 - . a2 KO3 4 KitbFn s 1P %

meved socsihwards whers I ound 2 mon: Bevourdble emiscmment tham the <mah.
Oy fow areis [hpandu, Asesesa, Bawjiase and “Wankessinng are Telo in cw
jares e wheoe £ rotaadora s coltivancd conoa cooenercial sea’e. Accowid Akim
Chda wrhere seue TAME AT aluen [Ereren, 1w tllJ"..i'iI:..' (i el and sre 41n|:.' !_1|'{':|:-:|-:'-n:|ll}'
aflcrcal frr sale Aceeading o Tond (136 1he climale oF the frcsc arcas e s
huamid, and 1he suls Linsudlable Sor yams. Thers 1 alsee a0 weell gl swnlem
i seed supply 35 in the savanna arvas where seme farmers specialize in seed yam
proeducting on a commyercial sealc

Ceay iy -

M Cdncssin anl Xanrfosgmg cosoyng are culivated  rhrooaghogt  fe
Forest wone There are four warmtivs uf Ve leraner, and one ol 1he Later (gl
[ 9510k .

In thr paut. Cocavams were plantod a'mest cvervwhere 2feer cleazine vioem
forvst Jun Tarmmg, Teslsy, wheneser a picee of scoeadary ferest i clearcd, $uco-
warren s poing op JM over the ceared apeis, these plirls biveine aoCse frors old picees
of tubers which Dee wears bad been Dvinge doemant mothe st alier e wld Tann
hud bewn abandonsd and thye Tacest bagd rejaesgrsatad, B0 i mol ks Boes Jooes
sech gbers memoin siabfe, hot Weght (19200} aites an interrating cxumprle v 1he
Aburi gardens when an 1930 parg of 3 Funbirnag plot sy ofeared afor 34 years
ol prieth and within 2 montn cocovames spourp &l over che clearcd acza. Proadim-
ably cucnyans Tad Been proving e the siie efarg ihe Famnmia was cutahlmlicd
bt due Lo chading, weed and rent competitom, eic, they had apparency dwd oo
Clver thoess three decares, Boaever, some of the ubers had reraned their i shligy
and ha:d sprooted whem Sllll-l-tliL cenelitivns Bor mowlh were cnsesd, These wwbers
vrovuzed healglee plants.

Im tha colnvatioe of cooopams. these plants whicls S.p'rirlg up un clearang
sconondaty forcst are Lhinved ol when prowing woo trickly Inoplaces, and  gaps
fillyd by picees of sced consieting of portions comtaiming Fuds of the cld sthizene
When mixed cropping re Frr.n"liwc‘il which 15 the syl prachicy, gaps ore et Kilcd
wilh sol grwcoyarng afer chinmong, buc wich otte crops such s nacree, rhantaene,
heans, oic.

When the mamre cmp is dug ap and the cormels cf a pfane remoecd, the
cerntral corm is irimmed diown and Cee remdiniong stuoip planted in the samie soil,
if mek el the sione spot, from which cthe plond has just becn baeeeated, or i i
covered wilh sofl 4o serwee 2= posecd for the nez Q&rlm‘ﬂ.li-::ln.

The copmels which v seed produces A soaller than thoes of The previcas
gerciation, and vary in shape, bring from mund to ovall insicad of flask shapal
Thesz are harvssted ;g sandlar maneee | the ald stumps being wisencd again
o serie b5 sced

This pracess rizy g o zecerauon afeer goaeration till such tme that viclds
and quality of the crop =0 deterierate that The Farmer piees up dbe Tann e
amther, amd the emling peogess slafis agan o e new  farm. Meznwhile, che
abendencd fann graduaelly Becomes over-grown inbo secondary fores.

Swepet Fotarn:
Ewrpl potatocs ere meinly growm in Ihe anderior and coastal savanmre zones,
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grel o oiher pares of the counesy, @l op oo small scele [ s ook ¥EE AN I MRpArtng
roul crop compared with the clhers, The apreacs oo he pae main vanetics with
severdl gradafions in between, (11 A wiile-tubered,  (whine Aesheady  variely
comraonly cullivaeed iw vhe coasinh aceas, ard {21 A purple-violet-tubered, §whing-
Tles ] '.-':irin:!}' mers comiton o The Bt

Aoreages and production of vamous ereps, e exglading e crops, have
mnord el Tromeneloue by T ||'|L|ﬂp-u:1-|:|i:-nr: {19575, and though the diguree in
Takbles b and 2 may nur b correct row, there is reason v belicwe 1hat compared.
with The cher vrops, the seme poroemlioses o leoms ol acreages and yclkds have
Eaen anaintanezd.

Tuble ¥ 5 compiled frian a0 cowsdeywls survey of the distributior of
capenhlure withip the group “lecal foods”. From i, il eecold be scen thin (ke
rant Erea 1-:'El|;';|'.‘1|1|.'r wilk (heir frodes - aceaunt For 27 7% af the c;:,p-un-:jitur.: on
Tescal Foods §re 15082 = 5,46, Al' the coreals and 1heir proddats 1aken oo
sl fer FPOAR fre 10dd 5 255 10 Vol and Pealiry accoual for 2450
and Ii-h 1&.535,

The srnportance of reob creps in fhanaian agriculare and in the Cihanknan
dict canpar [herefore he over-cmpiasisey). Marg i spect on dhem than any oher
Cowcrnhfl Cosdacv alowne 2ath wg pradocty azcaenn for 12378 (AW + 5467 ),
aorn Do LTncpgns 10T ang Seelet Patieooepty 0455 The relalive impuer-
atee vl e jmdedikal e ceps iy s imd i dled,

AT CROP IRYESTHIATIONG 1Y GHANAG,

Qeepite their impoelance, snd the Fact thao they have lcza cullivided i
{hana or a T I-:'-ng rerand, [hee omeensl orecerd oopfredociepn, X _-..:z:;-|rr|'_|'r_|1r'u.-|-1
hiveitg e cultivieled Tor aver o bondoed scar: ) with the crmepoon wf ciseava
and perhips yims, these o coape have pet amd ane mot reccivemg, the rescach
:|.Il:|:n1i|.:n 'I|'||'.':|- deni v,

Hescarch wnoe abl these B e which was stared poord shogt 1930 h-!,-' the
theet Deparmert of Apricu'ture i aet heen %opl gome Toe all he eoepa. In
Fact. research &ork an swen pedataocs and coeoyanis ceased as (ar back an the
garly 19%)c and ke cacly 1540 tespechvely, and has moc since Becn roviveal.
Active research on yams alae ccasal sduvioe the 19505 Lt Nas b 19 be novieed
recontly (e, simee 1R5RY prirmarily becouse of the ereat damace beine done 14
U 2rop by the vom tuker beatle i 1he maia proanng arcas. The work om cassavs
has heen the leasl ilciropled. Except for a 6—pvar break from PP4R to 1954 i
e il Beitp continued.

Eweer Forete ;!

The only spvesOpations oo Swesd pelitoes i Ghana on cecord were (i
teeline of mereduced saricies o) Kpevee Soaaon (Anon 19317 and Ao 19353
i 1931 ard 1932 The mean yic'ds of these tnercduced yonetics over a perival
of fwn years are piven below —

Fhr Simowecks 5,174 lbsSecre {fi} Red Vine |.EX) Ibs/acTe
{271 Brook's Secdling 3,995 o {77 Palime 1.737 -
£33y Trnmadalian 070 " LEY Whie Segly 1.637 .
41 lack:on 2 B .- {9 Brook's Gem 1,574 -

{57 Camwline Lex &.511 - {10} Hed Nur 1151 .
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pafatab:liny tesls Tpwnd Red Mul and Brook's Gem, the poorest viciders, e be
ameang the besioin Aavour,

PAan vatemjas ware mireaceoy] e Aherj Cisrdene i sheot 1933 Fresm il
New Sounh Walcs, Awaralian 161, These were (1) Yannog, 121 Paera Bigan,
130 Poersen, (4] Manpcy [lall, £3) Yolhow Sirasbog, {80 Southem Queen, (7}
Achbura. (B} Vireles: ood (9 Trivnph. Mo orecord of then performangg g
iwwing lable.

In is ot clear what happened 1o these ameoduetaons. 10 s nat une record
whether 10 nat the besl vareties ameng dhen were mainlamed and given .o
laemcrs, Whouped s Lkely thie migh base been done, However, with Lhe passing
of 1ime, thay huve 2" bocome mised and disappoared tugether with any wseiul
informption that anighe ave boon accumulated about ther. The present positon
is thaa 1though many wincligw of sweet proalins are grown on oz small scale i
the coumtry, theie namcs, viclds and othee gualiies are ot widely  koown,
Farmees erow what They bk or owhag 1hey can per hel? of, Bowould howeer
drasy that 2 vaiieny whose 1nbers Wave a white <kin and 4 while flesh, sanl 4o
he of “local” origan, = ey maost gsooke aml ot wadely prown ccound  Lhe
cowstal s, and anocher, wih purpz or vl skm and white Flesh 3s the et
popular und widely cyltivated i the Nocthern and Cpper Regions,

heck {I9RT1Y aabiserveed varns-hixse L PIMOASa THY | PRILEILIC m the Ak
Alvaabwa dizegzi, This wae laler conhimmed 01 he a virus disease and was nmiosd
in [_'Il'.:l'rlnf_ wWirn4, aller 1he nEfare of e A0S,

b owan scul 3o supznlicully osomble o ciros discase ol Swert sngarees Lageed
i omaina oF Exer Alrica, Coppo Loepuldsolly ) and Ruande Crandi. The vecti-
Cilvor was Togngd 161 e she Alcaneid Ty Sewosea fuebaer Sieon,

The vl okt awed daoaee W the cpope Dics el yot "awen sledaced,
Flubohly beciuae the crep is pal sooimpeertant ab pre-cnl, I would indeed b vy
hnlrnriqinl: fov s e Troma e Wt Tndoe o the Soothern Dot Seale. wliore
Euorrineh el poeataes are Lullividedd and ciler im yarangs farms Ladan e
eecarch sk wkFiplwwrver P:-:ill;-__' Lo e s TN arngd thiat such @ smieil
amwaun ! 5 culosated in Ohana.

LT I

Eescarch wrik on cocotanr wis mainly oo fandd ke coosal crgmion ol
the conrod of a disease Eaosn as rood rol, Yeright 1930681 repocied hizr ehe
wre ata2cs el the dizease wos irsd obaersod o Wanhae pear Thda i [9ES |y
Lipde, whi in the ghicnee of uny athar demoo-drakly -::.rl_:ilnif-:lrl ;_.ai'qlhl-;_' u Cilg<in2
the hinease, sspecoed memanedss b be che weabakle causc,

The diseasr takes ahe Bormo of 2 wet rom rof, wilting of  leaves and the
makahity fos Farm aPors, DdBvansd, 0 osevsre cooss, by deith and potrelaeton of
the conre plam, To may appeac any tire oicr paning The spaouting soad™ ny
never push a sheot above thy seil 5 plapt may nake on cxtremely sunted oneslh
ar may die off. after bavisg Becorne well established. Foowell eaahlisled pl.:n -,
semplams are 8 faccid appearance and yellowirg of eaves, Chlornee pilehos
appear ancd ofen e Feaves hoerne accacked by lesl sponang Fomg, o g Oledee-
e ire coleganiae. Phpltegticta colacavue and Iy owoedlly aphids and  scale
|n~:L.1-= Rewals celvbve A d'-.'lli[.'; back ncmmpam-_‘u] h'-.- iL |:r|:3|:k|=:|!|ng necrss an:d
wet ol Arxeacng corms Gire wswally  coated  wich a tppical mseclial felo ol
Bodseranyy mip g,
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In 1926 Wrign 15300 fuend the cadly stapos o the chssgse n ather
paits of the Turesy aene and wloer several investiganions concluded than the discdse
wis physuslogical, ciagsall iy o ':l-:!-l.:il.'nc}' SiE Puriaisoome amd thua il L RS
luwnd areaeking 1he webers were soil saprophyles and only became capahle of
wttacking the quet when tha planl was o oa denititated sae. He recoomme ngad
the Tulluwimg, eonoigl Qcasures

1) Coonvarns should by cctabbshed on virgin sads not previously used for
Fanl ek,

(21 Busi bl e araw ofF and ned only eut dowa and cleared away and
Ihe arep be Therally moenured wilh afl availalte woed axh,

{37 "The headfth af e cros ~hoals e oerven g b moee silenton by weeding
e Fregquently, with 2 niore sharewsh bush clearing simce the crop
hl:s sunshine

4d1 The prociize nd cropping oll e soit Beecame cxhaosced <hnuld he
wswdizied by reducng che queser of bmes o crepowad take T e
LT Inhis {ilrrl'l.

t1 The costons ol planonge “Seed™ o cractly thy same soil oo whoech the
previons canp bad jeet e aben pes 2 aeiced g owiell g The e
Lopnnin aller renciatm 1l e =i uld atooias g secd ™ sipee
this proeclive wors brand ke praell moseed depeneralomn,

This disciie 11vestigation wors was follewed up 2y Poesaete (19451 whe
found vt a, il

oy Applicalion of el 83 &ied rat redese the incidoner of the diseane

(21 Rocueice of all “wild” cogesious emmetizbely afeer hush clearing el
ther phating heahiby scliy dvkisved] the vy of @ dmcise s0 1hit a
crup rne1l beoabuined.

123 Once infcted. plasts prehr cirsy the deseise and falest tie 5ol

(d1 The deiruce :|r|i__:""'|1. he cared h'_. coind el sad boen sodpce <y Alized
ard ol Teods Temuegd.

150 Iowigh Beorrawsnsitned Ty powily wubloog sn cxtroct of - apparentl s
heahby rews Trom dicised plarts with carbaeondim pueseder e the
reods nE bealttiy aliens.

(51 1c gl alsn B2 wransminied  heauel Teaf poetioles erafled tozether.

He thoreluey saprested] thit “or Tup®er invrcigaten, the primane pathoesn
mughe fe comsideed e be aovies whach alone cioosed Teeions on che eone e
remdered the prant susceptible 4o a samcly of weak puradites citen prosent in the
sl

g far. as the inhor is 2ware this Tine of  the work has nel heen Tallosed
af in Gl sinee e puliticatnm o] Pospeiie’s paper. The ecomomic impenance
of the Jisrase jsclf is not very well koowen. [ js pet very hkely thad i1 has
Anclinat v 1 cenerity amd i onn lanerr Af eromomic iMTOTEYCE
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T b vcarhicr wenk, Wighe {79300 bl e yony 0 Lhy 1hen avarloeale
Coe i me warichwy wits rosmbamt ke the discosg, Mow inleadncliong were el
rnade i 1937 wed 193R Frorn Hawaii, Sierra leone, Miperia, Trowdud, Pocrie
Ricie, and the Famsma Cimal Fone Almost all these infreductuons succumbed 4o
the dizcene, Heawevir, nne spsecien XL ceedoce cm vin, Yoanha Paling rmesecd 0o e
vory re<istant, bul wnferunacly s was nel cdible, Twa other varieoes, Lonbiche
and Moeado peoced more polorame hao the local 1ppes, but cheir nileranes ws
fcil ‘.IJ'"IEII:‘FH:,‘ high L3 he af cgoneme valoe,

Weznwhiloe, l-.in[;l;" |'|1:'|.n!~: sl varichies hpd semehimeos heen cheersed o
shiad wnafeencid white the rest of 1the foom soccumbed Lo the disensc in the
;3-.5.|_|J|1|'|I:i|1n fhat lvd mgations etk unpeonatie in Lhs sperigs [since My
warelics wee oo Thoueh true seed b2 eavely fonned ) Posncwe | 20457 corned
gl trewts owery 31 [Fants el Irom eninlecicad sormels and conchalod] e
nctividuzl plant selection among lecal wamicaics bad  possibalitics. This e e
woorrk 3lwey s med hoew [ollgeesd as 1l

Ivarrtte (19457 alare rn'-.'L".Iig:l'l-.l.:I 1Fm r'l.'!'\ﬂ‘.1|'l'|l1'. m pnicho=ma qrgs <aed or
Fvhrid satn purpases. When prewn wndar Lohs shade, be foound 1har the Dol
cewrowinms Mowered frovly bl meng of e spathes s seed, A consideraabe smewel
ol hand pollizinicrns hoal af seli and cosra —was duse wnloun soscess, e of
the miesglocad fnes Howr el

Whate mvoanizaney the discase, Woaehe DTRMRY A% <tmbed the Yocal vang-
s T Fowengl five e ren [ af wlich [onnr weepe worickiezs of X cppanfolens.
ancdane, ooty ol 6 eeereantion, A bzse e dosenibed siimg degrel -

Thex nurne- of the sapuniBalidm vavictizy are Siven in Twi ooy

F11 Amankam Faoor Amginkart Kakon-—Y5h poeede pelialzs gnd pink eibee
The prost canenn wasicoy zael o
poestns all b lesicabily cogbanye qual .-
bws of bedlure. 13s3c. cle.

21 Amonkam Fufan “Yere wimdar to Amankoos Fa, |
with veale prarplz peticles g9d while
tulure,

Ty o Amankan Fra —Ahese aneal pan: reezinhle Aenon-

kani Fulue, bwr ahe p'rt i sumcllar
and mate doficare, The aohers are
wlhie sl e vormels have sover! cure-
cipiclizine

41 Amonkam Aniwibn Perinlag Wy pale asecn aned ropmels
pink wveee-irncteid T he eertral siee
ue e varicey is ocdihle.

To et oF Oadinegrcariare is konsden e Kokooan Twi, B poliane leaso oo
sdpreerlas by pales aeeen pelan’es. The rubes ans owhite and smaler thape thy
Avcvenbemn vt The conte” seen s edibles A ope 1iaee ™ wos the Tisooring
wrriety, fuat s mews selFam endlen ewerpl in sases o7 searzav, e gL s vy sl
s profermed B ool mesn aamd s sl oo ccnunl af T s PR FE L
i b e bt Top ok 1 Boges Bclore i beecees ailible s comemstrenl sl
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the 21 oumutss or su requiredl for conkivg the Aanankam varictics. Also unlike 1the
Armankani varicnizs, s rol cuatable Tor futo,

Y.

Resvarch waork an wames sattel snenck abeun 1928 ar Fjorg Statn, (de Coaf
PRI wile the vollectnm wnd classificaion of culbvaned vanicuics i Morthsto
Achionti amd wiEl ooz noea ﬁ-r-l'lng MAhafe ard e Poodocio;nn off sped pame Eron
eale varehnes for discribution e farmers.

Aovery lorpe collection, amowntmg 40 several hundred varelive was made i1nd
i;;il.f-‘ii'rl.l.'l;,'. Abaaal BN rodundsir and 133 alafo vacicties were classifiod. Thl_"m_' -.'ilrin-
tig are il baing mainiainod 2t Ejaes sthen bol wilth 3he possang of lime some
of them have disippesned. The eemaining variciies i the colleelion were pliric
a3 Kwadase, 1he main rvseacch sdationd in 1951 sa as te etilate funher observations
wn them.

WaricZal and ather thals involvire mainly eereidere vazislics weoe sondocied
v scsvert Apncultaral stsignx gn the coemey alaowg his gme. The staticns
encloud el Fpue. Weachi, Tarpak and A snansd

Fartedy Fetals, In 1932 1rials invelving 15 lacal reruAdeia eanzlics wore
roanduceke] L Fpeaa {Anea 193312}, The varctiz2 were Deonet o o iffer #n‘.:ltl:.'
amorewrus el angd Bkt Youcled ranzedd frop 1% Lone e 4tz oy per acne, Pasadd g,
Lilize smd #arp the roest conziocen! s srvwon varoelicn, all vicidald &' ooos g sy
oo amdd Pogulimehe wTach wwerr of fhy word gualiy ps remireds 13- vicded
A e fend 2 wed poer aene, reepectivele] bt bath siaged ez, The be-d varietics m
respocl of 1as1e. Axchayere smad Lareboke 3lo wichled only 0% tenz ond 2 paog
e, r1."-.|:l|‘.'|:I|.'-'£|'_-.'.

The esther varigly rad on recund wis conducted ol Ausansi statiun {Ansn
IYAG droedlving Bovanetize, Yields stach @ers piven per <21, fand mel per acre)
parecd e 1253 MhE, oo fUBED The, The iesahs wers By oo ocaps copgluse sipce
thi= wai mA @ foll scale 1nal, and plot see wite =mall in addiicn w maey pags
belween plarLs.

Clasering m enepaett or ploise owe righes . Trial were coowdnzied ar
Wencld ard Ljuza suddiers cemparing the vacld: ol coms plamtsd on ndies with
thise plomied i the irudslsanal Wiy, maunds, (Araa 0353 larce Giee
plowers wore wied 10 moke ridges of saoa'ar Si2e and spacmp s taronednds

bapndes ar rdaes al & apar weps Taurd 1o g the Bes viekle

The probfeer ol staking berenees acete w0 mechonicet coltivativr, Al
Ires: gme Telead ool :~I:J|'|1|.'|l:“|.1 ard stakes hinse e by [T wb:d  whereas i the
traditienal way of cleariag, Farmers ey womie Tive <1akes in the fopm oF pnfslicd
trers hewerswer, siace the mdpes are sweaight, an overbgid hnz abowee dhe e
suppored ony by o fyw stakes @l mereaals i oall thar would be owegeied. The
wives cnald then be ngiied oo Lhe lioc.

In these rals gkt From Adpes stabed as dessahod wera g gnod, 0F o
bt b these of Tarntees, o) labaur was considerab'y redozzd  Tlhes mcthad
~f planiinge yams on ricpes 15 il Beng praclised ae Ejwa and sher agricoloweal
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Swakikg Triuly caomparing staked and vnstaked  yands wers conductod ol
Tomelz {Anen 193 1a] apd Komas [Acnon 1934 ).

Treatments cangesd frome an saking i stakes of 13 high, In belh experi-
rscrld eenrzll yelds as well ac individwel luker size sneccazed willh heicl of
stake : from 3,605 YhsSacre fur po gloking om Toaboco o0 Tameals, b 10568 [he ¢
sere—ihe average wields of & varictics ol Kumasi for 12' svakes- o awa) 17,274
lossacre for & stokes o Dapam a Tamake,

There was o streeng idhicarion thal the prebeskle i of Beishy oF supsaring
stake waa nod reached since i1 appeared possible thar Al cveaer yiclds cngld e
obained by using hogher sakes Wrown $1937] has ale reported sinular rosulis.
e soprssicd than weed competition might e mare severe nn unslaked  vane,
hence their lower yiclds,

Serec o vam plpnts s Abowr 790 plang of 6 ovaricnes, were plgaled for
nhsarvanon ar A<oansi stadion, (Hinsen 1934%, 54 produced no fiowers, 17 heal
abrrurpmal Mivwers, the sex of which could ool me detcrmined. Threy izt
Racafu. Avirbal and [idia, wees erlieely Temale varictes,  predfusing pe mads
Fleawers Puna aes probiably o ma'e varicty and Unnomed aned Akokoa pesadweald
a miiture of male and female Newes.

[1 i= WETY 1|n|ik|:|:|r that farmes had <2lcated olimis h':.' f!;umilrl.irp; Tlwweers,
the <ale wecrzsh being i the saaber and othee eharaciers fach sy cathinese or
Tatencss imomaturty. kool sice, oncseeoe ar abegwce ol prickles, eolc. 79 this
Evrashesis s true, thep i would mcan that meale and Semvale planis mighe hesy
prﬁdul:{'d dilferept charsims heoes seleediore h1. larmere hpd resuled in ool
e male or dermate plarts. Where the 1l|1flu-:n|:" af s fad ne 2fTecr on |_'||.||1|:
characlers of wilye n selection, g '.-"||||.I_'!. g |_|1||_. buith mate and [vingle |'|-..1'||,'-.
hod reseled. Hinsen (19347 obser-od thor malz plands  preduced lews Toljage
than Femile plante, in The LHT Y [ lwnaine,

[_Jnf-l'“lr[l.ll:.:ﬂﬂ}- no Iale p|ﬂ|'|1. pr-:'.u:lu-:cu:l |:‘:-c'tl||l:'n et e [emals cocd _r_l;crr|'|i-131-:'-
A this 1ime Hewever, later gorpipalion experiments with oarae vame soed T
Woaller (1998% supeesicd tha seeds might reguice o dormaney perind bofore
rereinatine. Though i was pod od hiew Tong this dermaney period dould s,
it wis apested vhatl plcking the seed and dipping it oin alechal [er oo breel
rericd wauld ephanze pemonation,

Sommaricing the reths ol erchminary imeestization: an yam wced feenina-
tinn in Migeria. Waitt §FRG) has sopgesied chat when the weed s haresst rite.
HEEFSTTRE U1, j_'I:I'ITIiﬂi.'I‘IiI.'E-f'I I!'i[!n:, oo the ertbarva wes gmedere, The hareests A e
wonld reauire cortair condilione of ©1ne and dafdticny of araee hele e sormenotion
cop'd ke place The Faosr mermenat e pereenbipss woe e ohzained Toe 13 rotaoaata
arnf f1 denzeste ey sced 19 prpninaticr fipeses worz wor aled1 plented on she
apeface of charconl.

Woaine (195 owaio ceporicdd lacer had o sinraee periced of more thir 1hees
mnnlhs aas regpered durng which the sodimentary cleyo a2 hareesr aoull
Beremr minee, Socaee oader dree eevihtme s leipd 10 ko bellor thian 1arina
cithzr under mcm condizicns or undes low femperacircs.

Bovenl wmk  (Dho 15A%) op o bwo edaondaa vaticlhies  comliemed Lhe
cmbryonic immatericy Repolhesi= nf Woier, bot foporl ihat ac leasl For 1=



LHFEL KOHFL CHUES 1M GIEANL 1l — 49

varivlics roncerned, & vorpes period of two monthe o rome f0mperidute was
reguiresd. SarisTacwr sy gernmindtions (betaecen 35% and 5L0% Y Tasted for 6
rnenihis afr which there was @ shap dechne ;o geervinationy. Cermination 1em-
poratures of At 3570 might ot anly enhance germinolion bat also prolong
the perwod of “satekaciory™ pemmination.

serdlires abtained {rom these sy prodoced snly sosall wbers afer abeog
9 moartha, Thess wore ueed a5 “seed” yams fur plantieg in (e normal way, The
resuling planis snd wkers sesernbled the parent: Eram which the tree seed was
cullested. theepgh The tbers were stll shylly smaller.

The hinleg}' af |'|-:1-.=.'|:ri11g ael |J-:‘:l||'i|:'|:|1i-:1n in Tilms ks g wlwle ooed urpcnt
sy, Our kwoetdedee in this Reld is vory scanty indeed, and of we are o effect
any improvement thoeash beeeshag, e such knowlodge wauld be indispensabla,

Ferrflicer Triale; Toals theroghout Ghana cn varagus Craps indicancg yhat
gains 0f 3% e Z0% im Yield could be obtained na wams wih Swiphate of
Ammuonia gl rates wangang Tram #Hbs per acre o 120 I, peT agre depesdiog o
the clistpict (Tatte 1956 wnd LEvans 19517, A more cecent recoimmenda-
tn ju 1 oz per vam mourd of Superphoschate and So'phale of Ammcsia n o
L' misiore gpphedd af rlarting in g drill arouad the oousds halfaay down
(Wil 1962y,

Eideer on e Ve tater becder © Wor% op the Yam fober beotle siarled
round abunt 1988 (MHoahin pesosal coamumcation). The species imvnlved s
Hewrodivus rreles. Bil'h equal A efaedrers. Klue, The adul feet'es Feed on the
viern s e gmed provwing Tokrs o The soil, The feedog Boles ane generally aleag
hig <nouzh o pccommodate the insecl. bl whers the damage is great yhe holes
gry doeper. Whon many beetles attack a siagle fuber, the feeding holes coalesce
and 1he tesultng Wkt s wnfll Tir esting.

The beelles S TIE] fLe [ram 1heiT |:‘:lr-.':|:|ﬂ-||'|_g Brcak aroUmd waker ~uToet 4;h||ri|1g
Bie Maich wo Moy, TFhey enter the mound=, {red nn the tubers, matore 2nd theo
Ieave the mowneds w Ity Ceaher and Movomher 1 breed  away from the yam
fichl,. The egrs ure toid in Qclnber-Tebruary,

M lahnratory ebeervarume, the gpps were bhd singly in the serl, and a single
tezmale crodled Ly aboun 20230 cpps doring a Tife ©me. Tacokation peond was
from 14-18 days and lapval perisd, 7O 0 1648 adiwvs dunog which time mouling
ccarread thoice, Tl pupa? period vercd Teom T ow 20 days,

A =carch Toe cpidre] measures has ostablished thoal seed yams treatod weoh
N.3% Aldrn ooz well prodecied ggains boetle doamage ho ot spspeecs the residuaal
elMect dees 2ot loss e cnowgh, 3wtz treated ard soem o Blarch ae well
prtecial, b setls sowwn it Theezmber-Fehrary shoold ke greaed in March, by
opcnine we the mownd ond spravioe the sens amd the soil around with 0.3%
Addrin T s methe thoogah ledious 5 effeolive,

Tip veepnniet o Voor Froduceion @ Snme research b= harp made into the
eormsmice of wam oroductiom in G, (Bray 195E8F. This coop s one of he
lew Tulve eonwmeicinlized erors in Chana, Te the major prosducing ates, Farms arce
|._'|'rg|.'_ the et Tarn «i@e of abol 20 acren, tﬂngi.ng from [5 to 30, s kot
large by wrospical standiords,
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From 5% tn 904 of the gross farm ineome is deeived Trom the sale ol Taem
pro<luces, yama being the maejoc ceop, and others like maize, and rice are prown
B supplementary crops buth by gnerplaoting sl as @ succcssion aop. Muocl of
the work 1g done by bived tabour. though a Barmer's Tinendy may a'sa help on the
farm. Labour is paid for =arly i kined and pardy an cash, The aeeriee coie of o
hired lahoorer is £33 3 man vear (230 days of T hours wacht, The mean Genily
incwme from viom productiom i estimated ot apgresimotely L1356 Foooa Family
wput of labsour on the farm of 4/% of & man year Sooee of the ferm pradege s,
of course, conspmed and thiz 15 difficolt o cclimate.

Avaraps bilods are esrimated at 5 woos per acre wnd the dispesal of yam s
calimmated as Eellows - —

Spsall useless fwber L5%
Used for 4xira secd

(vl wise wnsaloable ) L&A
Srelen o elherwize Jispased of (R 1L
Coverage for kasses in imansit 1%
Fat'are 1 spenul sra
Mamapged in hareesting 56
Totzl unsafeable fill %
Baleabls A"

Thus 600 porepcds ploted da the oo
wield puodoce 240-280 salcable yume per acre.

Carlei.

Like t:ilx:ll}'amﬁ._ mwedrch o wcrk an Daseawy o Chang was smed 10 dind
cer Brecd warienics resisiam to & virus discase, Cassava Mosaic, arsv ohseroeel
near Acota in 19234, and had spread theoughont the main cisavia growing ancss
by 1934

Caseava had been in coitieetion In Ghana for ower 200 veats amt hozaues
misny wariclies lower snd <ot seed, nomerous Tocal viriclivs bad Baen duvehiped
ilwouels szleeion by farmers.

Almast all these ald wirieties gictd o well vzt 5 By per acre, have cood
foud gualimies (Eulu apd ampesit aad o safe lewel of FICH (ie. Tese thoan 30 g,
par xo. fresh nl], I:I'.-:_1|,|§\1 somee wanclics oy e’ mbers 9 these chacacters
prohishly DBeszuge cheye were difercrd cmohasie en seloction By Farmitrs e
different arzas Upferiunarcly, all chese varicoies s Jdnwa heasily sl the
virus hiscasc. T sherefore, bocame peovssary e onle e Bad oor Seeed  casiclics
wesintant 1o the wim?, but abae e counkine this roesistanse wink the high :,-irl;_ls
net gpowod Tood qualivies of the old vanches.

Asa preliminary 1o breeding. o lasge colleeion of real, aml cf pxar oo vario-
fes [roen Tonidod, Brinsh Ceviana (nowe Ceovana’s Waoritioe, Biea, kerwg,
Siewe [eone cnd tae Camoranes Waesomde, Tleas s imer-planied wiry o
cperoplibly warigty n held fia's o Aaricullura! Staamns, Derothe eswessocnl nf
their resistange,  Socceptibiliey  of sccdling: wiss swwssed by prafting bods ol
itfected plaats on to eoedlings, or gealiing seedlings oa 48 wfectad plamis
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Mechapical wnoeglatinl wae pot sueceslul. It wie realized thit ET;\ﬁinE oove
absilute reeehr., Bl wa. a1 Tenl gui:lE e el |:'u1!'i|:’!|rrr|:|.nc|!. Apart from Lhe
mtrintic ahilicy af 2 plant 1o Tesise infoction, there wece olbher exfermal felnTs
cuntrodling marural infecunm which the artificnl mechods did net cater for. Since,
heweser, 1he clepent of chance wis prealer in watogal field infeciian, the prfting
method wirs used B & check on ficld perdormanes when a varicly's bebaviogr
Wedhd IRCONSIRICND.

Ao pesel il several crosses and field sy, two hybnds namely C5) amd
C2R2A were reeonmended as being bagh yicKing, of geod tasle, aed  highly
resistant bnomespic, 80 Tater wenl down wilh the disease and wie eepliced by
Waritims B a3 sebeStion frem an imroduction om Maucidics e hiel wis Lner
pnamed Arkrta in 1905 CHEIA way also Tater mamicd Chracen. The vawlies Gard
ancl Williaans, also solecbed from erosses. were later added to Lhe mecomroiended
lise, LvFeepdonmiely, vhe mreole of mosg of Mese bybrids connen he oraced,

7ar had the hiphcst mesaic testitance and was @also the highest  wielder,
producing sery Garpe e snpelatable wbers hiph in starch content. 16 was reeom-
e lesgl '\,']:rui:iﬁma"}' [nr Sarg wwd =larch pf-:»du-:ti-:rn.

Gueca was an all purpnse teps,  hiphly cofistant o posaie with moderate
pichds aml palatable tubers,

W ititasms, wermed  afler the bresder, wae the mnsc palarable waniey with o
For amnooar of mosaic resesiimee sl encadeeane vickls,

Adnrs was :|_|-=|::- 1.'L"|_'_-_.' '|'.|:||;|'.ﬁ|.'.||-e.:, |'|i|_1|"| ':.'fE'll:liug wi'lh i hit:h 7|:15:|ic TREsElancr.
Sevweral cumines of this oeariety were oxtensively qistritceded o all pane of b
councry and cdher tars af Afdica, be. WNipzed, Bast Afoga, atd the Fieestons
rubher plamlativon v Riberia.  (de Cealt V000 Tiopd-Willians 19371, {%cld
aml Feskstance lipurys Top giecnl.

Theee vimietics are il Beine grivwn by mces bt are veéry mueed, probahly
i it el ol gecidema? |'|'3,| ]'||:||.|'.EI1|I."'|'|=. willh okl varieties. Becagse of  Dye
bezakdown in warictal Duciy, rToan mereasy i the simalence of the mesaic visus
gt 11 becamr more -.-.n:le-npn:ad 1threnach Lhe coualey. all these wariones  hoganae
very suscepiblz o the dievase B <uch smoesfeAl that they  ate pow gscd oox
spreaders of the discaseg o Neld enals, Aokea, by far the most paplar and wdely
prwen warjety o e couatey 1adoy, however, still miuntams a relatbeele bigh yicld
af bBelweer 7 b b0 fons BT wlTE tor 1'.!:13|:'|:|h|!|l' mork.

Wah ahe death of T. Llavd-Williwms  (Tlant Bresderl  in 1542, & O Ae
Cirafi. his s<islant, had 1 continwee bis waluakle work alone oll 1948 when e
Tatger wiss piven a T.ow assppmepd. Work op gassava wes thereloer disoemtinued
1 1754 when 4 new Plact breeder was appoinied.

13y this ime, resules of werk in Gast Africa sheore brecding had beon cone e
irmed cnocesistznes to two vipws diaenses, oonsdiee o brewn <reak (1he latter
Pt onel epctent an Ghoea’l were heginnng to be kaeawn [1 has hees eetablisled
earre 1t no vanely of M. eernlentg was momelaehe ressiant i thie g vy,
Reosistanoe wias ook i other species  which lacked 1ihe Auberouws ones of
M. peeaddeerre 2nd sucoossful fplor-specific erosses guminmng cesisbange with the
desirmkle chiraciers of A, csrulemea Tiad boen oblained.
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Fesigtance, however, w2 mol a simple presence or absenos faclor, bt
rariged froan very laph resisiance o zosceptibitny wiah all greades o between.
(Jennings 19637, Ther was afso i streap seugpestion that the ideil of immonicy
enght nint be reached, By thal bighly resistam clones which would be saliafactory
in respect of other desicable charwcters could be deyeloped,

The mosaic virus wits also feunsd 0 exist in zeverl different strains and
Uere was elways the possibility (hat resistancc, oven i a highly resistan clone,
might break doem end hence o high wiglding, swsceptible bt tolerant vaciery
might k¢ & boner niroposition.

There was agaty 5 srong indicalion that 2 more wirgleno strain of the viros
wis Al work in Basy Afrka since all nesisiant watienes from the West Coasl
Immediately went daown wich thy distase when zenl 1o Eost Africi. 1L was {hore-
fore deckled da ohixn some eesistann metestal frone tha pact of Afeica lo improve
the resistance of Ghanaian varietss, [ SMoliwen 1955,

Ooen-pollinated sesdls fnem nosistant clones (hybrids Between M. elaziown
and A, ercecleniad) were dhercfore obdained from the East African  Agricehoral
and Fnrestry Hexearch Clrganveaatiom at Amam, Tanganmka.,  Selectrons [ram
stedhings ralsed foom these clones form Lthe basis of recenr bresding work
Chana, wdrich inwolves bybridizabions bovween seleeted glones feots the Bt
Afriran material. and betoeden local watpties and the East African meterial, 1o
combine high yields and pood food qualitics with high resistance to miosaic.

As p result of dieect gelestions from the Eact Afrcan malecial, dg Eollowing
culstanding clones haver haen obtaimed nrimEI:r- WELLAST, K A2, K .AED snd
K. 491, K757 was sclect=d in 1957, 11 ic the most tesisant clone so far, s
percentaze Tosistance ranging botween TO and 900 Ing wicld is rather bow, ahout
3 tant per eore. The tubers amm very paluabls but of poor cookine guelity E.162
wan lger selecten] o 1937 Ts resistance b mosaie is hebacen 40055 10 &% a0
yiclds abovl § eons per acre, The Subers are modecatsly palatuble but of pear
coaking qualing. KAZY was selected in 1057 from a coosa between twn clones
taiced Frons East Afocom hybrid semd Tos miossic resistance is betwzen 15% 0o
25% . In s very viporows and high welding , vicldine wp 10 15 tona per eore, with
peTy paletable and gocod couking tubes. This is now one of the recommended
vametios in Ghaoe. (Ankea is the other}, K497 15 an open pollinated selection
feam "Tree™ cassava A weiphe, Tis mosaic recislance is hotween 58w 155
and yields wpr e |0 tong oer ecre. The obers ace moderatedy palatable and of
& veiy pood cooking gualiny.

The pafmatalivy and cooking qualittes of 1he wvancyy Ankre are shll 1he
standard by which other varieties are raled. Only K 4%], and K. 680 come near
10 Ankra in these qualifies.

A hyhridizatinn prxoamme 0 combine the resiclance of K. 357 and K. 162
wilh the high yiclds and ather qualities of K. &80 and Ankra Teine wndertaken
by the Crop’s Retearch Tnstiete al Kwadzta, Kumasi, is now well soder way.
Unfortumatcly K. 491 does net Aower and can ot e wszd n s programme.
Rrsulie hove so far. Been very encnurazing. wnd high yicfding, disease resisiasn
tlenes may Te obtatned e the #ory neac Twture.

"H = Kwaldanr Numolsr,
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M has been known for a long time thal msislance to mosaiec ia guorongly linkod
genelisally with low si¢hls. In fam, many deciedes of atiempls (o combine high
vields with bigh resistance lave oot proved wery successful. This combinatnn
laxis fur 3 Tew years omly, after which the vareties become swsceplible  and
probabdy, go down in yickk as well. Ow e other hand, w Ghana an beast, 1hece
are many high yielding but very susceplible local varstics, the most cutstanding
ammyg, theen Teng Ankea

[nvestigations int plant characterss associaied with yicld hawe jadicated et
at leass, v some veretics, Whe ability 10 cetain & large ovember of leares snd a
larpes preen stem area dumipg the nnst fevnuralile sesson af the woewing peod may
b mare imperanr then high disease resistance per s= in bonging about high yiclds.
[Coko 1965). This werk nowds following oo o Bnd out bees thewe plant
chiraciers coull B¢ eacperarced ato ahe beeeding programenc to comlanc high
resistance with high yields and good food qualitees.

The vield of stacch of vanigties in {ihana bas alse Locn consideced,  Logal
varielies are almaost ertirely of the secer 1ype and jue Tower i atarch cantent ws
comrdred with Wie high yiekding, bitter  varetive of Lahmn Amenca and che
Far East which are manly grovden for the coaomercial  prodestion of starch T
miy wel e thag only the swoet (ypes were breoght from Brazil 1o the West
Crast af Afeica 1n Fact, "l::.apli'l.i'r! Philip Reaver un 1792 medtoned in his “Africn
Moemanma™ 1hat be ioond only sweet eassava on the sland of Bolama (o (he
West Coest of Africa.). This made a prafusnd e ssion wn him becaese bz had
Foond ma aweet gassdvi 0 Pl Wesl Indics. In is also likely dhat ower the wcars,
in scleening For palatabiliy, {armers bl cuncemirated anly on The swest 1ypex.

The sreld of staceh i@ clecly related oo the averall y3eld (fresh weighty of
tuher, a5 well 05 1o its moisture comznt. The el vamery must be bigh viclding,
predfucing tubers of vory low moisiure content. For, if the yield of tuber & 1o evon
il the seatch eontent is high, the yield of =larch per acme 95 bewnd o Be loaw
Simifirly, if the ywld of wher is Ligh, and the moistute comteng also Tigh, Lhe viclt
el miarch will again be lovw.

Trials of Bwadase with over 200 varictivs, clenes, and hy'brids have sugpeswed
ieat there mipht be e relatonship besween yiekd and starch coment, 2l between
wield amul mumslure concent. The relatiooship between maistute and starch content
might, howewer, be sigrofcant’y megarive That I8 10 gy, 8 variety sored saler in
its tuBet il Lhe edpemse of starch and vics versa. Yield (bresh weight] of e,
hawerer, was not zfected whether more starch ot mem watgr was stoered,

However, since the moriore contenl of many lneal vanetas appeared o be
more or less the same, e, betwesn 505 W F%, it woulkl appear thal anocher
tuher ¢haracters. opard from m-ﬁi-st_urt comcnn mighe be responsabie for cariitions
in starch comient. A tuber, minus ats ouler and inner <kins. is mad: up largely of
water, starch end Rhre. e the course nf iober develomnant, an incesl meri@@m,
centripetally proliferates parenchymatous cells {in which the bulk of the starch
i5 siocedl studded irrrgul:lrl:.- wirth vascutar bBoundles of  warinus soes. Thess
bundles. which determine the fihee conizat of a tuber arc alsn larcely responsihle

w Ppayer, Philip (Caalylng An aIrlepn Wemorsmde rolallve o fhe abempe te
aclalrleh B Brobsh set-lement in the IsTand af Bolama nn Lhe West Corst ol ATriey.
Frioted for ©. & T. Daldwit, 1505,
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For supplyite the wber with witer bany vadciios ey have the same mesluge
vantent and the sanie conceseratwn of starch mer wnil twber wolume, bol different
amaunts of Bbre. depending om the sizes and nuclers of these bumdles, Some
may by Lsrpe wtoebers af <maller bundles, ofhers a few large bundles, and =0 on.
A kew larpe bundles make up o smaler frastivn of the ovecadl fuber weizghi 1han
norteray s smplt bondles, Theeefoee, o the composition of yebers is equal in every
scsproel cxcept in fibre content, one woold eapect the tuber with the loast weigha
of fibre 40 have g highor starch comest and viee weisa,

I is interesting fo mdote fhal these samc bundles 19 a largs €xten), detemins
the yonking qualities of & lober. many bundles giving rise o “sfringy™  tobess, A
tuber with fewer bamlles choald therelnes he preferred 10 might 1herefore be
vxprciet vhay oehers of Ioeal warictics with pood cookiag qualivies shosdd alin he
rzlatively hizch in starch contend, This has hees cleerly barne owt in trials al
Ewitdiysn [ 255 waricties, clones and hybrids an which  deleizninations wone
nsade, 67 bad percendage statch comtent walues of 10% and abeve O these, the
plready establehed Cpoad caoking) varicties weere among whese with she Tighest
valucs, Fog. Whani. 110%, Ankre, 13 5% and Calabar red wber 16.5%.

In additton s Brecdiap Eor hicle yields mnsake chstance and goes? Fredd
qualitics, d is necesenty 19 Jivslnn Righ starch yiclding vaneliss Far the commerzial
production osf starels amd aleshnl. This liae of work teods urgent arentcn nivw,

Buvme work has heen dene on the mechanisidion of 1he crap ar 1he Pokeges
Aoricuktural Siatisan by Ewvans SI9ETT "Prisl plantinge were cdong by twn persons
cillimiE an a Inwe platferm hehind a tractar with a Tead °2 owttinos. Ar pre-decermined
iatereals 3 foell marked by thy bedor, each persen inseried a codine into 1he
=il ae the poinl marked, Two ril=ce a1 a tun (cach person planding o rides] werne
nfamdcd in this ooy Thrs s = |.|||i-::'i: amed LRy melthiel which cnuld be '-:l."lji;!'-:n.' nsrd.
Trwl harvesrang was alan done with a mid-mounted dise plough, digping under a
rdoc. 'oosening the earth. and exmosepg e tuhers o be picked oo later by hand.
This azeratina peeaeneed some difficalties. Frst of all, @l cassavsn srems Tagd
be cul short 10 make o apsier for both dniver and tractor to operate. Sccondly,
mast of rhe tybers were cet  threoph by ehe dises sinee they were ol an'y
ciTerent derdhs bk alsn of dilfrren) shances and Gzes The Tower porlions nf the
cot pieces were Aflen 1ol 10 ron o 1he so0il becanse they wers cop always seew by
e prickees, Yielde were theoefore redduced as noresule.

Tm “ater tria® o1 Pokeaes gn 1947 by Kirmar 4 19621, 1he chssdws sticke weorr
First cud by 1 wid-moonicd macweer msecad of by hand. M owis al=o fownd thar 1he
mad-mceuded Dicse-Terracer could harveest an ocre in 2% trecier Toges Dier whichk
Fre map=lavs were |!1.'ll'|'|'|ﬂr|!,-' teguired Thie nrull[ing unil wits alsao miedifcd 50 chal
«ig ridors coufd be rdeed and elanled ot the same fime, afier the Baigd hae heen
liwiehegd anad harrowed. The averaze vieng 1aken w0 rifiee arcl clamd one acre in one
vrcsalinn was 2 heors and [0 minetes es enmmared oo 4 meanalaes neroacre Far
nlantine alane Tosses doe to damaeed er eoomlete'y ug opp twhers were e
merlioned. The advamndages ~f mechanizatier panlico’acly wheo Lergs acceages are
involwerl are nbwicnss weecoThelees,

As soon gt cassaed Wber is cut throogh b mast b wsed immediaely ar clse
it will star 1o detenurate, The possibilitics of harvesting cassave mechanically are
thersfore remeds 31 The present me when there are w0 reshimized ProwtIsing
plimts te bundde large harvesis at a time. Motcover, we ang fac pet frean develuptng
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varietes wilh the righe tuber shape and size amenable 10 meehanical harvesting—
mers counded than clopgated,  Howsegwer, there are @ nomber of dwerd warictice
such as Poc and Krambo whose siems need noc be nutl hack befove harsesting.
short or raund (ubsers may T e e devcloped Erom these, Elow long this will
take cannot e predicted. All indications are thaw it may woe be an eayy tagk singe
these dward vaoetizs mey be poor yieldors.

The drisft Poraro ¢ Selamirs rabergsaptt

It woold appear thal before 1R9E Losh potators were heimp cultivated in
Ciharmis [n his book “Cold Coast Pest and Present” George MacDonald (159%)
then Dreclor of Educadion wriles (page 317 L . . - “In olher parts, the penple
giavy Thein attention or Sl culivation of Com, Yams, Potatocs, Planian, Bawanas
and the oreparalion of Palm oil, It weuld b2 vepy difficals to find at the preseot
day 3 poate grown on he Gold Coast | rice i now very  lacgely nperizd hul
much attention is =1l given 1o 1he cultivanion ol e yons, castave and he savel
pealitlo,”

Ii 15 not clear wisether MacDonald's ahservotion on the disappearbice or the
potain was his own experience o whether he was relying on whar others had
Tl him. Thouph Mecidonald distinguished beteern the putate (Inshy aad st
potate, oihee ad not alwicys doose. Indecd, yery Bew writers distingished between
L taherofem wnl foomoea basasas wan those eary days, Thew mercly memtioned
“the potaw.™ Wosr of them were el Aol araders nor Botznists or agnicwl-
urtinls interested in sTups per 22 1L i5 thereforg, net molikely ibe MacDomalyd migh
bave relied on infocmation obtiiped From one of those procle whe could not, or
did mat care te dwtinguich betaeen the different species of potate.

Cofic (194%) whoe goneinely beheved MacDonald and  theoph that  Insh
paradnzs were being widely eoltivaled in Ahe country Trnr o TR9R, cines  the
resules of fwen rather inconclusive cxperiments, his nwn, Cofic ©1%42) and thae nf
Gloweor (19477, op suppart this belick. Mo yield fipores are geeen in the repon by
Cufic which covered # 1wo-ycar period (1942-1%44) of rials comducted  wt
Amedwenle, 2400 above sea lewvel aml Glaeli (acay Kpandu} S00° abowe sea level.
1Te comeludes -

1 “For prod piclds o besvy and well digindwted rasniall iz cequired Trom

planting 1 thergation. Thereefter, and up 1o mealurily thiet is unl Lthe 1op<
commence 10 die, tainfall weed wap ha osa hEavy, bol i aleall beo sl
chiatributed ™

. “Camcanison boloeen viehls af placey of low elzvaomm and of Inph elesy.
tian shnald ke reletide and a0 2hecdute . With oood rainfiell satefactony yiclds
showld be chiaied at places of low £levation.”

Cufe, thus adinits howsver reluckanily, thil wiehls ot lower otudes  ace
lawer than those at higher alocedes.

Theaph Gilewrr 19477 alae conclodal that potacees prown ap 30000 aned &0
ghisea sea Tevel on Ladifude 5<% in Tangsnwika hom Kenya prown commeteial seed,
could svee yviolds of wanz similar 10 Englivh viclds erevided (ad e soile aene
manoeed on & scale compatalile o thar of moderae Edclish aractice and (67 1hz
planie received water Srcothong Hle, yeb o was only the yiclds of ware abiairgd
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from well manured plotg a1 the higher altinede @hich chms naarer 10 Enghsh vields.
1lcee he oflained & 1 b 7.5 woos T acre in the relatively dell seasen and 6.5
1w BA wns e 1he hed brighl senson.

The oversall mein vicld ubtained From the Baer glovatian was only 3.5 6ons
pet oacre. This iz corlanly wnor Dy English stawdocds, set Glover Lthewgh, thes
feuse wias “suapdsingly Jarge becapre st of the plants dicd of drooehc by foie
reaching magurity.”

Since 1he crials were not repeated, and we Bie oot bl whal the swiclds wold
have been upder Pyvowralls condmes a1 Lthe Tower elevatdicon, 00 mech relianec
sheald net b2 plazed on Celaver™s, corclusions. Knowing Fully webl ihog she gy
of Frish oatatoes ol loaer glesadione i the Iropics had always been o peablom, e
could have rmale hiz repen more zonvincing. kad the resufeg gustficy ws deing o,
Cibwinusly ho could not.

Agairl n U Al Maclanald, Cehe {t';'d-';] Wwerites .. Dy oas chilTagly 4o
beheve that e culsivation of polatess [(Triehl was then (ie. prigr B [R5
condireel T plfgcch of ligh clvation. Toowoeeld by mcerestioe ne kaow why e
cultwatkon was abandoned, Bad huehandry, madence of disciss sah cenegme it
Inw and unprohrable yields sugees themselees 35 1he chick reasons A the prowcul
tire wherewor the potatn s besm Ereed by 1he department of Spoceliure, eaf roll
—a vitus alisease, abed Sclawafinm hawe shown cpoan the phas wed cagesald
apnrecidble Tuases inoyield ™

W one agrees with Macldona'd (18980 and Cafic (19490 dlen one noghe
conclude 1hat the Tnst gi@mpn meogeawe Trish pares i Ohana wae a compizla
Favume,  Olae should, Tevacwcr, bear in mind than oo i sl possible than o o
had not been amiToduced h}' 1hat tame sinze there s na gnrebergtien from cny
inher snuwee regacding the authenticily of MacDonald™s olseocation

One could be very sertain, howewer, thae Ty the seely 1930 Irich pesanes
werg bemg plowed by the Deparmene of Agricolwrz o various plages n the
country. TBlanz 1437 and Mapser 1963 — a'l ar igh sfatude- | 2 g Mampoaag,
Acshapn 1,W10 above soa leve] and Amedaole 22507 — 7400 abowe seq lese!,
primarily G auproent dhe wier lime sharcage AF Dopocasicees apoe the ccaney LBl
cince it wir largely held dand i is =pll heldh that the Ensh petate was nuzritgonally
alore -'.upn:-rmr r'\.p!_:n.;llll. in |'|'r||'-r_|n cantend. han sl the e 1|:'~||."|| itk 2TiTE, S0
much & dene on Hue Ieish potaln, thal webon the shed gm0 o a decade amel A
Tall e ITEO-1555% 3 T mumbar of yepeommenby v conchesed on iy orope
almedt o the nestect o the vopkcal reor oope, Thekyere 19485 Blane 1951,
Cofje 19458 aned 184U 327 1087, Mon-er 1962 and Anon 19306).

The fullpwermge rials sommariscd by Sekvere 1198%%  were snme nf Thoss
cirrig] e adwng Thas pennd, meainly al Mampeone Stanios 1 Yariclw riole, 7
Ceneration rria's 3} Seold appptmoent griale, 4 Time of  Vanpdiag ook, 5
Applizabion of Mulcls and Farm vard Maaure and 4 Seorage crials.

Yields in alf shese trials were sery Tow oot only by Furepran standargs for
|ri=h pakislnn Lye alan ennaread worh the IS e }"r{“Jlli Aaketzinahfye Tar the imnariant
boapeal ract crome, oo . Casseen, Coeonyams and Yame The hicheet sizld altainef
weoer 5 8 tons por acre Fadeed, wietds ool the cnler of % ns ior oacre owerc vy
1aes, excgpl anothe heavily Muched and Faomyard Fonwee oy w0 saele viclds
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ocourted more freguaestly, the higlsesy yoeld Teipg 5.7 tne per acre when macored
wilh 72 e gt ooere of Facmyard banwece and 10 tons pec acre of wolch,

Moreover, mest of the dnals were cicher ™obscevatine ™ fom small plocs
someliniee af Ic's-: than 1/100h acre, or md nroperly desipned. Fesulon of ihose
vaperenignls, Lherefore . shewld nol be selicd on oo mwoch. ool produdubiey sields
per acts wens andflawcd By the anallocss of he plos,

ke Taihzey of (his tiempt to prow Ieish pHatoss in Ghava s barpe ool
by 1he Tacr tho By the ool of 1335, the [partment of Agnculure had ceased
be enthusiastic sboul the crope aned thist the farmers co-apefativies orpaneed Lo
pode the cegpr i the Manpong Asloo disricn bl oo coassd 00 Turction,
obrinpsly brouuse they were nol makang proft, the war having comc noan cad
arml cheaper mulaloes were being imporod again from abeoml.

Ta cnacerve the dvain o our foreipy cusrcwey reserves, The State Faous
have since 1963 embarked on Tarpe wale polate caltivation w3 ~ced  jropseried
lrom Westcan Fprope. An abservation froo the prevanmg ir@als wins thil Cee-chinds
wf the cost of grwing potidoes wis due 10 1the cost of imported seed. | Cofic 1948,
I s, howewer, ik eanly yob oo commeat an thas new larpe soasbe polan snterprise
thawgh eaperience of previous plunbings should normally make onc less gplinusne
gl ns soceess Matorally oesl r‘?«:‘:l.:-|‘.l||. in ahe cupics are ciger oo ocial [rsh
podadozs beeause of Lthe old beliof That i is marz sopemar noirdionally chan winse
¢of it lr|::-|"|||.:..1| TLHIL LrOpEL Thar 1hes belicf s deep rooled aead didoe- 1ar bk
willd be seon By an anicle cnfdled  Patale: for The Trepiss,™ Toem the Caold Cnase
Former (1937 & 210, colled T che Crosea Colonists ol Moventber, 1337, The
relevant portion is quoted M. . L Among cyscersh projecls of paticoiee inicncst
that are being fimanced as & scarch for new varictics of the potado [Teish? auled
e cAapzh'e of adoplion o oo Al mnglineen®, Swch 3 DocwdsonlT L is b leved weo [d
b of Eley greanest imparanee to the Colonial Empire in view of the rutritivnd
superiorily of the potaio over many of the trpical rnn creps A Tree prant of
£ 00 s, ghgrcfore. baing made to the povernment of Tamaica en thal a special
officer can be attached 10 0 scientifie cxpedinens which s beimg sene o o

Amnpther oricle entatfed “Porgne breeding and  Hesrarch,—Sauth American
Tiopcal Species,”—which aopearcd an pape 48 of the same voluee of e Canid
Coasl Farmer and whicl was ¢ulled Trom she Tneserial Buvas of Plant Genefics.
¥, £23491, will throw more tight on what showid have been done 1o obtain potane
varicties suilphle For 1he ln‘:-|'|i|‘:€. prartnlarly atead o loweer elesanion, 1t reads - —

“Hitheriy iv fihe Trish Poistal has been regarded a5 & weepwrane climale
crnp capable of prowing in cowntries with conditions like those of  Morthenn
Eorope. Tt wow appcars thar the <asl maiprity of geotatacs o heir sdlivg home
kclong oo the irepical beli ond are selapted woall 1he condins incloding 1he share
ph:'-lnpu:r'r-ml Fooumed i 1t tropics. Wose of them oocu o moontanaos aregs bt
caic tnecic. 5 Phwerega is foumd 0 hat valless at w Tatiedes and Nrms 1obers ia
humid haot, sulropial conditions. Tooas charoererized By 3 Tow slarch cumpgpel
(R-E0% 7 bun very hich im protein (1491 Pocste breeding in Kenyva, [ndia and
rther ceruntries fcar the ecquator should thereforr be based on this Andearn macerial
rather than on types ohtained from Scotbnd, ers, ot hoas been the prachioe
reit pilension of perato sulivation in the lropical and sub-iropical countrics mae
b foroseen g 4 remalt™
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There 1= pa record of ooy brecdung werk o Gl iavolving 5. Phurefa Dypes
af aupecsredd Riler 1971 mentnmsd dhat o consgnment of seed and seod tubers
nf ket solanum sp=cics and onmses wan wectived ar Maagang Tremp Caooberid o
bee 1|'||:':r 2 Faailed o _f_tl‘.'llrlin:lll,: Hr s, .-‘l,|:‘:-|1:|n:-|l|:|r no lupdhber atbempd wins made
tev obdain Trosh maternal In fact. i apoeats no sericus attempl anywheee o e
D b heew made o heced potanses adopoed o bsdand irapecill conchtanns
ald in ds hegh o nwe somethiong wits done abwoul Lhis. For, 0 appeacs we musl cicher
[reva 1he :r|J_:ht PSR Al Salanurs o mon u all. P'.-'Il.‘:-|:-\_'“l.'|-'.'-|‘:rr in Dhana, Rael ha'F 1he
ome spenl on esperimenting wath impored polilo seed From Western  Euoope
Bicew desiAmt o cspormnents ok cocnyames aml sweer poralo, wre o weuld olwiousky
have elta ned beiter varctics with kigher pields than we hivee today. AL presenl
wi Lave lasl in Bboah Relds of endeavoor,

Mor i the Iriih polin s nulciteeos e hzve been made o fechewve,  The
Mol ing able, ¢Takle 4% shovas Lhay s ot [rom o, il would be seen that the
Frish podato ccotaing the sarme amaumt of protein as yams aod eocovams ¥ ame Mo,
in fazi, containg marg prodeia than the Insh medto, whass oo cantend s anly
N 3% higher 1lan cazsava Noue (kokene b and sween poaoo, A refacs Wi nzritls
:||'||_1 Wiramms. [rsh lAL L[ v lsvaer in calemm a4 wron thane il R I;[|1'|;l|i;.||| sk
ceome creapl Fesle yam with which i has the same ca'cium cormend.  Sweer polato
angd wam ifresh) cantaon eoesiderably higher qoanuoes of wiamin & 1han 1rsh
mtatos The Thisein coment of Trish posato is the same a5 Lhat of the trepicel
roOke CXRCCpE Cagsava whersy Thueman contenl s Yower. The Baballavip sooptene of
Irish —tances s almost che same &e the trapical ponts TS meatinamids conient is
Wichtle hepher whilst 115 aseachoe acid contenn is anlyr shighdy lower than L af
Frosh cocuniens 2nd yames.

The Nere Protein Lalizatkan ©M P UL vaoee of all the trapical oo ae very
e, thad o7 Trish Paraee, Toan rebiably informed, (Chacsa-Tensh Prmsonal] is of
the sanne wider, They are ol epadequale For health and mwsl Be swpplemeneey] Ty
prr:-l-!;in prh faneds, 1. G5 meead, Ceps, Cio. Eurcpesns  themysplves have pewor
teaanded whe Irich poiato as a complete Foend, but mainly as 3 soorce of carbo-
beulrebes, qust g 1he enpcal roers e reganded.

¢ zhopld 1herefors . eradioare thes “Poaln™ menialiey gpd comesntrate moce
on the improvement 0 our ol crops. They have all the advanlapes of viehl
adapranion. aad eiey oF culbiviston over the Irish potiuy, Besides, thew are che
alrcady estiabelshed stavtes, It s not only their ronts which are gaen bor orhier
faTE -::.I" e mlants gs well, = L. the Sencker lzaver ol the CHCUYAMS are A valunble
emimfch in Cihana caton zlmaost daily by fhe majarity af the people. The young
Feaves af the cassiva alae serve the s prrpose 3o olher parts of Woest Alrica,
The mane pucaluets prapared from cassaea ronds are well knooen cyerewhers, What
i oo o=oowenll knnwne preeliaos es 1Tac the F:':El of dasxava s walyakle Foed (o7
sheep, gnamt and pips in Weet Afnca,

Clepiad seleenion i vams and cocovams could reselt in Beher varieligs  than
theac bring erown 2t prewenl Reseorch inte methicks of inducing Aowering and
ol sellime in ghese cents shonkl ol be vwehernently pursacd  Fortuoately
rrahlent of fowering and seed sotting durs nol appear tn be vens sEC00UWS in cascava
anef s st polanei. It es indeed strapee than mores Breeding wogk has be=n dnne on
sogct podategs in thy temoerate teriors whers seed selling is mare dificull than
in the crevies. These demmerate workers have choww thae swest prdaloes groam
from seed, exhibit great Jiversidy in theis characters, and whenever e probloms
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uf seed prxloclion ar: overcome, the breeding motenal of be plant may be
considerable. [Maglumaled 19683%F. Pralific »ced produclion has Deen reporeed in
K<y, {Conpa Kincshesn ), Benganda, and parts of Hawaii. YWorking Hawai, Poole,
{qtl-:’tl[E'd !:l:.- % o ST 'I“:"Iﬁ]] '|:l:'|.'l|J|.'.|‘.'E|:| 1w u1|'bqu-e.: F:-'|:3|'|L5. wilth 7% and A5 tuhers
weighing 2005 ke and 2705 ke sespectiegly, 11 is hinh dima Cihapzeans siared
buinwe wierey e ju This crop, e shonld ot fargen e Carser (19367 1he Timaous
Amecrican Wegro apriceliune, cepocted 118 differcnt, atiractive product: made
'I'r4_1r|1 L] ETEN |.'rl.‘:-|'|.

I, mspie of the many pdvantages of ibe teopical oo we ows, for othes
reasons. prow Jrich punsnoes in the dreracs, il shaull ast be by eneoried seed Trom
3 lerperate eegions. Yo musl Arst of abl tume oo soch species a2 5 phureir angd
5. eyl which are keewn 19 prow well under gemditica ol high lempeciniore and
humahty and atart a comprehensive breeding programme to obtain warictcs
copable of growing snd praducny, well under our ceadisions.

loaall nat be an eacy tack, bod a long and ardwucws ome, Io will wlae Tic a
challenge which must he 1uken N by Treeders oy the Erepiss. Ta'l-;iu.g 1heir 'iﬂj]:lirﬂ-
Hep from wliat has been dons on olher coops cloewhere, 2 p. Maze in the US A
Wheat, Barty and Ciarsom Western Furope—all ceops odginanring frome ¢ nsates
ailTerent from that of BEurope — they shuwld press oo and demansetate to (he
world ooce and fur all whethey or oot tropical sclanem vansweea could be beed,

capable of yielding as well a5 (he alher Tpopical roon ceops.
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Cocrect Deighl of Yam aticks, Tample G, €, Farmer

LTHE1-J2F 145,

Impgobed Typen of Sweel Potalies, Yieldy, GoC Falmer

{1P3T-32) 1, 35.

Tams Al Elgcg. 4 2 Farmer (1931027 1, &3

LZweet Pntatoes al Epeve, 45 ©, Farmoer (1333-34 2, 27

Yamn - Ridgiog Ye. Mavlng or mownds (108334} 2, IFT

Sweet Patatoes ab  Abuwrl Fardens {1039-2a] 2 317

YToms—Yi=ld at Tacmile 11943-A40 X 23

Correct height f yaim stheks—=Xumes] (103-E5) &, 243

Tem varety [rials al Aseal (1308-3T3 5,

Powity frenecation toial, G 0, Depk of Ao, Matthly
Newslomler (IB47) @ 1, 233,

The Mempong Fotato laduetey [1831; ;0 Mo of AgTis,
HBepart

A orw and accarete gedoripbien of the Cowl of Gulces
dividid Hike the Gadd Lhe Blave, wtd the [rory Coddls.
Firat printed tar James Enagon et dee Crows, snd
Neo Midwoter s tBe Hide and Crown In 51 Pauls
Churchyacd, Lobdan, 17035,

A studr of Lhe EcoewiofE of Yamoe In Morlh BIaTipeug
Achanll, Talwersity of Ghaas, Fac. of AFTe Kepart
19448

The= Cultivalon «f Yamra, TR AgTe Trin [1531) b
241-294,

Howe che farmer can gaer his sweek potabnes and wars
uf preparing thiem fur o= @=bhle. Bell. Na. 3 (1233},
Topkryes Duclitmte, 1.5.48.

b vgn rleating wiris of swest patatn i G hana. Ciheng
Farmer 1081 : 5 LE-19.

Byeaklng the dormancy of poletoes, Depd. of Arks, G,
Mewalefter (1948} ;X 78

A note on the growing of Patatees (39 Tuberorum) gl
e 9f Jow elevation o the Sold Cospt. Mondblr
Nowolelcr. Dopd. of Agrla, | LiHW) & 78

Batorleal work betwren the yeans 1929 and 19040, L2hata
Former B0 : 4, 48-50

Ltudles on Yams, Prellmlhaty goroednoilon s edles with
zoed, Mio, of Aghla Scl, Berviers Bivhion Renanl 1841,
Breeding far ple=ld In CGossava 1, Indices 9f Yield
Ghatis Towbbal of Selemce. [1BM3] : 5, 42.98.
plechanlenl LOURME of castavy PoRoace Trials (18867 :
Heporl 1o the Tirenbar of Agriraliors [ Aecks,
Mimrelmneson Hrport, Min of AgTie, (1981523,
Eavippnmehl and Lhe geecrth of the polega sn Tropical
Eas AJcigR. Emp. 3, B3P, AgTe, (LBET) 15, 9-28.
JeXes ] Toam Flaoks; Cheervalon ab Acwenal, G, G
Farmer 11934-351 @ 3, 147,

¥acuRtion i pellen Bnd ovobe ferillhy ko varieilies of
fassava and the effcot of  bokerspreifle crosaibf om
IerLillty. Euphydea 118531 - L2, 6B,

Mihier o Affd<a, Slanfacd Yoiversliy Prege, 1150
Mrchorsanilon mf Catssvd Plantiog, Ghane Farpger
IBG} 6. 10214
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Bepoery to the INcecter of Azricolinre,

Swael Molatoes with parllclcar pofdPolge ko e
breples Review orlicle, Fleld Crop Abel. (1969) @ IF,
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PISCLISATONS

O, Raogery

AmeaEil e cpIsEva verteiles, do [ fRTmers  meke ANy disAanctian Amrngal
thelr verietlod, comeerolng the prussic agid or the 1BCH content?

M Doku

Ko, tley do o [ sdppoee that HCN iy reinted wilh pelatabilicy or saoniness.
she e HOW, the mure bitl=r lhey are, Dol of aur watletles atbe on thn sweet side

fir. Rogers |

Iz LheT= & slppderd proressing meihndalogy osed by the natiesn 1o prapars pleeh
Lhing: &6 foufow.

M. Draky

Well. 1 cuppneare so. [ rbould say thal there s & stalldecd pracdce of bolling sbd
brating 1n a paste. The bolllhg la suppeted (o femove the HCM. Lt be veby volakile.

. Rogers |
I= grallng o[ the 1uberm o wekal] practioe”

e iker .

There are twa Ippes of ool In Slerca Efob?. whet we= call Juufou Ix deferesil
from Euufeu im ofh@r jparec of Weet Africa. In Slerra Leane the aadsevn is Al
Fra*nd and rade Inte & Mough and pul Mete Eobng water, god shicred aola g ihlek
ronstituency. In a'her para of West 4[Teca lhe cedéava ar «aea yam |5 boll=d Hrsl
ard Lben =poled im1a B opAasts

Jar Royery

T Jid p01 make aly mEnion al ol of pracilces ikal had bren reporbed,
nEmely  LhAt ehe fentlagn of these plenda s HHekrd, Wihat do wow thiok shouot Lhis®
Is 1his a steodard practece, nr ovwhat?

My, Dokl -

1 41 zorey that 1 did nat menbon thee,  In Semra Leobe, 1L s not gencrs] ol
paris af Wead afreen, i: is 0 stancard practice bo oee the young follags. o Gheoa the
ruun R Fhaar of Kanthestme iy used a5 & apibach 1t 4 vecy poputar. Amd the dry peel
ol Lhe chaceva |s Fed ko Hveatork — goals, shogp and ur oh,

Mr Gonding

1 Arrd myzell In cunridérdalde sympalhy with Dr. Dnkus Wosl point sbeuot Engclsh
polatees it the iraplrs We bpwe g veTy wWide varlely al vore 2ond Eabér raeds end,
a3 Wiy shown in ore peper thla marcdog, swerd petate can have extemely high
nuiritive value dnd T den't 1hiok 1B You will Aind "Engleh’ pofelose anvewhere 1bpt
can maleh up 1 geoersl, in Huerlflve wulua wiile some voriebica Qf awest polata.
Newarihelass. rizhily or wrongly, thera & 3 demand Goc tbem.  In many =scea, Fo- the
wWHINE TARAGNA, wi: aTe seeing 4 demand orsieg In Berhafoer which. ln my oppnn, b
Iatgely hroause Uvey have n ceraio snnb valwe, Howessr (he Aettand Is there o the
culeni 1hai o 3rall counity like Barbadas |a Importlng romething ks s meililan
dolla-s worih of Exgllsh potlauomt B v2ar, Which ks abSward. Bt thera [T L= Sn What
aFp we bo A497 W pan alier have § complets probdEdtion of Imbnrts, I whiel e,
pEGple will complaln thet thedr standord of |Ielns §s being srbitarlly cul, a- we
could carmy oot resealch idlepded o iry te supply {hlg from Lloctl aswreex whech, nf
reur. 3x Wbt wWe T da da ToublbK Bk werang bug me have de oo 1 Be 1 oam in
cabwlEnTable sympazhy wlih I Lhaky en thia. Dot we BFnd aoreelpes if thils same
situation. Mey I sug@esi that yau mizhi he interesied In boylng ihe sopa vaTicly 1lat
ls shiperine TIT1Y aubstentinl prolise lo fosbhados gk the Boemeent. An Amiaricgh
variely fslled Bedlosede, whieh was develaped. | belbeue, by Lowlelana aod has prowved
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1o hee ul vrmslderehle Impoartacre o Lbe Floclds pobtfly indastvy, Bing -ullaRle 3or
summmel BTow|ng

Charrmad -
IL lowke &3 §F we ahauld have & =ochklogy =ectlon in ithe rexl sympozivm

G, Frujitic :

In view wl the (=01 [hal FPoabddomoTshe 2elapReGeargm, the Ccesse of beciedl wilr In
= bamato, [k owddedy spread in opical eolls, I womder UE the Iosh polain wlil be o
oeop 0T ony lmparfance to leegded]l ateaa”  1'm WBIKI0E nuw, abodl 20%land elevalians
Th.s bacterla cpopaded sory Wil when sabl 1esuprraturcy 3Te jhnue T30F and Lo Bl
Iy rarlie dowbiful. LhAat &ay nf che vacitibes thao ace svallable 10dsy, BAWE apy resdsk-
atire T thls dicson.

Mr. Poky -

1 muyt sy tht Ll MNIZerla they see growipg pobataes guble auccesstully an she
Boulchl plabemay. B Imersey might wash to romment gn b bl be o wey 1ell:hg ma
ihat dis#pai- hpa sieried to ccecp Ime I belzvwe thel there mught be § regkslange to
1libs.  ‘"Wa ddn ot Enaow, 3o that we aAlauldn’t rule That out caotlpleiely.

L. Kpenee :

While I opree wille T, Trol¥le that baskarlal WL has 1o L= loken aodn greeonnt,
Ihere aré & humbery of Zapes ot bectorisl wiil. 1 AM MRt gure that the vofale une L
necestarily The gatne Hhel by port widespread to the braples. Buog ecrtaoply it is sdme-
thing 'hAl Ome wll1 haye Lo take a0l 2ccaoed inm tae 'T-csl' podata work

Mr. Meclionpld -

Jue#l A4 g podnt af Information. Tn Kenva 1he poesdnmaonas azeterial will is caus
Ing hawge with Irnah prlalesn, wadl ks fhie complete death of Vthe plaps. and ence
ihe sall §s infecled, ¥om heva {a shandan |1 fs0 poatato oulileatlan. H*=eding hiy done
I e wallobal batorateres, sgrlculloral labemazarles, pwst oulslde wf Malrohi. ane
al*Ton AT Lhls wnrk hes only bh=en J8IRE on fof obeat thres or fRoe years 1 g ralid
1hat reesstance ia being foaesd samongal seedlings el ey ooe pow being soeeted for
thelr Lok qualises

Nr. Moarreldn

1 wlll mve rou ecme more infehhdbion. In Vehezoels we ore plamding patatoes
rmd we conyider patiboed a8 @ troploRl plent, R wo Abfe phaniline il af 2, gpd we
have wa prakler w|th beeterlsl colaoocern. We hove 11 pnder H0C 0 ehaud LK)
mietret 1 giciinde, hut 1n the lower paris, MH melres with 2% we hAve probtems onle
w|ith Phytophtora Irfelaimd bol we ¢RA odbol 31 a9y Wwell.

Mre. Filprim -

Mr. Chadrpuon, I am wery bodvrested dn that pniol which you made incluiypg a
vnelnInglcal facrkow When di18cuEsInE Auch matieH &z fosd crops I Bhe eTopiee. This
mucter. .8 of Itl=ll peteines, pIr. Qoed ing mentioned ibe fact Usit there 13 & cerbali
guoh velue attacked tn Irfah patato In Barbedos,  This 13 eae. However, there are
olhet [actors which sbso play a part, Thern s the tact tnt ie marcketng of Insh
maratn 19 50 muoreh beth=r arganieed 1hak lhe matketing of Toral foed c7ope. Thero 1 g
weoF puetherfal and verr aficient preycsndile commueniby markedng owle polalo=s. 1t 16
pasy Eor the ImAewife (o purchase 1 Ib. 3 Lb, 2 1ot of Irksh potaioes, bt IF 4 uor =a
casy tr Lake & vam salghing & Ibs gnd chop it Inbe Bve @lezes. The 'Irlsh potale beeps
wrl! and copks ersily, 3o theye ere ooy FRciore involved.

Mer. Hayner

There d¢ ane gther rommaenl MRt 1 would Hke to moke obaut 'Irish' pofatoes We
have been growiog meat nf thege rooda crops here, bolb in ewpecimen2 ond In
codibnet'c’Bl proditgtion. e fAnd that we cpn grow A cYop of 'Icish' akabges b hall



11l — nh4 RLEFI RO &y s ORI

e sl kgl Thal we reguare 1ar aoy ol the abher roops whiod [Rc&Rs AT @iGws 07 &
COELERPTCIRT Seale Bt 1o quite frue Thot an syhsicienes seiles, Ere peonomilces s valie
GiMicwie, bt the celsgys casts of inputs; beyween 'losh’ polatasg and 1he Foul chops
raust br hacoe |n meod.

el Ty

Mr. Chairman, 1 shoeuold like Ir make= 7 swall cartssholien roncpsimg whal
Mo Pilgmme hax jodickbed abeul Wie siciolugical  implications <f growing ‘Ts)”
poOcatds,  The pephlpiy ol cloring fRese SOl crope 13 a aafloly 9 e Lhe Lrepics. |
shianld qust like Lo indirobe bo yau, ETIT My eXprriemss wllh e aWTage of saeel
potitpes. 1hat thers 38 ponsidesable advaniage 0 poncuocing Props Jthe Lle CTolch”
potale.

Thr rxample to which T refes is Eie sweeed potale srap in 51 Yimcenl, Thiy erap
W oRcown Al abowl § ooy i lwo yedrd v Lhie same lawd. There 35 ronsidecable
owld up ol &0il MR, which atlack 1he "abet, remaip JRIepl pRFE RTLer Tra reedTins
god dewn|ep wrry Tapidlye, and  disostTausly oo hobers shipped Tiun St ¥incent o
Trinildad. Theee was o partiralar =sampie of iobers hareesied s 51, Vineenk o
Fridav., ang shipped % Toimdad 1o arlive o ihe retail market by Lhe Tollowim:
Tueyday T rhar chadpl cppre o8 e, 55 aueh gy 24 3 3795 of Lhe "dbers were ol
brcanse af blark reitung.

Naw W5 i5 quis o0 scrioua problem.  U'he housewite will nal Koy block rafied
swenr patatoes, however slP50 M atfack 35, Dol o ckops ke CIrish’ puelasoe-,
nlrragy coes na? presert ke wmaBTen thal woq ol o roal ereops 50 e Lodgein S
[argsere S0 Jesplle the fard 1hat Ehere may b RIgh nokSicive walus IR Sl
ratalar: chep :e Ihe peablem af vere rapdl feteoapretion 0 starege end Lm Tansll.
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STATUS OF RCOT CROP RESEARCH IN THE PHILIFPINES

Cresencio D, Molinyawe

This paper aimz to assess 1he 2elus of root crops research in the Philippines
based on the work done on this group of crops. For the finst time o coitical
anafysis of the resulis of experiments s presented a5 well s data of some
impartant gpplied researches.

Studees invelving some oF (he culturat practices with st coope are rather
limitel.  Most workers have condected  varlety tests; sevoeral  have corned
fertilizer toals, and o [ew have siodied processing, storage and wtilization, Flow-
cver, the data oo some of these subjocls were citber cxtregeely nieager or non-
exintent

Before I go further ket me os3ess (he food supply sitvagion in 1he Philippines.
Food Supply Situation in the Philippines

The averape annual gross avadilable supply of foed a#ns o 1965 smounts
b 11.% mmillion merric sans of which 9.7 milfon merdc tons o7 #4185 s of
plant origio and 1.8 milion metrk tens or 15.9% is of ammal origin. O 1he
fcod iteme derived Erom plant resources about 9.0 million meine  lopys o
Y: 3% 15 produced in the couniry and T.2% iz imported.  Aboul 43 3% M
1he dotal food crops produced s cereals; 17 0% i root crops and webers, 18,035,
fruits; F.6%, vegolabless and 11.9% sugar, dry beans and outs.

Eaoot and luber orope arg 1he second suppders of sarbohydone Toods in the
Philinpioes with a wotal production of sboul 1.5 million metric wons. Abowm
10E. metric igngs of s1erchy roobs eed tubers pioodeecd o chis cownny  wre
uwsed for noo-food punposgs [Ravieg 13 14,000 metpe wong avgilable for buman
eomsuoiption.  This is equivalent 0 per capite sapgly of 45 1 kg per year or 115
grams per day. Acwal ioieke of starchy rools which amounts to an averags of
42 grams per capite per day slnas thet it bs almosc one-hitd of the per capiom
supply, The wide gap exicting helwesn the actug] spiake of coots and the copply
indicates & poasibility that @ larpe quanhty ol the country’s supply of starchy
roats and tubers [or fved 15 pol aclvally wllized for ther purpose.

Except in 3 few places of the countty, rool cops are vsed only as substitate
fred when the supply of rice and coro is Iow end price of these cerzals & high.
Practseally all of the supply of starchy roots b ihis counicy i produged locally,
05 the tora) cooi crops prodused, obout 51.9% js swest patate, 3 TR 0
cagzgva and 7.0% i pabi ot laca. The rest or aboud 3.4% are ubi, Ingm, arrow-
ot el yaontia. (Aoooymoas, 1966).

HESESAHDT] O A 5540 A
ﬂl‘iﬁiﬂﬂ.“}' the cassava buber wis g mam kwal ST Amoig Talin-Amertiygn

people, AL prossst it I8 grown sz a sobstitute for rice or alternately  with nee
on largs sceeage in femons where, jor ceoluries, oo has been the sole erop.
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Realizing the imporanee of cassiva in 1his counminy, che ULP. Collzge of
Agrcatire Began the study of B8 coloure wois gdrly Inslngy Frorgign simelivs
hive been introduced ond assessed.  Analyses were made on the swacage 100t
Also, procossing and ulilization of this root crop wore studied.  The possabilily
of alcohal and <1arch extepcrinn were underaken and recctuly experiments on
Lthe value of cazsiein a5 o Leestock feed have leen dane,

Cuangon [(1927) expoended on (he pos-ihilitics of cassava progleciion ju Lhe
Philippines e enwmerated 1he following reasnns;

1. Cusiavy iy @ vy casy plant Lo grow under mast field crap condifiees
in 1he country.

2. There is an exacl pardllel hevwsen the planting and cultivation of
sugarcane snd cassava.

3. Cisgava has nany advaotages over sugarcane which fow peaple seem
to mewlize,

Ewaple mezchines far sarch proezssing are aceded.
Pocal 2mand far casaava crisls.

d
%
f IL is a1 chéaper outce of 21aneh than com,
T

(Ca35avg 15 MOl 3 peImancal crop.

To promaie the processing of catsava Aowe, the Philippine Coneress possed
in 1951 [Reswble Acl 657 known as the Cascawa Flooe Law (Acena [E53)
Srcin 1 ol the sapd act sganes thal, 0 i declaned 1o he onothe iererest of (e
country’s @concemy and development of e agriculinge and indmstry, 19 gnCOURES
and promone the paeduction, processing and consumphon of Lassava Jon 28 ¢
measire W1 censerye dnllars oo pecvont the scarcity of wheat Aooe and W reewlse
its imporation consistsnt with the commitinerts of the Bepobali oF the Thilpgring .
ungler the Internateonal Wheat Agreement™,

Propogation

CGuapeen [19277 pooated oud that any pard o the cassava seem may be
used for pru:hpu_gillin:'-n_ i.‘I-C\,:JI_IiIiI"!F 1he Sfu.l:upﬁ, hut e Bess pan il maluce T e re,
of the stem with the excepdion of that nearest the rett and green portion at te
top. Mepdioda (01931} swated (hac in planting cussava, the young lOp porlicn i
remaved while the Temesinipg part a5 cut inte picces amd wscld Bor planticg. The
buodiiem picces seem te be beier than the Uppor cottings s plindong materiads,

Galang [2%30F repuriedd that ihe averege vield of reats per heclaie of Dabc
cufting: vhiwmed o a trigl planting was 0§ o, of the micllie, 334 % 1ong
and of the apical conings, 9.7 tans.  From there he soepesoed the use of 1R
birse and middle portwons of the stewn for plandog.

Cedain planters claimed that longer cuttings are better 1han 1he shocker enes,
Prarmivg 1he enlire slem will tofuee the expenses for lehour. 1o arder o
determuine rhe offcces of planting the cprg sialk wpon the peld of cassava, Pahis
(17381 cunducteg an cxperimend oo this aspect  Some uf Lhe impeazand tesulls
af the caperimenl were given helow:
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Enrire Sralk Crredimory ceerplings:
Yicld of rools per hectare (Lons) 12.99 LT
Yiald of starch per hectece {toms] 3.45% 2,07
Yickd of cuttings par heclare [ meters ) GO, 935 L Gl 84,302 .44
The ¢nlie awalk  planiing vced more plants and yielded more sterage

roots and stacch than 1he ordmany plapong.  However, the  stalks from the
lomier weie Alwrter 2nd more <lender.

Hucnas {1930} sihied 1he effect of age of ¢uttig an the yiceld of cissava,
Gk ewlfings {ncar the buse} gove betler stand and more roel yields ihan the
VOUREETD oRs {upper sutdogs owerds the tip). The results are shewno on Table [

Table ;. Perceriage germingtion, yiebd of roote and Starch ir dons ar aflected by
wpe wf passaee cHifAps (Houertas, J9E0)

Yield af Siarch
Group Cunlin CheTmin ation rooesha wie Ik e
My, Th T T
Top 1 15.1 a4 0.57
2 45,2 15.6 1.81
3 63,49 1%. G X 1k
huddle d T4 1 18.2 T H
5 71.0 1%.7 2.12
i) 52,4 19.1 2.07
Base 7 2.1 19.4 2. 02
23 BZ2.5 18.5 2.5
o w27 1.4 .1
frrgreramping

bartinez {1947} Faond thay fnercrappikg ot with cassava befeeen the
roows and hills gave a feirly good vield of roots when the two crops were planced
at 1he €ime npie {Tahle 113,

v siin g

Soliven (19213 dotermined the efect of svs o time of hotvesting an the
cturcl cumlem of 5i:_'.-n|'i-:tic.~: of cassava. When the plams weee oveimmatured,
thors was a decresse in the amonst of Sarch (Tabde 1},

S 4 L9E1) has a simwilur siwdy bud b dotecmined the efear of tlee yweld of
i [ {'I'a_h]l;: 1V). There was Bn insignificant ingroase g the sield of roeats umone
the varieties [rnen Lhe 114k apd 1 Zch maonth afe=r plapuog excepl Aipin Manpi.



(] | 1 BAKAL L EIs 5% snanale sl

Fahle ff.  Effecr of yriercrappikg corm i qoarovo

Trearmenl Cahevil rlarkerahle on-ntark eracls
1 1] 2ala i~
kg kg

{].r.u:f.'r:ln.*].l lI'i!fr.‘l'.'
1. Com elone - Q. 21K ©
1 Carsavd berween hill of

cora aft=r the layer was

hillzd wp 11.5.% AL e I

usgavg boiween rows of
corm afer hilbog up T17.2 863.% 2330 |

Tal

Belldozed field:
1. Corn pianted alnme - fIL 1 747 f
2 Cassnva planted betwesn

hilks of eaen 21 almcs
the came 1ims 2180 .3 wad 5 V42 R

Takle NI Sarck cosrarr Gl cotigea vananes as sffecred b opee o Serieroos
rRolivem, 1521)

Yarety Agr S sarch Yaney Ay T osturch
Lan-glry hasds| fait-dry howiyg

o = 13 T8 af
L1 TR.d5 1! Ih_50

Adpin Mapg L2 #7.00 Anpular Iz Wi
13 LISy &l 13 ihODT
14 310 14 I
] 4 . S 10 75 D
i T .5 Whnr Siroelh 11 717313

Aipin Yaleeca 111 H4.3] dnicemediale 12 o4
1 L 13 ]
1z Ka 10 14 Al
13 N L]
X 1 A 7 T RE
e E3.16 2 Tl
10 0l oo Bt 4 K2 A0
Il AhoAdR 11 75 4l

Lz ™ X L1 iR
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Tahle IV, Stovage root weld of different catioug varieties o1 afrcted by aoe of
Aarresiing {3iromm, JES

Age at harvest

Yarety [in mdbish
1] 1L 17

kapo Caotormls T140 L 1 | k40
White Smooth Imlermednte d&d0 133660 | 230H)
Al lar QARG 12540 13RG0
RFaugh Troermed iste 10641 [3ZE0 143520
Kapo Whi 11200k [ 1744 15220
Casgues Smpkingr Mant, 12YED [5121 141411
Alpin Valenca 18320 20320 2T
Mupeim Mangi 13210 22004 157
Mi|n|_|i|_'||_"';_-. |Ia§,'||j|':|_,|:| ZA00k 30HD 3323“

el aniliges S Predra Prem 2VHEL ATIED KEETIN]

In 2 slud}' at Pk L] -C'-.'-Iltg-: uf .-";E!I'ituh.u]’l’.‘ vl The relajion of np TH
wizifita 0 plars W thear yweld o2l arnl strsbs, Lichsangae: {1950 a1
1 prorecatode ol cormumrowl stoch degreasgd as e plant: grew elder (Tisble %,

The huzhea wld of onbs and starch was nbliined swhen o pland was
Foaertecn muenths ald, n the cose ol Seedie Mo 20520 The sasinmn seeled of
rants el Aipim ¥Walcaga wis nbitimed abien the E:-|'.'.|.'I1 was lielrieen mestqs el
Irgl Bl madtsirLan Fr._'-du:ri-.'.n 1 ossanch wias oboneyd sk the pwenllih mamh

Waorcroe Gl PR ALY

|:;_-_._|_';-'_1_-. LIU22 . in 3 sidy no The DL Y al woone |'||.'ri~.'!1:|hle_'. reil oTOfE,
Soaned U i W da sceeesslully ctnpel in By ok tor 92 days; whiodnothe ceilac
foor D2 oy wisgtain Ture ) dons bnothe 'l and gy Bor T2 iy ie ore ccllar,
wieevn g Tor 25 davs ino the vl had whe lowest porcencage lass of G 9605

Taubfe 11 Vield of feosh mmors, slerch ang percenloge pafractionr af offected by oar
nf Irﬁrl.lr.\'fr'ng IR EVIURGIN

Ao ol plarta A yieht per Comnreraaal sfarch
) { manihs IniL ot hgirara o Latraglicin
{ 1S b CEOD plamls

Levdling o 25D kp.
10 216 254 .4 11 44
' B3 25513 .24
(e if.n 2354 150 .2%
11 7.5 3zd 0 10, 841
14 41 .8 133 0 3 Yh

Anan Folenry
Ll |4 R LET 1] 1 /5%
1L l 17,7 16,27
12 13,4 155 O 14 .04
14 1.7 LTH .41 oAy

1+ 2T 150k 18 HoEa
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RFoazes wnd Manko 19211 deermined ahe hydeabysls of cassava on dilleront
condatiians oo is fermeentainn wr aleohes I:.!:.' Jilerent wpict Pr'l:paﬁl:inn;. Thn::r'
sugpested thit Tor every ID4F kg of cassava Hoor, use 54 litres of acid soloniot
containing 1 licre sulphornc aced (sp. gr. 1-B4) hydrolized wnder proscece 1
LA 05 b per 5qe inch} Bor 2.3 howes, Then nestralizszd ot with 2 ht-es of
anmaminm hydroade  Csp. gr, 0.9F, ond dilole 3t 1o GO litres plus & licres of
yeastk prepared by Wolhvent process,  Distil the farmentcd  iqoid aflee
sevtiied clay ot col Jarer thao Lhe thard day.

They alen snlemptes] o extrael skapch from cassava This methad cepsisted
simply of grinding the pecled cassawa roots withcut water and drying i the sun
or with 1he aid of adificial heaw to & molstuce eomeor af L3R, Their results
are shown below;

Test Mo, W, of rools Already March g5 exnaction
(kg (kpl

L 24 45 5. F 21.3

p) 146 M kg 24.2

The chernical comporilivn of cacsave 15 of inferest (o the planler, the stapch
provessors and comsuaners. Adiiana, e al. (1932) pave 1the prosimats analyvsis
of different varietivs of cassava o the U P College of Apncalture, Thoy wsed
Mamdicsea Sao Podra Preio, Mandioza Boroorao, Aagin Yalenza, Aipin Maog:,
Kapoe White arul Rough Daermediate. The resulis are sbown i “Takle Y1

Tableg T4 Drocinoe chereical d‘.l‘ﬂl:.lll_'r'.'.'.'_l.' af cnrrney
rimats (A fter Adeee, of gl TH3Z2)

CIMmps DN I'ercentige
Edible poico §1.40
& lcaist e 63 B
Ach | .44
Praccins {1,498
I5nks. el extract 0.6
HCH .o
{rudc fiker 0.ES
Stuarch i i)
Other N F.E 5.4
Calorific value/kg 1,403 .00

Cedille (1952} stodeed the posabiliey of preparing “hnding™  or cissava
pice frome O fresh roots.  He fownd tha! “landang™ compere: Favarably wilh
corn and meg a5 0 Tood constituents and calonfic vale.  Alhoagh rice and erun
contain mere prees  (Table WD, "Iandﬂl{:ﬂ has a geeaner anwnnl ol
zorhuhydrates, Trom the nutritive point of view. “Landung™ can very well become
a g subcliule of corn ar rice dunng haed times.
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Tobie Vi Food veler of “lundang” & comiodred adf conr and rice

Inem “Lanckng™ Yelloww Carn Rz
[auir-dry [Lswliinl)

L i -
Moislure 14} I &K [h.59
Crude Tar [vibor cxipact ) o le 1 4 1.1
Crude prmiains 2 4] R.90 n.35
Curbohydrates RO T4 XY e
Cruce Gbors, 1. 60 2 M 52
fan 0ot I hl .5l
il vilpe per 100 arames A25 0k 53 a4 54 s

REREARCH (OM SWEET FOTATO

awpct paakalo 15 e mens impeedint resat cropoine tte Philippices. ©Eoenay
w21 becoime ant of eur onpoelanl andoseial crops Blany varienies arc proan aad
they wary m '_'.i-E]Ii and q'J.:||1l:,'. Ir s TECLEEATY, 1hue g [are, Nyl :,'p;ld riaia by
concéneied 1o diesunar Lhe hesl wirieluds.

Faruery ress

Cadee €143 TowmE char Coatermal, Mool Scedling 47, BHAS 51 aed
[atancs were Lhe pronusing venctivs as o resu't of 1he pield wis an Lo £ ellepy
nf .I"l.grii:u.['.lrt. Prevocws b this wose soch wofickes oy Sumar Iiig "|"!_'||||1.'.-'|
Kadal, Tammang Pule angd Fgelng Foa (ALzaniarn, 19460 Famore, 917,
Gz and Zowowd, Ped®, Culma wd Papanghanan, 1957,

Propagetinn

The mest comman practice of propogatiag sweet petaln n ehe Philippiees
L~ Lhe= wine TuIngs Lot elaimed Lthal the high-.":\t !ril_"'.lj o ahlarregd e
ruttin®s are plaaied o & slantang pockiae Oy beleved thal ekner che Do
or Uasleid ome peecs the besy resulos, -

Tensbeo 41935 compared the posionas of plaanng on tae vangies ard
found Lhat the Bent po-ition was Lhe bese in the prosdactcem of poels $Tahble 1L,
The athers sce slanting aod 1wised positors

Tuble FIf. Field of gy ehgd ooy of sedesy
poiaioer  wr m_f.'uer:n:“-:'r.l' b_!.- pr.'l.'i!'.'l:r.'lh.'i‘ izl F.-L'.unr.'ng

Persltion Wines Roors

kg /he ke ha
1. %lantirg 40224 14144
2. Bent 53,5954 1282
1. Twasted ot REA LY L& I5E

The Phitippines farmecs wsed cwmede’ culkinzs from dilfecect pations of
the vine (07 plauting. o sooe cases outtings frem spreoting fubors s osed,
Rogue {1%34) vopdected ap experigent to find oy che relution hetwesn growth
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angl el ol the plamts grown fron ditferent ootings. Hle observed vhar 10¢ tap
cutiings gave Tk hicler prowih and the higher yield thaw the basal cotogs.

IHtercrappingy aud iopging

Lovwag (1947} triet 1n intercmp cem with sweed potato. He statad Lher
the sland of com was alecled when sween poeaso was plauted at the same ung
with the former in e cow or Between hulls. Howewer, of swect meling sas mar
p-|EIr|I|:d buol afer eoun had  beea halled up, the fwiter s mol alfected ot alg
Llable LXK}

Table FX. Yicld of corn ar imflgenced by intercropping with Swenr poiaio

Treannent Swret Wlarketahic Man-markclit|=
Porato Lalk 1

{:'n:.l'em.lr.:.r L',-.:'f.u.lw:f Figld
1 oo alaoe — 235% 2655 Bl
2. Infercroppad Bolween

the bals of com 365 4G MGT T 3473 .02
I Intersropped between

the rows of com 3az N8 1592 . qir 2538 .40
Bulidnged Field
l. Lom alonse — 2319_33% M2z
2. loergropped Biclacen

the halls wf socn 1797019 TRT7 .51 T 0

Majales (1956} delemnined the cffcct ol lopping on ropt yield of sweer
pusane. e fouod that severely topped pianis (all -hoots poceptable for greons
waer Temnbal) pave lower yickd than the rmoderatzly wpped (approzinmely ol
half of the shool scceptable for groen: was pepescd |, This owas doe to the
reductron of Ui lead ecca for the manufacture of plant foud,

Ferrifization

Lancican end Sariano £0%61) reported ahal the vigld of eouts, taives  and
vimes meredaned with the rale of nidrepen apphed. The highest antownt ol
poteesme ngpedied The wegetalive proweh b did not §nerease the 3aeld ol roors
The response Lo the mineer comeo s wan meonsisien) znd phaspheonus e ne
ceipunss.  The combinations of FEH-G0-M1 angd TQH-9L0 wore coazistenily the
hest Eor reot yicid; JOUHO-ND and  SO-S90-1EG bar prewth of leowe, and viocs
[ Table X0
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Table X, Yirld o Focy aared wime IR B [y Ferctare ;.l,f IWEET pritalid i Tan
rraxomr of desty

Treatmen! Storagr rooE Ying
Tary scaxon Wel season Dy season Wooi foosud

M-P-K [H9565 I4R5T L9386 1057
1-tJ-0 4. 08 L1.24 1.87 I Tl
S0L-2d1 4 575 12,91 .97 1. k4
[CH1-H0-0) ¥ 3 L I,tH 2.0
0-H0-4 L 12.1% P.u7 I B
00090 513 L1.58 2.30 2.7%
L [HEIW R | .75 [ ®i) i .5
S0-0-40 b7 14 9% 22l 2,14
30-90-H) LR I L4 43 2.1k 1 146
e B B 11 f.44 L3. 08 5.11 304

Cadiz and Abhicay {1984) found thut the ppplication ob fersiliece at 1he
rarg ol TU-20-100 Eilas of BN-P-KL respoctedcly, per hecoare peaesa'ly  prormoles
virar and prowlaction ol anifocre eows. Clesor spacing yehlod more Caow seader
spacing bug Sedier vigar wnsl meore wpdlorem ety wore oBiained inowsdsr spacing.
lo general, 20 em. spacing fedibeed ot the rdz of U000 and 200-0-00 woas
chaven o by [he Beesr gomlonatcean nf greaer amd leavies rowa-.

Codin ond Herrmene (1964} deteenoned  Lthe siEeel of e aniotien ang
age o euthips an e secovery and yicld peformance of theree vanenies of s
potak. memely Thil,  Latangs aud  Scalling 370 Chey meed iTal delaging
planting of cuuings for o diy o twe seemie be fivor belber recovery. Goneaally
1he wse el starter solution L5 [ha. of F2-24-12 Tertilizer for every S0 gal. of watur )
prumeles preater swrvoial wd etal yiehd, ewer s, ener gl of carkeleble
roo.

QOTHLE KON CRAOFY

Taro, or gabi. yum ar wh and accow ot sre olther soaecee af food. Bedsanel
irvuemg calewral peactices wich thewe crops hd . bezn rather limiled., A fow 5l
tlhow are begwith pacazemed.

Faptirigan {1930] upired thal gabr reguired S5O0 b ¢00 k2. per heatarge of
4 mwsture ol 6% W, 0% P2 08 and 12% K2 O far a Tl sigld ol curns.

Bampap (19301 deermined Lhe clfecty ol andividoal and cormbioed apphication
P L T T T tha :,-1|.'|-:| il -a‘:l.‘:l'.l'lri_:ll'ui 'l-'I'."_Il',,h."'ti.'Ili".I_' JieLs. Thy highq!ﬂ ley oL of
B CUS0 kp#hay mesed with Y0 kg ot P oand 9 ko af Boincreased the viell of
aoreie a1d weetnive s Coligade 01904 o0 e e band, recompnesdod
the apgliciticw of TEG, S, and %0 ke, per beevag of N, T, aod K ocespecteely,

A0 experirent 5 oin progress on the effecy of  pelee i ahe veld of alo o
witm ub varving Dl spacieg. This owds congaeed Yeganse of the ggneeal sraclacs
of the lppness o use suppoet For this crop without considering ¢he  distance
herwoem plinls

Theez i- wo distingl warizey nf arrgwgont o the Philippines. a« the pun? is
argu oply n srini-Culiesated condtion.
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LTI IFATION OF AT JHUWIR FOR FOHAGE

Clemical analysis represents 1he staroing peinc detznnimirg the oudricive valwe
ef lecds, Mendiobie (1931 3o an artizle on the Emwjng of cascava in Lhe Colhegpe
al Apnculmres B P ogave the qualitg of gams of the diferenn varicnes of ¢assava
fand in e Fhlippines {Table X1},

.-‘l,|||'||_:|,|§|'| LS chnndl r|:|‘|::.'||:~r_" ||:g|,|1'r|t :h:L:r' i oalogk fl:n',:-q,!i:ngr thew cin be
wsed onod epbetiluge lisr g consicerable pan of gran costomardly fed to swine  ar
paalery.  Feeding arials conducted ar the Coellepe of Apricollure hase staown eheal
Citvwiread Tty b nbhzed o geeat advasinags by fzeding o w hogr. Thers are
howeser, some »anchics govaa in 3he Philippings, some of which are mere r
less pobonces,  The subeliludien of one Fesd 1ot snether i a0 impomant and ever
Srewent lgadar o swine foeding. Somo feeds become scance, oibers beconue
anevitilable,  Food prices cliange fiom girne o tinee,

Alba (1937) szudied 3 nember of casssava varignes far hop feeding
parrpeescs, Heowecod tour siicnizgs and ohfcread thar o'l vanenes il ro: prsduce
liLal elfecr o pags Ted wila them (Table X133, From the point of view af e
ralt o pmais, the replacoment of feom 3-15% of the ba-ic cancennate ration by
P S I [y | rlr-!lp\."'lrl.i"_'ll'l of X pa:‘tg af fageand 1aols 2o B2 ooae ]'.|u.r| 1,:[ cungikraky
|,:-|'|_'.l....._'|:i: L b sl [:Tﬁl.:lll:"::n! wl ocmapusal

Aipn Valrnea % oad cebsisenly supeier ta thase frnen olher Fogs, It s not
|,';u,_|i-._'||'||;:u:-. and wilh glu.'b-ci Aowver aad ro Aibsrows I:_f'r'll‘:l'ujil.‘:-|3|1 1¥31]13  The r-:p].]_{::-
it el S5 ol eencendrate riien hy passava mieds g pracicsl  nos drg-lat syelen
) l'-:!:;;l:rl;-:'

Fohle T |:.i'|m!|'r]' sl ,I'Ir.l'p'rjr ilf df_,'_i'r.rr.'rr verieriey of cosiakd

b LR iCLy Lhoalidy Flawir
Sanoicea Suo Fodro Prejo® b mel edible
Yarkary [apiena® =P liur
Sandaca Buasiuraes Ry faic
Mandoaca Laplaca b cood
Sy Crnclinnhae P Aot cdible
g Volenga* P el
Aupin Sl MNP very gaid
Arpm T iapecuens o] § pood
wiprn Manteipa® P goud
Conpee Smgkang blanis BF very grwad
K White M g
Foapo Colerado ~F T4Lis
Roaed dnaczmedle MP gaod
wolnie Secoale Inmermediace ~F gt
Yoo wery poisonous
) L— P TI EaT DYy Tw 1 £
" — poi-ones

— inciuded im the prescnr collection of cassawa vanclics of FETA, Tcparl-
ment ol Aprocoomy, VoF.COAL
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Feeding valut of cosvava fubery on pigs

1H TI
(5% Mandioca
Taprcure)
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.21
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2 9%

Lot ITT

{53Ch Alpin
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2 .40
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Mondonedss [(1928Y comparcd the foding value of o a0 castina for
hops, Ouc et of S-oszath odd pags wies Ted with 2 salwe containine 20% <o,
eril the obher kol wan replaced oy tegee v woeneht of prelect, choppal rs ed-as
The cisitvan It anagle an m-:r-lu' dan'v gann gaom pre ol 1040 kg, 2w on. 0.3 b
Tz former reguired 0,34 kg mene feed oo noske o ke ca [I:.m thy sl

Moandanedas and Ea}.:m (g2 _'} [uwel Tiar M 1].:'-.:-. Iaeer hids ofF J-ppesnch ald fraz =
nn ramel e’ palvlrg, nc 0§ ralnm l;_I1I'||.|II1'II'|t '!-I'-”' curn ard el cither o He sanne
rition with corn ceplaced by cussava on ibe basis of once pact corn oo 2 i
cassava i ecoked form,  In prodacing goin, pround wocn proved teo he sliei)ly
betrer thao eimher whe whole corn or 3 pacts conked casgava Theer parls o
pavled coaked cascawa, whwh b wquivalenl B 2 parts of caw osgava had
spprodimately the same Fesding as one part fhol corn grain.

Muoudenerda and Alonoe (132171 reporced 1hae cassava or swesl pohso is 7
gl subslincie for oo in the ration |.:-fJ pras wleen fed in dry lol. Two pans by
weight of Clsava or wacel polilo are above 877 o pae pact coan in bceding
value and 2 parts ‘pergaporg’ ore equicalent te PG Lo athor wonls 203 paris
ol cassava of swoel Dotale and 267 parls of “pongapoag’ ane egueelent o 1 art
(Tal]

Ponu'par [ 1980} siudiel dhe waloe of casaws relyse mcel and rce bram 16
leeds Tor growding wnd faltening pizs.  1e rale of gain, cassavs refuse was onby
B effcignt when substmaled foe orice grwin i the Collees stapdard rinlivp
-l,:ll.lring 1 'l"lﬂ-d:l}' fccding pl:Iil:Id. A oo the amoum af Teeed 'r:l;|'|,|irc|,| I ke
1 kiloprm garn, casgava refose oveal was &% elcient a5 compaersd with rice
bran.

Tapfek mcal s a good subsiioere for com o the micn for privaaon and
fulterfng pigs {Asicn, 19311 e compiared paplek meal and corn as basat fewd
far growing and Gitsning pigs. He okserved that with the arncont of feed
requirdd Ton 3 given wnit of g@ain ot the bosis of comparizon, gaplek meal was A0
A% elheen s cota for the 210-day feeding tes (Table XLLLY

Table XTff. Feedirg volae of gapiek as o sphstitple for corn in pigs

Trerms L I Taa 1N
Avorape iaiteal weighl per nig 7.7 ke 12.71 kg
Averape final weight per pag T34 k. 049 ke
Averagee daily goin in woight 0,30 ke 0.27 kg
Fewd conagmed por koo gain 539 ke 5,08 kg

Tubayoyene {1935)  weed cussava reluse med o Lhe ragion for growing
clicks, The e bram fed thicks coow Basder than tho-o fod with cus-g«g refosc
medal  Thewe fed with & combinmion of cossava and rice bran were aermedewe
im ciee betweyn those Tod wath rice Feean ol cossaea with o weadzuey o0 apprech
theee of rice bran.  The cogsiva refee meal fod giovks fand 1he <hghiest percew -
unc of monrahey 5% 4% thoss (bl with nice brien, 21 5% and those aibth condbanas-
Lo, 42, 5%,

Fomme vears g i was corsaleree weany wsscatial e supply saceuleny feeda
10 lisestock 0 cocury masinem prosdle Freae amy mafion., Some of  These are
lrave- ol sweer motalos tipil-ipl, youap shools ef Centasema and Cetapagonmnn
Same o ke ocdised on conceanlryies abone, bul cxpevboeals bave laoew 1hal
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through the wse of suitable farage and pasture conpe pork oy e prodeced 1 oa
winch loawer cost than whan oigs are maictained o doy lots o expensive con-
CEklrales.

R{lr_lrigucz: and Kohmeen -I'.‘}E'.'] ety LRy £IZ i1 pasluTee dul mnmades-
ably beflor whaea given 'camale’ vinee Gn che forp of sedtage inosdeiisn o e
Cruezenirale plone.

Whon aapid srowm and developaient o Lhe objecd soupkl Tul Trediag wilh
ddry min wi'h avecty wooa goed pasturne ke cween potaws a2 Bener praoice 1hin
hmalinge 1he walmn {Sormmy, 13330, Sweet puetats was a omincked ﬁl:p:l::'ia_'lrll_':.' Lt
Calepogomium as pastute for heps, Tult fod vroon limiged salkop,

['.Iq'rl*__,n'ln and Proauly (19500 (LA 31 PHI A | CenLrsen, i'|'.|i| iFI:I| angd s
FRt3lnvimes 3% preem feeed e cheche. Father e ¥ orulopreen lzinsrs a,nd LI
shols of “ipil-ipll* and Centmescnii gmv much belter than sweet potaen Scaves and
polcp slwools 25 icen beed For arowing chicks (Takle X,

Ttere wore no sienilicant dilferences in digeslion ecefficients Ter arparg
ratter. fat aud proatein in <weet poaw tebers and viees, @assava uwds snd preen
papaya Truits by differea Brecds of pogs Fhitipgine waniss piss had the highes
digrztion cocHicwnt [Lonug, 1956,

Tahle XV, The gepmge pwavlpate analveis of fhvee green feeeds

Constiul Ipal-1pal e nar eI HWESE WL
P I T 4. 89 ™ M3 ES &3
Lrude Pratein 0 a6 L2z b 24
Crude fans 207 2.2 [ Ak
Corbothydraes LY. 7 523 G a
frrgde bl L S Hiy [ B
Ash T 2 M (=1
Calorific valuc/ 1K) crams FF 0 LA 31.03

Casille, er af 11964 | codfereed Lhae corn can he entcely replacedd by eithee
CurmOk: e vt siliage inothe swine cativn. Their Cesl sboesed thar ale canie
oo osreng sitnes rephaced cirooan goong and Tatteping swing ridion, ™o gaie dn
weight is the same ae in corp §Takale 200,

Table XV, Oroximote aeplyaes of comote el coesava faber sioee

I'reeximinle

Dy Crde  Echer  Crude e
Salagn: baver  Ath  Frodein extract  EHber REE gap o180

W i) T T - Tt oramn
Carmnie ruber:
befare en=iling WOER .24 05 0an | 0% 377 —
41 =ampling A3 U 1 dR Ik TH LR L A A —_
2nd ~ampling a3y 1.57 v §Z o2 .49 25 4d —_
Frel sanpling 17 .51 074 02 1.57 53515 -
Caccava tuber:
bobuare o i'mg b1 I T I W 0.9 L2 S0k 171
Isl <amplicg 41 .45 L.BER Q.61 0.0 X 1 SR 56 3T
Tl i.ampling div A0 2 DE [ Kz 01d 72 7% 400 54 iy 7
Jrd zampling a1 19 |57 0 6F 025 L.57 37.14 g 40
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RESEARCH ON ROOT CRODS ITY IRAT
1M AVRLCA AR MADADASCAR

E. Silvesime

fugritwy o Recke ches Agrononigue
Tropeceles of des colferey 1Fivndbey.

Reot etops play an impacant pad o Jecding same Aftican and Malagany
populaers, Inosevaral areas mood crops are $1ill ol 2% oa basie foogaull;
rrimag; e the foresy aveas of 'We: Alca aed af Eguatord Aloc, sarn 7 the
urcas of wol tropicul chmate alerg ke odpe of the drese Zorgst: of West Africe,
ard taros @ West Camerson.  Neeertholess, these crops acd a'se prtown on areas
Iyl beyond these marrew Topis pachiealanly ehose specws whwch ace adaplablo
12 0 wide swnge of crvironmenia. Being newhere o steplc focd. sweer posaie s
clivaeed alinest theewghoue the Afrhcaa ecenncnt sod id Modapascar. Tapa
SPaTs Mgl jm [hoe W iest Fooes ol West ."I.I'l:i-:‘:ﬂr im Al eomritims ol J_-:|:|_|_|:-3I:|.'|]'|:|I
Alnsia and in Mudecuscar txoept in Lthe cold areus of igh attiouds=. Yo celig-
Fnlian s widu.t‘pr-&al;]. n E-qu:|1:_1."i:|| Africa. L:].E.H_',-I Mot 1% an jrl'lpﬂl:'t:lnl: irlze Tl
crizp i Meadagascar ond in Togo. It alve has general use as o cupplenacolar
Frsod arol s parncularly vamadh's as 1 snowrily apadnsr aliastroos coreal ey,
In this coniost, £assavi cultd=ation 35 sprocoding v ip Oy pelagively dey s
of Adred.

[nvesligations on eonf crops 2rg beirg sarricd out by IRAT in Madagaszac,
Senegal, Tabarcey, Miger, Gabon and Cendeal Adricon Republiz; their ingpoglange
varios accordipg B the spueows and the courmricsd. The main ohjectives and
ce wlls ol cheze studics will be described Dislow,

MADADASCAR

The counfey has a wide tange of cowlegical zopes. This divarany s doe
oy The difllercer |JL|"'||:L of ferlilicy of sails depending oo theie pedeleoical ergin
and on differences i <fimaie - (o7 instange, o wet fropical clinate an 1he Basler
Cnaat, 4 ey teomical £hirmabe en the Western Caa L @it avwl areas in the Scuth
and @ hiph clevation teapieal eloniz ik The tenar of the cowntry.

Elere IBAT 18 carryin® ool infereive anveshsslicats on monioe and e,
impamantl cludies o the saoel atarm,  The Grel sludies wete inilizeed akaooe 30
rreaty i, wilh a special aio 1o improve e indsn il crops develsd te slarch
and tepircn prucugijon.

A1 ihe brglnnil'nt' |he~.- Wero F*-r'lm"tlr'r|:|r conremed wilh mosaie conirnl, This
views disease had roconily =pn:'ltl in the [<'and and had seduced vield considezably
Looonr| weas accrapicd by Brzedine fop rescimnge. The crikera [ar = “aclisn were

the rerivtance o mnsane which was gvajvared by wisnal cympraans
frmrng lve clagses of susceptibilty,

— vicld capaciy azenteling 1o the wselul sloech prodection in refetion 1o
the npal weighl of dry matier in the plane.
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— the resislance by sOme robs, particolarly tn physiological oot oocurtheg
in soils which were pericdwaliy water lopged,

The methed wsed was the arnficial hybrdization bepween ¢loncs huving
some required characters.  The perents originelly weed seere selected from a world
grrllectica, the wast inrgresting mmroductions originating foom Beunion, lava and
Malaysa. The use of the Faclors of vigour and of resistance to maseic of closely-
related specics, pactioularly M glosivii, by inter-specific crozs was also atiempted.

Eubsequently the parents of the new hybrids were selected smuong The old
hvbrids with more Jesitakle elarscrers. About Oficen clomes cither cesisCant cac
wilcrant to nosaic, highly productive and edapted to vanmous s2i] 1ypes were 1bus
devobnped.  Chhervations o0 miesaie have shown that g clene resiskanee i nim
aiwavs tinal, perhaps becive of some ecalunon of the phisiological strans oF vires.

The wscoumualation of the cyanppenee glmeoside coment of  ools was
sodicd. This  revealed higher conlents in the roots during the first year than
dJurang rhe secoaed vear witle 2 wakimom in the dry season and mima in the wen
season for bodth pears.

Stodics on maneral wutnting and Fertlizaton have alw hesn performed.
The high nitrogen and polash requiczments of plants were cofablished and & test
to estimils  potich reywiremicnty by Bnalysing e pheliedenn was developes]
Tiere s a (wositive coreetalion between 1he peush content of  phelloderm and
o<t andd sharch ycld Qrganie wadter plays an amportare pare an bigh yjclds.
When Farmyard manwee was lacking, Muycwaa, o green manure proved to be very
efficien.

Lactly, technological studies poniculscly on the improvements required
by the varius manioe wills in Madagascas have been perfaresed.  With respert
to industrial menioc great progress has been 2chieved,  Since 1990, rzscarch
wazk Tas been padiculaely dicected towards Lhe smprovement of variely and ol
the crepping systems wxed in the small farms. o the cowmey this product s
principally uzed as feed cupply bot alen 35 u tupplementary rod in human die
particularly in the Southern part of the Trland whees the main Fzad crops aee ctill
subjected 10 acridien atlasks,

In this way, the work on genelic impravemeny camrwed o sccording o
the same mechods ate wLill aimed 10 ublain high vields, mosaic resistance bup 3l
g lw eyaumhydeic acid content of soois,

WeTy interesting virieties ate oAow gvailablle and among thomo H41, J146,
H44, H44, for stacch production: HSS, HdS, HS2, HAT (o drect ERnSHmpd o,
H32, H352 for drving ard 134 o werv inleresting muftiparpose saricry wlich is
in addilion cxtremely plastic.  The preseol yiclds Troem the yraalg ars ofF about 40
tunz, by oF mors

A, study af the differem drying wethnds which coukd be used in Eamily
farmiz for twbers et up ims pieees (worsotes) showed that complets drving cam
ke obtained with 70 wours of sun cxposure on reed racks provided that slemantacy
precincliang were taken,

Sewzral Arale lergely decentralizacd throughout ¢he islatd ace Being san-
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ducied on variety improvement, oo 1he adaptetion of cultural practices to family
Buming 2od op Beclilizer wge.

Swear ponaie

Work on (hic speries is véry Llmited. Thz behaviour of local varslisy
amd af giwne amproecd varienes introdwecd from the Linied Staccs has been sl aced.
Same local varietws show o very high patewiial prodeciion ofien superior to Ghat
of the intvoduced varictiss. Triale on fectilizer wie bave pgencrally Iadicated a
Eavouraily eHect of pitrogen.

EBMEGAL

The ecolopical condilions of Senegal, wnlik= thess of Madegascer, arcs
relatively homogenoos; nast soild we light apd retbizr pood, and the vardabie
clernene s clisate which propresseeely changss from %auth, whore reinfall rises
to 1208 mm, ter Morth where vaisfall is of aboor 350 wust, Bod in 2y cate rzenlall
iv ccrcentrated ower one relatvely shot ceason,

The majoticy of the population is concentrated in the centrel-weil apen
characterised by B rainfall ranging frem 3040 1o SU0 mm, The producdicn of this
prca pvoewsenilly groundnut @and Cereals (millet eied sorphum ) the laecr being
ir inadegquate amuunts to meel the foodd nequilemignts of people.

In this country ITRAT is carmying out wery extensive tescafch whek apmed
at replacing (he present primilive cfapging svslem wath a system of family facming
which s jolensive, and carrficd on al an increasad leved of soil fertility, wich
diversiied prodestion, and ahe wse of o ravieadl roraonad iegacporiding mined
taarmang 1dract apimal and bBecf cattle).

Here, manene L studie with regard tn cenp divecsifization; ohdcthout daube
it will kecp on being used a5 B cupplementucy food.  Some increased uss iz also
eapecied oy & sopply of anioal feed, as well as for some Jucel indosirial markeis
{lnead, biscuir),

The wark conssts of cnoe solocton on populateons frem secds.  Since
climatis conditions are wnlavourahle (ot the masiic vector tn Senegal the clharagier
of hosisdance oo this viros discase is not taken inte aceount. Some highly pro-
dustive elovies have been sclesed; a relanooship Beween the regrovdh ability of
corongs end che preductivity of cfones has alve beeo nored.

A regards fertilizer vse the interest of mirogen-poiash fertilizers and 1he
incfieclivencss of phecphorws despile of the sericus phosphoms deficie ey of soils
hiss been Fﬂhltcd out.

& for cultwral practices il has been determined (il the Best plont toe
wii Tetween 8000 and 10,004 cuttings per heclare plamed in rows 1, 5, 10 2 m
npart

Studies an the best hervest tme aceooding W olant ars and of the moeost
suilable dates of plinting ime now i progress.  Sinple methods of doying 1obe
roal, cul wp ikto cmall pieces {ooseoitesd which com be vesed within Lhe frome-
wirk af g Bamily farm are aso stadwd,
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DAHOMEY

The counury is characterized by an equawgriel chimae with 1wo  rainy
pedscts an South ancl a Feopacal cimale with one miny sesdeo in Month. Ewory-
where total rainfsll rapges from TO-1200mm & year.

Miniar plays an imporant part in feeding the population particulacly in
the South and yem playvs ao almost cqual pes o ghe Centrd wod Mortheen areas
ol the caunicy.

Work on root crop:s has not yet been vety much developesd becaose
precedense has heem given 1o stwdes on cereels, pacticulady maize, and o ihe
studies related to the Umprovement of cropping syslems @ the position of ¢rops [
the ratanon, the insproveroene of ferobily by Eeplilizer wie ord the study of Eallows,
green manores and fodder oropa.

Ao

The woerk concerning manios madnly ¢omsiils of developing very swast
varictics beteg olso highly preductive snd cesistaos o mascic. These objectives
ore rgd vy be obdaieed by clone ssleconn oo progenics from seeds and fom a
pelrcional Beld in which individuwl plenes bave been selecied among the Iocal
manive plamg the least injured by we. gic. A method which coogists of introduging
ioto & valuabk ond highly presductive variely the penes of misais cesistonce prescent
ancther loczl variety by hybridization and back-eross has ron against the difficyley
o vhtsining synchrewus flowering Tor the oo paients.

Fam

Coticerning  this  species kocal  waneties  beloogeng  particufacly o
[, paverensir, O, rotendala and £} alarg specie; bave been colleglied. Thiz collec-
tion gives mse o ubmervalions partiular’y sbaul prodedivity.  EBach vifety,
iwedecd, i1 adapted to particular wses; early or late harvest, good storage quoalities,
or vse on the ovgasion of some traditional cepemonbes.  Asy  EMpPIOwemenl
programme thoukd essentielly like thiése wirioue factors inta accound,

Indepetdently of 1he varery problam which has been hardly teckled it
has becn shown that planlotion: with BCAH: muunds<he wers the most EBawputable
onder the coaditpoos of toeditional cullivation np mownda. Tall nnw the resoles
trorn Fertilizaton trials ace contredictory.  Lastly, expenments aimed to defiue
yam posilion in rotation arc bring carried out.

OTHEER. APRICAM CDUNTRIES

In Miger where ronditions ore olmo:t similar o thoge of Senegal, 1the manioc
chnas havng been developed in this country ste tesied wrder various ecological
conditions.

In Ciatione, 3 wer and fOmessT couoiry, manioc and soeet potatn vatsefies have
boen introduced.  Munboc  intreducton:  come  gSetplially  from hladagaucar
tpcause of the mosale dizease prosent ny the cauntry and of the incerest of possessi
aleeady resiztant clones,  Sweet pointo introductions core from the United Stags,

In Centeal African Republie works arc limued ot presenc to the study af &
mitusr eotleelion of Incpl vamelies and 1 trials on barvest ume in which 1he most
favourable weaelalive period of the best clomes b tmcd o be deteeminedd,
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MNOTES ON SWEET POTATD RESEARCH TN WEST WEW GUINEA
{WEST [RIAN)

J. Ruinard

In miosl of the Papoan communidics of West New Guinca  (West Teian),
like osn many colher iclands i the Pocifae, the [ogdd imtake oy Jacpely depemden on
a single stapls fnod, namzly zago, taro or sweet Epotato.

The sweet polato is ihe coop of the bigh valleys o the ecnoral pam of e
lerringy, “where almnst BalE 0 che population wees. These people,  whose
existence was nob knewn until teeoly or thidy years ago and who ince Lheir
Twsl comrael with exploress and povpmimental adonesoratoss hadly haee hoza
j:|ﬁ|_|{:nr;|.=.d I_-|:|| mu:_:ud::ru l,:il.'ili.-'."!l!:ill:llr ;'|-|-_|F'I}| ] pe:mi'lrk_:l.h]_'_.- :u.'ltl'ml]'l!ishuj :|gri|;|||1.|.'|:':'.|
av-lem. The perticular ereas are very densely populaled and suitable land s
searce Copssquently, shiing ccllivadion &2 a luxucy e highland  Papuans
from lime immemociad Lavr not besn able ko aftord  They developed sl
apriculraral mctheds permicing almast permanenc soil wtdlizafion, 1t is ther
pricics Lo goow swedt partaco w checker-hoand pardens, which geacrally comsise

of mogy oz Pess square beds, ofteo the size of as litthe a< 2 o 3 ma |, and wide
ardd d:_-cp d':linag-u Lhkizhes hl.erl:'&-u:ldln;g 1he beds.  Aftor each harvesl and bBelnee
planting 1he noxt crop the ditches are doepened corsdecahly Al mud, plast
witkle wnd ather dirt hgs cgeavaced b spread aver the Beds, thereby covering amd
wonseiving Lthe crganic material left over from the previcos coope Appancly
ae a4 orednlt el chis roacine, the oil is kept inoa sufheiznilly Eertile condiion o
pooclucs Bme afer fims san-Tasiary yields,

In every mespeet the phy.acal wc]i-btjnF of the highland Papuans depend:
an the swest potato, @which accounle (o1 nesrly vay honelred percent of dheir dier
[r snlchinan chey cansume neglicible quaotivics of suzzccane, seme wild beros
and pork. che kiter anly whoen ao athe egeacicn of  1he spinadically cevucring
riaal festieebes pirs ang slaughlered,

Of coapse, 1his anhalanced  dist — although, a5 ecadily s adenned, 1he
pecp’e concorned hisve survdvesd on gl for many peneriions — swais x mestter af
preal conczin o phisicians and nutribomst. They deiected vonoce dekbiciercics.
Lkr masl serices nf 1hese being o geoeral prevalence of peatcin malowceition.

Sieps 1o oownterhalance the oreigin eficieney were considorsd necessary
Ll hewwe shrwald thiz pioodlesy be fackied® It wowld cemainly nat be a practiea
cnd Lsnoing welunen meonpazt pacteinsses b fcad (eame @ sewhers far chsi-shuion
goone the nomenaas  highlard  commumities,  which  pzoerdly et know
mansy naT are o pesiticn to cam it and duc 1o the abzenec of  oredds and
navacthie walerataey ars I_'{"l'np|l.'||'."|:|- wrlated from the saaal preay. ThRese{orn,
any alsoc aempt toe improve the dive would have 1o be bised on measurcs
wilkiin ceach of the pecple concenied, wiz,, seEing ooge T #r0i0ats and sy,
griwing ciops containing muzh pralvin snd nereasing the pran content of the
tradenal Tl crogr

The firz: and seoond approesh ans btk bevond (he scops of Eii= paper.
Sulfee @ wr ijy heee that the apricallural ~Ficer: responsible for caeceinp these
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meesures  into  effect encounteted almest imsurmountable  diffioelts:, mamly
kesanse af the mownare dwellers” fetvent diolike for evenphing which is new
to therm, includiop aew food stufls,

The preésent paper deals with mesestch predomnantly cimed A0 improving
the ouecratwinal valwe of the swerol poieto, which was cacricd owt by the Agn-
cultural Besvorch Stwtion, Manokwin, in co-operation with the Departmem of
Trapical Crops  of the Staie of Apriculurwl University, Wapeningeo, The
Raval Tenpical Institute, Ammierdsm aod The Central Insimte  for Food
Research, Uimechl,  Inwvestipations began m 1959 and laswed umit §963, when
the womik hed ¢o be broken off in consequencs of the wansfer of  Wese Mew
Caioen CW'est Toand by dlee Methertands to Todonesia.  Paet of the fodiegs Bave
been published anoscientilic journais. & gneat deasl of the resulis, howsver wus
stifl hilcken Mmoo incernal repoma and ooles. It ssemed wseful 1o recepitulets the
whole of the work in 4me paper o he peesented oo the Firsg Intcmational
Srapraives on Tropical Rool Crops.

CHLMICAL COMPOEITION OF SWETT FOTATOD TUDREARS
Frtroducrory Seriarks

In the literuture on the subject widely divercing percentapss for the varows
cunstitiens of sweet polalo twbers acgur. To a  gweran ceproe this lack of
vraformity may b2 due i pendcypical differences between the clones concermed,
hur it s very likely that alsa other factors pley 8 cobe, such as methods o
sampling, trexinpent  of the sappfes, age of (e crop amd  coveronmental
conditions duting the prowiog pericd.

Conseguently, most of the analysis performed as part of the poesent slody
werte oat only w0 provide data on fhe chemice] compediniem of  qpubers of
ditfe rent clones, ool The saoee ome had 40 vn ot informeatsen on the gt
of these other Iaclors.

Mot onlil 1952, a branch of the Agrculoral Reooearch  Station war
grlablisled in i highlaod.  As a resyh during the gréater part of the research
pericd most uf the ficld wortk hoed to ¢ ¢orced oul 3¢ she main station, in the
bepmoing at HoUandia and leter al BManoksed {both lowland}.  This did o
precent sericins dilficulfics, sines the sweecl paacn grows very well o1 Mw initudes,
Morecyer, 3 large cullection of clones from the coustal aree as well as the Tigh
vialleys and from abroad oras alrcedy evaiable al the main siaEon.

A more doigled presentation of part of the wock dizgugsed] below i given
in Camen ¢t 8] {1961] and Rwineard {1960},

Sampling and freclment of e sampley

All chemical anatysis had 1w be perfovrmed in The MWelherlands, mainly e
the Boval Tropical Institute and pactly ot the Centeal losigote for Fopd
Research.

Prelimirary |lwberotory work had shown thetl for chemicel onelysis Samples
of lkg fresh weight each were adedoate. It was also found that sueh Samplea
provided they cunsisted of bipg and  smalt tubcers selecred 3t mandom From the
whale lot,  #ere lerge encogh to ke sufficienily representative for the apgle
quantities of telers olbtare) fom sizable plots.
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Ta ctonomize oo girfreight costs and to prevend detcricration during
Transport, rcnediately or 2t ;ost 2 fow days afler boing harvested (efespt
the clorape espeeimenr} all tbers wees cur o slices ong thicker then 5o and
subreequent?y dried  al  temperidunes camging from 3% te 45°C, The diy a2ngd
srsp slives, comaining ool moore than 0% maoisture, weee then packed in
polvihens bags and  wmmedinely shipped By wzc te the above-menticned
Imspiecres.

CrREirugnis of edriows clomnes

T begin with 1he chemical compositicn ofF twhers from cight clones grow:
i the saallegticas of o mazin slanen (lowlaed) and fee clones grown in ar
caporimental garden io the Wissgl Takes smoe (highlund) was ascemained. Al
thirteen £lanes are redatively hich-yiclding.  The fiest eepht were prown al e
same i@ and planced and baceesoed ar the same dare. This aben apphes o the
second proup of Live ¢lones  The nesutts are pessented in Takle 1. The per-
centage starch was found by ditect dererminalion.  Sogars were deternined s
glucnee.  Urinde prodgin was (oood by means of e Kwldahl method.  teal
proteuy by precipilating Best all prelsn comgaunds with Cod02 and NaOH

fallowed by Kjeldabling the precipitole (bodh nitropen contents thus detecmined
were mullipticd by 8,25 w obtals the pereentages oode aod real proeind.

Takle | confirms that dhe chemical composiltion of diferent clanes may vary
widely.,  Pariculacly striking wers the differcaes i pretcin wanterl, On dle
whele the elanez prown o the lewlind centwined considerobly mware crude and
rezl protein Than thivie Ercan rhe higbland.  Henzewver, a0 othe (nomer gromp the
raviz reelscrude poolein was smaller Lhan in Lhe latier,  Theoe wers alse oodice-
able Meenees o the contenes of starch and saear, indicacing thar cecgin glones
are much sweeter (ham athers. The diffccences in the mineral compounds werz
reatialy less con: picugus.

Eifeet of ecofopical factars

Four clooes native im the hich wallers were grown st lhe tame me in che
Wiasel Lakes arca (highlend’ epd at Manokwan [lowland).  Ta s’ ool even
the shehiest change of aecedeitally vsicg impore planting materiol, all cuitings
used Hor the taa pleantings had been raised In muliplicalion plots, ane Eer each
clomeg gl cach sie, both plamed with cortings obtgned ine the highland from a
single pant of the pariculsr clone At bovh siles the crop was hacwgsiod when
sevenn monchs ald, Table [ pives & resumie of 1he cesalis,

Two strikicg differonces between dhie two sitcs slamy out. The Brct concerny
the protein content.  The ubers growo in the Wissel Lakes arca ootz
copsideradly more crule pridem and oleo e reaiforsde protsin catic was
nesticeably higher, the nen recol beiog o acal pontend cuntcnt approcin oy Twice
s bigh g, imothe wbers pendoced at Manokwarl,  Sccondly, the lowlnd wbers
contzined conghly biftven w0 foenly limes a2 eikch sodion compored with ehe
highland tubor..

Effect al storage

Immediutely after hanvestiog w fishd irial with the clencs Okicasa 1 md
Lovisiana 5 at Flallangiy, from both clones threo samples were taken.  Qoc
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saanple of oach ¢lone 32 dred a ooce angd dimectly 24m o the Metherlends for
enalysis. The second sample was stored for half a month and thicd for one
mondh, at a shady od wind-swepg place, prior 40 being dricd and shipped.

Storage for half a  mnmik cavsed many buds oo swell and sprowe. Afwr
having been stored Jor a2 month pat of the shoods bad even developed green
leaves. As apprears Trons Table T pactiowlaely dering the [iest half manth st2ong
desiccation sccucred, 1etulting in wrinkbng aod softening of the fubers. W ois
likely that che stosed 1ubers in addition 0o massiure also lost dey anetter. The
compasizion of the dry maner, however, did not vndergo preat chingea.

Effect af gre wher Aorvdsied

Fromo phots plamied with 1he clones Okinow 2 and Unit 1 Porto Rico
(Hollandia] samples were taken iour, Ave and six mooths aflce planting, whereas
plets planted with 1he vlones Mogau and Bueguamotta (W sse] Lokes wreal were
~ampled when the crep was six, seven, cight and anc-half sad muoe and ooe-balf
msiths old.

Tuble 1% shuws 1har w5 o el chemieal cappasition i did wot make  any
sigmificant difference whether  ihe fubers were hervested endly or lale.  The
cnmienis 1 the various constituzods remained praclically wnchanged

Curnlene

From a nutritional point of wiew cirgdane s an important eompnosey  of
swee| polin tubes, Howeeer, since candene pre-enl inostered vegelable material
wends 40 dimtrgeale mphdy, particulatly when eaposed bt ecladively high
lemperatcess, the above-memioned dned saniples wers ned suited for ostmatmg
he canglere content o fegsde Inbers. Instead, mewly barvested tubers from a
wumber of <lones grown i the cxperimental garden  at Manckwari weie
immediately sent by zir to The Neheelands and znalysed ot once,

Lo ws eviddowt Trorm Table % chae the caratene crntzul varixd widely from clone
1 clene.  In ngcondance wilh the resvlts of simliar investipations clsewlere, i
wn~ Tound that the fubers eontained mare ceroiene ag e zolomae of the Flech was
durker.

LIFvrangvdiarn

The anulyrns described 50 Tar have rewealed tlw the tobers of diferent
clones wrown al the sime ome in the same environmeont ay dier considerably
on heir chemical composition, perticulzrly as regards rhe cents of cacbohydrates,
pretein ol capmene. They have alse shuwn that differences in envirorment
misy cawss neiceakle chatges in the nutritional valus of 1ahers of the same clooe.

Sone of Lhe clones in the lowlard colleclion were Founsd Be contuin twice or
three onaes as much ceal peotein as polular highland cloncs arow i e Wissel
[ ukre gran f Pabkhe 1] tin the ather hand. Bowever, hiphlnd clomee poowing
in_Lhe dgwland appeired to produce anly hall A moch el protein per kg fresh
whers s in fheir arignal covirnament {Takle 187, This may indicate 1het in
the: haghlsned cnndikans fur protcin formadan are B2iler than io the fowland. TF
vhis conclusion is Correet, ihen it i nov snbkely Lhat the bect cloner from the



Table 1. Efer: of storgge; composition o tubers o] Iwoclmmes grown af Hedlandia {lowlond] and harvested] when 545

Coolenis (0 porcentige:
of dry BALer)

fibee
starch
AWl

crude proten
Teal prowig

ach

Fral/crude peotein

Dry matter as o percendaps
af the weicht of the tubers
(Before dovng began)

Flealy colowr

Chigin of the ¢lomes

ianthr old {offer dreieg direcily shipred)

Okipawa 1 Loujsiamn 3
Dryving Drying Drvmg Lrving Drying Dirving
immmerllely W omoatly | pionth impsedigiely Y5 momth i month
after afier Bfler after abler after
hatiemst hilryesl heryect hiLryest haryest farvest
4.4 3.4 £ L 39 1.3
fl.5 678 b, B 547 5G9 32
11.2 iz.1 L1.2 9.4 17.5 170
42 4.0 3R 3 5.2 51
j.g J.E 1.2 d.g 1.4 5.0
3.1 1.8 3 1.4 3.4 5.7
.93 . ™ .84 .87 0.8E 0,685
.6 3.0 18.8 J0.4 .35 35,3
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TFable . {Oprareee gmetferls of fresh fuders: of wariows clores grown in e
ciperimenial perder o Menekwar]

Clone Flesh coloar CarMene contént
in g per 100g
dry matier

Ckinawal while .63
Crenioan 2 yelleow .74
Lotiaiana & = aTe .93
Louisiana 3 yellow 1.31
Louisiaoa 2 yelleaw [.o%
Lowigima 4 yellow L.BEb
Futd %clatan yellow 4 {0
Porn B pmk 7.85
Copperakin Galdrush AN me 1465
Louisiana & dirk pink 17.482
Larly Pon aTANgm 9 0d
Linit 1 Porio Rico Orange 33_t2

iowland rollection when crown in 1he highland would make an éven beiler Agurc
with resireen 1o the [pghtand clones in their own envitonmeot tan flndy expiesson
in Table 1. However, thal may be, the resalis obtained strongly cuppotted (e
assunipdion thal it would be poscible to improve the protein nutcidien of the Tigh-
fand communities by making available tu them sweet patato clones containiae
suuch emore profein in their tubors than the tradilional anzs.

Total ath contents and compastion af the azh were fairly conslent  For the
dilferend clesnes and <iles. Howzver, in this respeal dlere was one wary gospicions
exception, vig., ihaf Wwhers prsduced al Manokwar conlsined fiflsen to twemy
fnga &5 much sndiwme  Bs  tuoers broon the Wissel ekes area amd  Hodlandia
{Febles [ 1 amd IV This was cléarly an enocaniosntal effect that may be the
result of soil diffeconees.

Koot crops like swect pataio have oot a clezr-cot srage of matkioly  dn 1he
lovwlitnd people st colecting 1ubeers when the crep 35 only Lthiee ta four msao e
old and offen harcosting is nod compoeled oodil seven or ¢ight menths aftor
phanting.  In ehe highland, when: genwih is ot capel, hareest uswelly beging and
ende ome or dwo mowths Tater As far as their nutritional value w comgecmed,
theee ere indicanons thar it doncs wor inake mgch diference whelher the fubers,
within certamn limits, are hacvested eecly or late (Table 1%).

It iz not wocorimeon That tubers ane stored fr 5 shot time befere being
erirumed.  Takle TI shewes (hae aodsr pvamal seerage conditions duning the fis
wichs e lubers may Hse a greal deal of mcixees. The chemical contposition
af the oy manier, bowever, wag hantly affected

MUTRITION AL, YA LIF OF THE L fAYES

In addition e tubers the highland geople plso consume feaves  of yauny
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shoots, Thete voung and tendec leaves are freguently roazied and eaten teecther
with the whers. The guestion arnse wheher 1his amoonts to 2 ouleitioos conm.
burion to the diel.

Samples of wbers and jpprozimately 3 cm laog top shools were harvested
in Dkinawe 2 and Genjem 2 plots at Manckwari when these plaotings were thoee,
fowr and five momghs ald apgl kwncdiacely sent bByoair 1o The Medherlands  Tor
analysie. The cesults are summacized in Tatle ¥ {rakes [rome Ruinard ,
LGl ).

l is cvident that the dry maiter of the lee<es comaingd cn ihe averape hive
Lo s1% times as maach coal proteit a5 ohe ey meatcee of the tebees, As o canalens
the rolio was even much more o favour al the lessvies,  Also the condents  of
minerale lessded 1 be higher in the keaves than in the tobers

T 5 orue that thest enalyses wers concemed with plants prown o the low-
land, bul thers is oo resasca 1o oxpeat 1hat heghland macrial wool] prasve 00 b
very different in this respect,  Conseguently it may wilh doe oeservss be congluded
(hat youpg leaves arc valueble scwrce of Unportant nurieocs, panticularly  of
proden and carstems, so that there - @very repgon 0o sondlate an the protsin-
defvicm highland commounilies 1the comsumplion of such Isives.

[MFAOVBRE™T OF [HE HIGHLARD CROF

As appears from the apalyses descrbed in Chapter 2. some of the law hind
clones cortained somsiderably higher protcin percestages thags (e samemen bgh-
jand types. Obvicusly, introdwedicon of these clancs inta the highlaad valicys
und, provided the wiclds arc satisfackory, thewr large scale dissibub=un ameng 1he
lrcal commuanities would s2em 10 coattolnng much o «limimatwne of 1he protein
melaurimion.  However, this dircct approach wos oot of the quessicn, awang ta
Lhe oocarrence in e lowland F‘]EI:'I“.I'.EH o aw doknown bok :Lp-'pa.n:nll_l,.' R ICLIY
dicease, that accordmg to wiveslipatens cucried vt im The Metherlands s cnused
by a vicus o0 complex of wiruses.  Badly afccted planis show dwaelish growth
and do mat pruckgoe any wubeea. Impert of this di-caee into the highland couldd
bo disactrous.  Selfng or matvel crossing of highland zlane:, w the hope it
amng 1he peageny individuals cich in peacein would be found, did oot offer good
prospects vither besause of the low protein conteots of Lhe pacealal plasns.

Consequently the only way of obtaimng heter cdanes for the highland was
T Bring in fronn eliewedee seed of pecdemn-rich <lones and 40 seleer in the plant
popu'ations raised Erom this seed indrcidusls with high gicicin sentents and olher
de-irable charactieristics.  The sced coull enher b imported fram bieeding
slatians gbrod ar 1 cowld be prodwced in the bowland collection. Ay 1o Lhe
lamer source, however, il would heve 1 be derpenstrated Grel shzt Lthe viros
duseaie preseny i thesg planings onot conveyed by seed. Starting Diome those
considerations 8 programms wis designed, of which upferumaizly anly o wnall,
imrndaeary pam was ecalized wlen the work ha:d to be brakem of a0 the Rrst

months of 1963, ¥an Rhsemen (1963, 1964, 1965} rmcpomed om rhess
wivesligations.  The fellawing paragraphs are o resume of his publicacioos.

Flower femmaticn of most cloncs oty fowfind colleocon was somey and
ths snsuficicoe for large-seale broeding waork, <o 1hat mchomnary attempre wi
made  shimulate (owerng by artificial means.  With theee clones the ofect of
naining Lhe tendrils  along vemical cocks was ctudied.  All theee appesaed e



T — 1A}

EOT CREAFY STWMPOSIL A

Lenpr= 1
Lorra In =rombga 1 ooniho wid 1 bl ws]
4al Zry reocr] lubrxT 1001 L1- 1, o T
for Ll 1 L | "
amreck -L] %.1 =] 2
WU T [ . | =
HTL: T IE P S my 4 +
nal o a .1 [ '
| 14 1 1y EIE]
K 1 ¥ =17 In e |
b L ] [TI 3] LU 1] '
Wy C IR nm [ =" 1
(S | e 1.5 LU h
S T 0l LY T (k]
LA R L L] uw oM *n "
e CLH :l-1m|::|. w1 AL
[=11g 3J
p*r.ll:-r..-'?ﬂ:?n rprondey 11 ke | L Tl
o Tm Ieih ddghe o b
ol e b | [ A : L5
FHh crirwe 1 . - e
drgit ol ikr doro L . Hu I Skerrinrad] .

TR d T T | [

.g-g

2

i i om s

mEw

A
ERET
L=

2=
Lo

.
ﬁt

-

1
171
In
1
LI L
nin

LU
LU K



RUINARR: SWEET FOTATO RESEARCH 1M WEAT NEW GLEHEs 1 — 140

3 — L Wlanars o g e, Ld an 5 morndr e plidnag

ficaema @

1 dmivdba rkd 1 ot <l 4 mraha nd
ubcia [T N labrss [[W T8 b (Y 1 1
L b 1 * s '
-~ Al (L | ira I 4o "
Al b ] miu 1.4 ina 18
[ ] 1n h T L ] ua
LI an = al | ak 1
1M - 11 Y -
T A lr | ] ke

N (I 1] L ! nz?

I 21 [LE] HIET] 1 Coul

Iy qT TR v L4 v
nazy Jum I ' L 1Y L Rl '
oEn U [TREE T S na "oy
n- | na o V.o hE N
a T | = ' L IR

1 - L-THS 1

I'rzLn W] Mre %4063
SAnach=r: [ arrbga) | - 1



Tohly VI, Roroloe erpemmer:

LY

cumlEnu Ly
¢ [ERT | ADERT MR
pasdicg  wilbiur k-
al berilisars

Ix quitpl [WHLNH
Irdpdd » 3241061
7,651 kpthka

Ird WAL AT
TAEMEY - 2106
4,040 EZ- ho

ard foeet paloars
TSR] -240a002
L2890 kg'ha

arh “wer porlames
J2/EED - 1T R
1AA0 kst

ruber and grooadned welds iR dour riccrssive plamings rthal were phemied ann bheevetted on dhe dEEr ndlicared

verkinoously
RWESD palaross
Tty 2red dantivy,
EBlkgFy, O, perha

IWETL pHICa (e
L Ml - 2202041
e A kg ha

SRl kB
irasfal -2l el
5,dadr kg ha

o] palacaes
2311001 - 244062
| 480 kgba

e pakces
RS2 - LTA1006D
3.HH2 LE‘he

‘I'neacments
c

saerd

L
Albarmating with
woed lallom

swecl putedom
006 - 2L} 306G
B2B0 kp'ba

weed fallow

awnpl JRbaims
1711741 « Jdrdfnl
LB kghea

wesd Eallow

(K

et
palariis

alrerusting wilh
Crocolarie

Bl pIbRCre
Lrl0se0 « 220201
15 kptha

Crednlarin

1utr| palatn
EEENN Py ch R FEE v
L5D Yg'ha

Ceganlorin

E

saxe|
poLan
allcenating with
groucdnuic

Pl pulaiom
LA MGt - 330 0L
7,650 kg he

provndnels
LT NI R FIFY TS |
1,120 ka3 ha

1went poioloes
A1 000 - 24,9047
1,6t0 ka-he

proemdreal:
Merdrng - 2540052
1,04} kgrho

ni

MR I AY Sd0d s 11



RIFIKARL. SWLELT PO Al RESEARCH [MN WES[ NEW GUIMEs 171 - 103

pn:ducl:: morg Nowers.  Algne grafdng on othsr fpomeors <pecics: followed by
traviing the plants along veclkal racks, Irizd wih w0 clearids, way some limes
bepeticial.  Mutilatng the plents by remaoving & wedpe of bseoe hall-way across
e main ctem just wbove Lthe rool cellae amd icainimg gl oo chis case the endols
along vertizat ragks, was for one of the tao clones dested fuvourable bot did naot
priaks any differsnce dor de Hher. In order 1w give an ey of the quarditalive
msulez, it rvay be mentioned that the clone Taowising 3 developed ducing its
flowering perivd when growoeg in the erdinary way per plant oo he averape
1 Mower i 100 davs, when teained along ragks | Aowsy an 30 davs, whyen pralted
on lpammera congesia B RBe. {the beet one of the stocks tried) L flower in 2 days
and whew incied alsa L Hower o B doys. Twe mone mathods wane oo, v,
fertilizing the plents heavily and redecing the davlight pericd w Bl hours, hoeb
with une clans.  The former wiss virwally wfeciecs; 1he laer reduced Nowermg
10 zera.

MNawral froit settieg in the kawland colleclion wus often spotadic  bal
somelims mucdgrate (o 1o 25% of all fAewcry uwunder abscevotion).  Froi
setiing after actificial cross-pollinatmn was wwally geodd  (up o 5% of the
Howers pollinated}; in a few imstances, howewer, the percintage socoess wias
zern, this appacendly beine due W0 STeessncompalilivy Bevween o pacental
chones voncerned.  Aynbcial sell-poilinalion proved onsvceescbul o mos§ of the
clomes 1esied.

Under natvral comchiines swect polan sgcd alten El_'ﬂt'liﬂ':ﬂ{' very slowly
whersds the pemmination percentupe & low.  Yiriows siperunznts were coodocted
to i_111|;|;|'4;|1.'|,: this. Scanficatiun mar the t|'|_|‘.r or  he hidum :,-i-:|d|:|j 5:‘|.|;i5.|':|.-|,:|_-:_'|r:.'
ceswlts, but better sUl was immersion of she cveds in concemirated sulphuric acid
fur ten or (wenly migaes @llowed by rinsiog them tharaughly o cl2an wacer,
in ane ciase b lateer treatmenl riised ihe pircenlape gecmination aier ooe week
i compared to the check feom 10 1o 70% and 0 guothor from 20 10 9I¥E,
lmmersjcn af the seeds for 2 minuie. in bmling waler kil the embryos.
Placing 1he seed in @ livde water of LOPC and allowing it v cool dawn tre room
temperislure was put spgeessiul eiiher, though thns treatment did ool %3l che seed

The hreeding end selecting progrimime prsper was only in ity exploralory
phase when the work had m be henken off. el wome mertods and finding:
seem worlh menticming.  [n the Towland col’ection parents were Shuisen on the
busis of their yicld, wuber shope ond aize, peowcin pecsentage and degeze of
Fertmee 10 ke abovesmentioned virus Jisease,  the fongus Flsinoe hatatas
Jenkins and Viepas ard ihe weevil Cwiaar formeicaricy B The yoong seedlings
resulting Eroat enmieolled coossings wem durine the Brst crmical wccks 1@iwed in

ts ond Lhen transferrsd 1o the Aeld, where by cepesiedly promng them 1he
derefnpmient of new shoote was stimudated. Ay goon ot they Rd fenned cwnugh
foliage 10 cullmgs were aken from swch seedling and planted in onge rowe amida
iwo rows of the test Cloms. Thiz plancne constiiaied the frsd celection Toand.
Dwring the growth period and when barvesting same five months afer plinting,
the perlivmgnee of  1he new clones was compared 3 that of 1he adjacenr sl
clone rows, wherehy particular ariemion wae pand 1o the chataclerisies mentioned
befors [eSeept the protein peccentage, beciause the cquiprnoert nesded far simpile
and rapid protein detecminalions was min vt gwaluble). The worsy 75% of
the new cloneg were then dicgarded aad the fubers of the by 75% werr plamey
w provide colbngs for the second <cfectinn planting  The proceduns durinp the
secood rownd was sunalar 1o that juthe Gra, the only difoenoe being what  the
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rows wers much longst.  Again 75% of the ooy were dscarded.  The remain-
ing 235 were ransicrred o the dhicd selecedon plandng, where sach now clome
z

oooupied A square plot the size of M m wod Was secrogrded by adeatical ploss
planted with the fesl clone.  Again the same seleclion procedure was pursoed.
It wars imbended G discard onge magne T5% af the clones and e e the seadine.
ing 25% {that is 1% % of the initia]l number of seodlings) in full varety 0afs
Hoowever, on dermination of the wotk this stage had nov yet boen veached., OF
coutye i was ko saily o draw oocleswing. Neverheless, o slwgld be remiacked
Berc 1het in the gencrative progenics thus wsted several proaspectively good clooes
gcurred and that with reipecr to yields and proportics of the wber. (size, sleape,
color of the Mesh angd coleer of the 81in] there way evidence of an appreciable
rewamblance belwesn £ach offspring in its entwedy amd {he parents. At the high-
land station, cstablimked i 1962, a3 sinilar selecvion prograome sy stictodd,
weimy seacd recejvsd from the ULSA . gnel Japan.  Lisforunsely, this hed to he
kroken off elready o [2w months efter its bepinning.

MOBRE AHODUT THE EFFECTA DF ECNAOGICAL FaCTORS

Earlwer in tlais papwer allention «=s drawn te the ehservation that el chemical
composilian of the tubers of four highland clones when grown in the lowlamd was
difeicat Trone What of the tobers of 1he $arme clones wheo in LRoir c._-igi-ni”
nvironmenl,

The farmers cannot alier climate and weather  Withio cectain lanies, b
cver, he v capeble of changing the chemicel and physical properties of his cnil.
It 1= important 1@ knew whether such chonges inffucnce yield amd nocreiom)
qualitaes :-f the sweet potato crop grows o this soil,  For thatr scasop in 1960, 2
raracin tnak  af  ;any paars' diralion wes initialed ae the Manckwart s1ation

(lowland}. The cxporiment was lud out &5 3 latin sgoare with five e ments
liring: —

A — continuously sweer potatoes, withoot Femilizar application;

B — continuoosly sweel potaboss, wilh feriliaer application av neaded
C — waocl podaloey aliccaling sith wesd fallaw:

N — wweel polsdoes altematng with Crordlaria woarasrosndis Itk

[ — sweet potatoes alternating with groundouts.

The suit used for he trial was a sapdy loam, rich in caloium, weEtesium
potassiomr and sodions, aned poar in phosphorus and organic mamer. 1 was
therefore decided tu apply o treatment B (pom the second planting onwacds
ol kg B, O per ha per planting amd not 1o emove vegetible materal (cwecpy

the 1ubers ord wroundnuts] From any of the treatments ibrouphout 1the ducalion
rf the expenmend. When Tarcesting, samples coosistng of mebers and 36 cm
ooy ap Shels weee 1aken in esch trestment @a:d |n'|rn|;-:|_1'|:'l.rr|:.l eannt by ot no Tl
Medherlande fer anolysis. The £loene used was Geemiem 2. The aufeirme of foenr
plastings—-afler e foorth the wGial Yad 10 b reminaed—is pressoied in
Tables ¥It and ¥II[. [n ampiihcnlion of the data it ic menfioncd dhac che eanher
long inteevals between any owo consecudve Maming: were dus o the weather in
those perids; lack ©r rain prevensd the planting of sweel potate cudings. The
grecpiivnatly low fuber yiclds of thy third planting were te reah of an exphosive
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tungus infcsietion [preswmably & Seleretivm sp.) thar in all plets killed the
greater parl of the Taliage during the third and fourth month afer planging.

Noticeable  dificrences in yield and chemical cotnposition of leaves and
twhers due ta ircatmenl daffcrences did oot yel crop vp o these four planting. Tt
b not unlike’, however, that cootinpuanon of the expeciment woold eventoalky
hake shown quite 8 diferent picture.

SUMMARY

In the highland valleys of Wes Mew Cuwinca  (West Trian}  where an
cetimated three or  four londred thousand people live wuncder veey prampative
cumlicions, the swoet potwio it by Tar e meost important crop. Lt accounts for
almest one hundred percoot of the humen food wlike in the area.  Ax a resull
of this vnbalanced izt waraens deficiencics oooar, a general presalence of pootein
matlout nicn heing the most szrivrs of these. Dotreduciion of sweel potaio chnss
with a higher prssin conlent than the teaditional types secmed to be the best
poesalile method to cownterbalinee the protenn deficiency.  In 1959, the Agri.
wultnral Bescareh Station, Mapokwar, in couperaliom with several instebules  in
The Metherands, vared a rescarch progracoone aimed al thes gosl.  The work
was still in i imtroductony phase wheo it abouplly <ame to an end in the fie
maonths eof 1983 L e present paper 8 deseeiption s given of the Investigation
metheds applied and the resulis obtzned doning these four pears.

To brein with Jats sboun the chemizal composition of M whers of o wwanher
u? popular lewland and highland chines are presented.  The figores show thal
on 1he whols the former were richer in prodein than the latter.  Tn asother
asperimenl tuhors of - hiphtand clones goown a0 their natral envirenment
appeared 0 contain fwice as much proiein 85 lubers of the same clones when
ECivwT in the vatand.  This may wndicare that ip 1he higﬂﬂwd condions For
protzin formation are bettzr thao io the lowland. Fuorthermers, tn combination
shath rhe eata nbiained Eroon the fitst experiotent, i suppors ihe a-gomptian rha
it is possible wo provide The highland enmmunities with new clones which produce
consideralily more pratein then the tradicicmal types.

Ltorags of the whers end the aze on whick they were hernrested hae, within
cerluin s, spparenty wo or enly & miner effe en the compesition of their
dry matter. It was further confirmed that the caroleoe percentage of ubery of
diflereol lones vared widely and that it 1ended 1o be bigher ae 1he colour of the
flesh weas datker.

Analysis of young leaves and tubers of the same planly revealed thar the dry
metter of the former contained five 10 36 pmes 3% moch poein as that of the
latter, thus prowing b these young leaves, which the highland peopbe nse as o
vegelable, constitute & wery nutritioos food.

As part of 8 comprehensive breediog programme methods 4o stimulae the
Towering of variauz clones fwd 1o impeave the petminatiom of swéet polats seed
were siudied. Al 3 beginming s made with seloction work g pew elones
dewelnepeed Tram seed.

Finally (he praliminary aod siill inegaclusive seacits of a cotdtion Lnal, dhat
was planngd 1o eatend ceer many years, arc presented.
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MSCL SIS

Prafessar Flariang -

m 1. BEulmerd™s éxtr=meély interestioe papar, e K9 ofskioTed e aae DAL 1he
pragtice of uflzloy leaves by roaslng, | would Diee 1o know whal ke osetuelly means
by “romeletg’. T di¢ A Hunk 1REt Lhehp3 gotb ime TIgRt word,

. Ruchard .

Il iz e the word that | mentmoed bot may be oot 35 a0 the paper. Actoally the
leaveg amv: rapsted. The Eghldad people de oot hesve any dwdking wbenslls se They Dul
the wnpreied fubers Jole Jedyed, 7ORE e S0le LOLE Afed ead L

Projeszar Harland -
Whet o the l=aves Javk [lke whet they are poveessed o 1biis way™

. Ruwnard
There: is notk Hueh [BA,

Professar ffarland |
Have yau raten these yourAelf?

Trr. Ruddard

Ng uir.

Hrefeseor Herlam:d

[ 1hank 1hal zhis is & leagen 1o uy 2l We go a;amd Lelling 1be paive Lscmers
wheil to do, ond T ANd Ehar wrery Sew penple have agfen 1hese things thei '_.I'.P],- inlk
aboul. Maw thig #thema for jnoconog the notritddona] quslity of Lhe @weel potaso Is
axrrerely Mnpartani, buek 1 notles 1kel e bersn with bigh yielding clones. dnw |
itk that it &2 colher onlikelr that L begh preoledp canten) waold | fodnd i the
vield nf carhabydcale Lr Al high Because, o geteral. “iece 15 2 negajlive correlacink
betwmpen puoteln conteat and the yield.  Fac ewariple, i rou selset whept fnr Ligh
mroledn contenl von omave A raocom AR tedacHrn kg wleld. Ty al=a AIplice to anger
reMe, Sopgor gane with o high ebragen cantent b5 lgwer it ¢1e]d teao the athers. Thas
B & prnl e bear bl mdnid, bthat you Skust preserve & bolance BALweRy calrbohydrole
and predebn.

Or. Ruiwary -

[ would hika to comment an whal vow sAad bt the pelatlon hetwesn cachnhydrate
pmel ratetn. It w ok what we heve foung, in our onebyses, but [ shauld say thal we
hove wooked oo tnis for anly 3 ar 4 yeaTs We RRee only ede & DEginnlng and we
shopld Teee gong facther be the dberctlon whicl poi peniigned, f we bad had thg
me

I'rofosacer Hariond |

with regard e B1ls Temark of mine, | pmaw imail youp work came to BN Jbrupe
and wotimety o4, hul L e for The guldanee of thase working in oiher paris of 1ha
wasid. Af far g5 my hilvgraphblcel rewearches Mave Eode, 118y aTd ool coioplers,
buy 1 understond thel the Bursians hewa Bat pa high & 5 geTennt 0 pralelo a1 a resul!
f maelr s=lectlon work.

Row il e waZihwinke pomiing ol ikat 17 ymL candusk analvrsea af a 15TAE Fandnn
semple wf avmla®ir plents, the pretein cantent will fall an e nermal frequency dlary |-
It tkgn and froom this normal MMegueney dl3ralition ealolacibe the s2andard dewishinn,
ibe the=arelleal linlt of zelectzopn would e sboul 3 Himee the yandaced deviatien and
that is Lhe HFure | thmk should be almed & Io eelection, Yoo bave & celnE 19wardq
which rou can uselully work. Mow, B undesstard zhoe: this civllitation ihet pau wee
Wlklng abaut was o rckkless ciwilizallor.. [Hd whey Mave aov souales of mllk:
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D, Ruingrd !
Ma, I dawm'l 1BLLE 0.

Prafesror Harlamd -

They are o gerles of peteral peolleimnd — world wide probiamd. The bPoblem of {he
o1XIera civ lizadoos sod how 1key have resolyed Lhelr pooblems |5 8 parl of & gederal
phenomewon.  TIe Chinets aalved st by the domesticatlon af the anga henan; and the
Andean people repnlvd [t hy the domesticatlon of Hee guinea pig, wileh is e pooiein
unlt of the Andean peaple. I v wasbted 1o poOLat anc Lhe Feneral nivnamenon that
we have to conslder mollklese elvallzytons in genecal.

. Swinard ¢

I would Hke B0 comment on Professor HReland e TEmECks, [OoF which 1 Am very
ihonkful. When he go1d about the Buoselans having fouod 5 percent proteln bn mwentd
pulatn — wark i Tresh waight or dry Wwelght?

Predasior Harland
1 dg nat koow bocapee | kawe nol bod aceess ip the repory.

{3r. Ruimrd

Just mo pEavent, misunderslanding. I wes ApesElng of 1he highesl prodein roekenl
gf 1.7 iy Presh materinl. Frash mplerle enntoaing &0 ke 25 percedl wbder thoss
candilions af dry prererial, which me=ans thet |1 was real proteln — qot crude prolein
— in those tuberm woas coughly B pecefnb, Lhich Ja really véry moaod.

Dr. ¥Yen :

with regard 1o e, Harland's guesluo alout what tbeas: things eate ke i have
4ad Lo subeist oy slnenlor food and L swest pidute JFaves are just LUke ony aeher
v oannx, They Are wocy O el 19 Mok oy becAuse mast o the bighlamd penplew gsre
ul I¢pat alx specles when Lhey crenk and they arn magkerd dngalhar,

Maw could T po an b cemething alse®  Thare x one watning about b sopcee,
A Budritmlst werklug wiEl R very senlated irihe, kigh up sbowl QM0 fest I helleve,
and m overy poer e Indeed wlth very few resaurces, s uppomet L sobslar almasr
entlrely i the lgavesr becaiess Lhey do onml get maoy tubers  En oihlg popatelion thece
ir a high wmeldiers of Folre and (19 18 aupposed [o be dieeclly eoreelated with  thn
elake of lomwss,

I dn not Swow whetber ypu Sen recomnomenr high Intages of thie material. Dr
Rudnard bar & stalement i bis paper which he didn'y make Lo hlp presentption whch
wad Lhe jaxury of chirtlog cwlibvation. L wl] teke Leive &1 thic An an obekoration after
only ane tAp in Dntch Noew {lgieca god roess of the records Mreon anthepolaglsts wbio
hevn been there sinpe Dutch qul=. 1 bawve never replty secn & completely wormel ghifc-
Ing ¢oldvatlam in Daich Hew Guitiea myzelf. A for as the Introductbon of cropa inte
nAtlve economder, I would agires enllrely wikn 7. Buinacd abaul Uy diTlcaley of deing
such o thing. I would Like ta painl aul nowever, 1hae singe peassnl vaiailon of ihera
arehE theTe Gave heen varioos programmes Lo lelovduce plante ax pesoul, canbhegr, bean,
enlabuibi, grotate. somate All {heae planks werg umsuoraactully sl radiesd b mEztag-
urles and adminlatretons =speclally oo the Aostrallap 2t Tl 1k warerating 1thime
Is that Wher ¥l cevlslt these aress the people edapt to the prowing of thase 18 |ngs or
thoy g @hle ta adopt thenn within Ehe spricnliatal systems. Lhey da wse ihen oow
wn Lhe haghrr orrees pf Hew Guined in some very perullar weys  FThis ¢an be campararl
b thioga lik= prrotirim and coefes which have alao beem smtrodoced and N
nzwe nit een wdapied Inte native aytermd, they hpve wo ba worked 94 a glanloilon
syglem, They are of ne use In che socicty  The othey one 15 viruses 11 The bughlemds
THls 13 B TETY Intorescng comment of Ur. Ruibard. Wa collecief many varlesies from
hath sider of the Mew Guirea conllocet snd we id jac @0e wny vicus syniproms when
wr coclecksl, Bat wien %€ moughl them inlo quarsadne ondet vary pleak condilions
il In & tempwTale wne, then 1hey glacted to ehow [ e mmoes) prculiar patz=res Ehal
He okl Aok LEendlfy the viruses even Wil ke beip of plan peikgloglsts '
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fIr. fones !

L ton, would te stimmuieled Lo make ¢ 01 of commenis du wiet Dr, Buibacd aod
M= Elorland liave sald, Bt | owguld Lee o sperk nf pon thieg, and it ralater t0 1he
curcenl enthugiasiy ln same circles for torng o sclve olleged protein deficlency io
digts b peTeAnng the prodein rootenl of the stapke fuod stuffs. Do, Humard does
nat g1vr us hi bamis Jor cunclwding 1bsl there |8 & protein defleldncy In these diets,
and an imaging reasnn for thls Is 1hat ]J'Tl-'lh-’lm'!l" T QAVe it ben gny dlatary or
oulciticnal stydies 1n thi: popuaiallen of swificdeol reliabilily o demonsirats: wheeker
iberes 15 a2 probeln defesency or oot Bul LE Mhece we, 35 wWoold seem a be moeeh
Tare sense on =economle greund 1w stk LBe =olutlon oot dn the waslc madibeution of
she baxic siafle wheh ks O Barlakd polnted odt, thal of »od 1lam EEeeding Jor nne
trall ¥ou moy Jodws the elher, sid you may e Lrging fo aal] by growing s crap lhat
woitld vleld lega, Just bBecAuLe you Mave & begher proteln conlent  And thls dieear't
make muth =ret. A much more hkely way of oehievmg whet! pou tnay be aficr
wiapld e, [ think, to }ook inta the olber toocs 1hel are ealen aod see i 3t presihie
g |nepdees very hipgh peateln, suwpplemenlary foads. § would spepesl lhat Ln high-
land New Guinea, the acoteln contdbution which you would gob from splnaches ia
avite DlgR and quile fagnefcene, As vag printed qut, zlthough These dweice pee allzge:d
I b bpd, the pomalathon s tbere and has been for Quite g Joog dme, whioh SLRAEEsM
ikat ikry zob prob=ln sémelway or oilh®f. [ Qould alza sugPfest tha'!, a3 hws beorn the
case Im many peals of Alclca, T oy Iad o 16ue quanthiiallve sneasees o U amoowl
A7 peg maal consaaAd . wale waald Bod thot thie war nal a {rdveal contrihkiben.

I Rerikard

l wauld H¥2 w0 answret 1Ir Jonec, ghoul ihe cPoaTk 1 the firss place, yawu sa:d
soirpethghg atknut the poptein [acior. The quonty of the foatths fectap Is prabably
whal yau meaal. Thece was an lovesl:fatian and it kes beem oompleked 8 Toe ol
‘chers and Ieawved wice 2602 oWl b0 the labeTatories in the Metheclonds | and they J0d
xere TepeaTeh there 10 And omt L quabkity o 1hege prleldsws. Mo conclus:on hars beeen
arrived al, so we= da not kmaw haw chings gre. 11 wouold fsave 19 16k more -lmoe o
compzlee thhks, This b I cwichmillsls and medlieal daetocs bR decice. Aaned beey
deepdedl RIS gnd berpme preity alirmed sbodl e wbaalion, so thiey pushed ug 50 da
romalling alwouk 11, and 10 the: srrand place 1hrTe was Mo <hoice, 1t 5wy drfirul
in 1hrge primikive socielies to change habits — 10 charge Focdlnn linbiz, fabits nf
I ang £o [GTLH — 5u wWhal el cal ydu 40 e (3 1y bo lmprove 1t fond Thoy hawa
Thry dn oat wen! to st wnylh:og niga
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SOME ASPECTS OF THE SWEET MOTATO AND ITS AGRONOMY 1N
LIGANDA

_b_‘.__

&% MacDonald
Makerergy Lintverslty Colloge

Allhemagh the sweet potate is & crop of considereble woportange i Uganda
it has received only & littfe agronomic research atlention.  This puper presents a
tevicw of the existing knnwledge pertinring 10 the growing of the crop in Uganda.

The irporradcs aof saer pololoes e F partdy

M the food crops grown in Upanda 5% of them, o fermis of calories. ace
{he perishable commedities, Bapanas, cassavy abd aweel potates,  The position
nf sweet potacces  in relalion 10 alther ford coops, both as aorcages and total
calorific vifues i shwn in “Table [, In 135% (e swesl pHatn-eicame griw was
sufficient to  provide 390 celorics per person per day, assuming oo wverape
production of three tons per acre.

As @ food-ctolf the sweesl pato is grown almost entiecly Foc ivs iuber.  Fow
references exist of the sweet potate leaves being used as a spinach; however The
bexves ame used as fond for Téapie in fish pond:, necaswnally [vd 19 cantle and
sometimes [given W howsed pags. Do those argas with o cood rainfatl disoribulion,
such es the femile coescent o und the Norh-YWestcm pans of Lake icwris, 1w
sweel poLsla s noemally harvested picoe-imcal and cates within one to thrnee dayx
sfter haregsting. bul in chase areas with pronouneed dry widsons and less reliabfe
1aiofall, part ol the crop 5 slked, deied aod storsd,

Tle disimhaiison of the sweet potato ceop in Geandas has been descpbel m
detait by McoMaster (1952, The crop is o be ipond vwer 3 wide altitude ranpe
cutceding up o TOWI Tt OF note in Ugenda is 1he larme acreams of sweel psaramcs
in Sowth Kigerl (imo1he south west of Tlpandal, an arca equal o one fory-fith
of Ugande but which bas abuul o =inth of the 1ahl sweet poloto pereage. The
largent swetd potalo oorcags may be associated with land pressuee problems wed
the Eact thit Kigezi v o high alticade area whoee cassava oes pot thnies.

The reladive imporance o swerl potatass from an acrcage viewpebil, i
jndicater] i Table ' For 1959 whe 712 Lhowsaad acrcs BIW I WRTE l;:qui'l.';lll;rl
to §. 1% of the rolal agreage under volivition in Ugsnda, and equalled (11 of
an aote per head of population.  The acrezes per head of popslation for 1be
petinl 19231903 for Buganda, Fastern Region amd Liganda s shown in Table 11,

It s of intzrect o heree in Bopganda that as the setenpe of Robosga eollee
poe hwead of population incregsed. 0 1the acicage of 1he perishable Tosd crops.
banans, cassiea and swoor potaocs decliged.  This b shown in Figure 1. Tt i
possible to infer From thie docling in wcreope that there was o change o dict s
mare fash bocame  available, but the more Lkesy inrerprelanan w thal the
inercaserd eash eamings allewed dhe pupauluig in Bugarda 10 be more indepesndem
af thy voganes of the weather {MacDonald [963)
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Fohle [ Foud crop agreoyer 7f 1) ssiimareg wield per gore wnd  orad calorfic
values for [pmadyg i JO5G

Crop Arecage Yields Calories/1b Total celorific
Y s acic*T FA D values  value (gl licas)
Hecans aTe. s 2001 b L5665 1ED 444
Beans svi n L L 15201 1,5M3
{acsnva ATE . L 5 1ans 4054 3,741,728
Grams 9.0 200 s il ik 2817
Cyrvand puls
Lim shell) 420.B B " 1760 SO0, 934
Bl iz 54 4 . LI 1415 464, 949]
Sorghum T05 .2 (e T 555 A57, 052
Fingvr millev 12705 Gl ™ 15005 1,147,261
Liwlruzh 5.4 A - 15%0 3,713
Crions 2.0 2 rons 168 1,504
Picon peas 2249 400 1B 1565 153,107
Heias Field 3.4 ) | 565 h.51n
Frlanbmins |464 3 3 rupx 320 3. 14R.830
Saoel potatoes LT 3 fops 441 2,104,154
Folalocs
tSealimum ) 3.6 3 17 200,450
Rice 7.4 L0431k 162100 g Lrk
Sin-sim 235.0 o 2608 122 435
1LIRE 276

= Cenans year
=F YWriter's cstimate

Verienes

Tt is difficult to determine the gancl nember of wacicnes o wse in Dgencda,
Fvat s fikely thad the nwmber is well ve in the hondreda, Mye (10383 recorded
Farly-sesnm wikricrics i nne maotaly i Rozaeda @he mulale was aporozimaicly
nae sgwireg mile foesiert} and the writer his Found treenty-seven vancetics jooche
immediate viciniy of the Universile Fann a1 Kahanyolo,
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The characlersties that make a sweel potal varicty acceplable hovz ot
been Tully determined.  Cemamnly yield por acre 15 ned g damensting character; ul
a crial of Afly-Gve swoet posane vagisies cacried out in 194E 4% ar the Sovernment
Besearch Soation, Kiwaeda, the lowest wiclders gave 3 1ony per agre, whilse the
highest yvielders excerdid L] dons porosere The Eact thar the powrer yielders persisl
imay be accounted for By cnnsuneer prefecances i lerms of palulibslily and cookine
charcleraitics. prowth habit including lsogth of growong poriod and dscase @nd
posr reskstance Jeatures.  Oenerally the conswimer Vikes o red skinoed varieiy.
withe o wliie desh concainiog |itle Abse and, it i~ soid by some 2epsomers, e
which wplit vrudes only a 5ide kitea, Wihite skinmed sanetss e casened, bul
are 0qt =0 popJdlar in the markels, The ceasen for dhis is soid 1o be that :ome ol
the whitt skioned Teavy yielding warienws are nod o palatable, hur they are
incli-tirpushabhe fenm the palaable vancies. o penecal taber shape s smonrh
or Toinlly idped, abhough ino Kigeel many of the wirictios grown aos Jeeply
mulged and generally misshepen. Ocenge or yellow Aeshed warictics are wnt &i
popuehir Bul o oceen; Caralime Lea andd Farly Prar oane wn soch vanelies
altherugh 1hey ane more vious susceptible than other varistics

The peasaed Tarmer rarely grows phoe of sweel pniiegs concpaiog of ang
varicty and swems Wwoorefor o misiere of seweriel sariciics; 1he cexsons for this ane
vannhic,

Um0 plesifng

T Lhiewe pars of Bumanda with 2 sl discriboced bimedal rainfall and
reaseera Ty Fornle soils planting nf Swser pncaroes oscun. i ocach monch ol the Frar

Mo, of plots af sweed potatars plonged per meolth in
Mukard ogion (appres. 200 -cuate mules in
exlend gl sitoated 0 Hagecka b TPee yeur averaoe
¢ 1952-1956],

Month ] F hd A Y| ]
1404 1287 1926 21T (e ¥ F513

J M ] O ™ I
1197 1183 1414 LLGES | G 17E7

[n thees ameis with mere marked dry Searonc planting wcndc w be onr-
centrated ol the svatt of 1he maips, bul there sre absn [Eicly eglensive plancin ot
arvenc the swamps during Lhe gy pericd boll as 2 <eaurce of food and of plangng
miteri;l [or e nexo ceasan {Aldrich LSA%).

Time of planting trials (unpublished eoporr, Umindae Depacinent of Aperi-
aulture at Serere. 2 Te-rarch stalion w the shor prass arca of Ugands, show 1het
carly planting gives the highast yelds.

Place in e retalioh

The sweel polieo 3% 2 perishable crop snd s ofzn harvesied picce-meal aver
il |||1|g_ Tll:l'il-‘d af 1ime This mak sy e swert polato 3 AeTiah crop 1 i hide i
arable rotabon Thus cee Amls the aowvent potan being mrown on small plosL
e 1 the dwetling place. outside the eomventomal arakle rovareon vl Some-
lmes the wvel potata is wsed @i o clining crop in the roation, b caample: cn
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li feond where it is weed s an opening crop after the resling pericd.  Although
115 pol nofmally an estate o larpe farm crop. the sweet poete is included o 1he
rodirdicw v the Makereae Unpivessity Oollepe Farm gt Kabavoyolo,

Fira REns aecond Bans
f-f wear Cirass S tEL Pl dlnes
and - Maiag Sorghum
5rd ¢ Groundnuis Sarehumer maize
41, Swcel pararnes Lirass
K11 Liraigs
&h L1355
Tth T Grass Swoet potaloes

Ewoel potaloes were chasen as the ypening ctap ia the rotsticon or (e prounds
el ¢xpenmental evidencs in Kenyo {Boswwokle 19601 which showed chat wheat
ywlds were highest wher the crop followed en opening rool crop, in this case
slanum potaoes, s the aiketice of evadenee ™ e cuntrary i was weumed tha
thie relanan !1i|1 brerween nwect poabcy and maze woauld be sinnlar. [L was glen
cumcidyred thid opening with sweer palackes would reduce the cu'tivation cotls in
brcaking tie prass dey, a: a hine seedd bed would nop be necessary, aod the swee!
prvake crep choyld piee a hewer segd hed for the felbpeing maie coop, Swoe
prialars conclode the cotation, which has the sdeantiges of {a} proveding a good
soed Bod Eor whe press crop (b allowing & longer hameesting period ond [
e iding contincily of sweer potaro tubss for sale and cnsuring 1he provision of
sdequole p'aniing maetial [rom season 1o sgison.

The rocaziom has new been followed Tor sic years gl Kabacyvolo, Whilse the
ratanius has been gul"Er.a]|:|-' sUCL‘tB"fuL 1he intlusion of e sweypr poLilo crp Jyas
crerled bmite d:Miculues, particulerly i harvesing and  selbng thireen soe
tictdw  pielding 4-9 tans of :alealzle dwbers per oacce.  Howewer improwved wond
guigker mugkngls of breaking ehe grass levs have ceduced the liming pressupe.

Plowiag earerial

Lsually willed apreel cuttings, 137-E" in lengh are used, end for profercmc
ey sic obianed from maower pients. Trials ar Sorere  (wnpablshed reporl
'_|g:|ru_|;| D«Epﬁ.rlm&ﬂl '] .ﬁ.gncui!ur-:} sheawed thatl Eor five wanelies, 750- 13150 Ibs
of cettings were weeded W phint ome dcre; b way also cbeenved thae one acre  of
sarn cdge aweer pHaicrs provided soffickent mateeial o plang 10 agres,

Ceneraliy, cure s taken e ensore that the planting mataniel is vieus Fas.
However mistakes are made, particularly as plant. with a prayndry atack du ool
recessanly show pronounesd symploms.

Mekhan of plungieg wad mragiey

In Uparda sweed potatnes are genwan an hills, nuoonds and ridges, bee ranely
an fhe el Clhe Departnenl of  Agricoltore recomimends 1be use of ridees.
croeriafly an sloping land: howeve:r in experimerts nn Jifferences were determined
belween the yiclds of sweel potaeo tbert when phinted on hil's 2, 3° and 4* apierd
i rigdges 20, 4 and 3 aparl. In experiments at the Makerzee Llneeersiy
Callege arm on ridge: 4-5 feer apact with 2 rows of conlings per ridge ar spacings
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2d, 13, B, 6, and 4.3 inches apert, 3.4, with populacicons ranging feom 48, 400 1o
9,630 plands per acre, i was found by Aldrich {19513 thal the spacing Tod
celacively sinall effect on che otal yislds per acre, exaepd at the bowesl papulatian:,
Howeever, thene woie eonsideralale ¢hangea o the components of yeeld. Due 1o
1= u.|:|i|i|:,.' by Eompensats There wis rJ:!:lI'r.-'Eh,' laag g ¢|1.:'|.|'|E|,-.' i 1lie todal yield per
acre over a plant population ranpe of 10AMI-S0A0EL plante pec sz, althragsh
wlon the populaion deopped 40 5000 plants per acee a significant reduciion in
vield oourmed. Abdrieh delmgd olwers as ilose with & diarmcter geaer thzn
1 inch ord his yields werc of 1the order of 5 wms per acre.

In peacral 1he peasant cultivaton o Uganda placts Bis corisgs bee pushing
Lhem 11 an an!ﬂu intu 1he m-l'lul'u;l T ;r.i|,|g|: Lodtil Aosre 1|'|:tn 5ﬂ'FE.- 1,1I- lr'l-e,: ;,:llll;:ir'l_g i:_q
caverer, the drer the ates the preater the percentage of the cullng thit is coversd
by sl

In [963 & cowdemised bleck expecimanl was Lod duwn by the writer, with
ihe abpcr of tesling the adequacy of Lhe planting, mechods wsed Fop sweer podaiaes
an the Makerere Universary College Farnn, The cxpemiment was designed L
comnparg (A} planting om 1ap of the ridge versus planiing o the side of the ridgae.
(b} planting ol PEIE) and 9680 plants per acre and (c] comparing  che
grenvemiconal method of planling 1he vine culting, ic. pushing or drawicg il onL
the ridpe, verdus having both ends of the vine cuiting exgasesd

The expenment consisted of live trealmenis: —

Y The nurrnab |.‘|!:'|.|1I!i|:|§: meunl wied nm 1hg K.;ll:-un}'n::-lu Furm, i.c. 4 '--!:- ’
between tulge centres, wath fwa ries of plimte pee Adpe o0 row nw
cach side of the cdez Caboul o third of the way diwn the redge Wope)
aod with onc foct bevwccn plants in Ahe 0w, geving a planl poputa-
tion of 19361 plants per agre.

B, Plarjug on v of e cidge (4767 belwren cenirzs in ong row wech
the individval plants being one faor apan 2. a plase ropclation of
0 630 per more.

C.  Plerting on wop wl the ridge in vne row, cech plant heing @7 apan ie.,
19 360 plant: per acre.

[}. Th2 sume iréalmienl a5 B, bt in this caze the cottings were driwn
through Lhe soil s char both 2nds were oot adingg,
E. Theswne oeetineot a5 ©, et with beth ends of the cutiing protruding.

The wmncty planied wis Bilambi, o popular Iocat tvpe.  The rolers recorded
wert assessed by ews as being salvable, bur weee nol -t than conces inoweighe.
The barvessed plos wers 3 2 6 yards n saze.

The rosules (Table [T} of this experiment showed tha thers wers no
stumilicant differe rocs between the ceatments in woms Of viehls of twbers, alvhaee b
theve §s a strong indicotion. nesely appicaching significance, thot the 680 planis
por azie popoldtion i toe low and eageing o depression bo the vield, Tlwere ame
howsver,  highly s izmificent dilfvrences a0 the number af ohess produeed per
crealmaent. These hadings confinn AMrach's fmbings hat the swegr povalo s
"a consideeable capacity for coopensaiing for low pland populaions by hegher
wichls per planc CAlduch 1%83), Sweh findings mav b2 of dmportones o6
Fewner who plarts large acreapes of sweet potatocs all o the same 1ime, bar who
wishes ta stipger the hatveaving, Le. b coul) wse wides spacings for (har pact of
the Beld oo be hareested fest.
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Tebde . Analvrig of Yields ablgined from o planting metfiod ricl, Kabanyola
Fags.

Treatment Aoverayrs
yicld Avemge Tubuers/ Avermge Awerdpme
fHer viekd pioL tuber wi. of
plot of in wl. in tubers
tubeTs wangS hs pCr
i [hs acme of prlant
Iubers

A, Mornal

plantig 104 12.7 137" ) 2.0y
B. Flaniing

LTV Y]

1_1f 1.|'||=

ridee 1°

apart ]| 10.3 &t .05 504
. I-’I:'Iurlling

an wp

of the

ridge

&7 mpan T00ck
D. Flarding 13.1 138*+ .19 3,03

1 Leape

i the

ridge 17

aparl with

hexih emds

proiruding %1

E. Planting cm [LUR" 97 4 5.06
tap of the
ridge &
apar| waith
both ende
praruding 100 t2.0 1i7»» 73 2.78

SE. 6.5 Ik 4.9
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Il wag thought thar of the plonisg maerial was drawn agross the mdge wilh
both crds proirmding 1e mote oF |95 homzontal, cother than the oormal vertical
ve sloped planting angle, ithen a giciler nunber of tubers might be initisted on a
larger runthee of podes. The resolts show that theie L oscither advantage  ur
dls.il-l_‘l'l.':sr'l'l.:lgl,-. in -:‘]ra.wiﬁg L] F1T: ['Itil.l'll:il:ls, malLerak thmugh the =l and I:.m-ing bHh
onds, protcuding when using the vanely Bitambi.

The alher absepcalion om this tigl wie 1hast the Tuem lebaurer:, who assisoed
in Ihe harvesting ol the plots, feund | cosier 10 barvest tubers from the plants
tha had been planed on the Wwp of the ridee compared Lo deose plantesd oo tee
smle of the eidpe. Az diers in oo cigaificont difference in yicid, whoethep e sines
B pl:ln[l’.‘-::l e g or 1he side of 1k fi.::lg;:, ther o walld seem thn |:-|.'|1'I|ng
un dop ol the ridge has Che advantage, io veew 4l 1he edueed harvesting clore,

Coatiers) aperanions doring tRe growiig period

The normal practics s to give 1he crop Dvg o three weedicps durice e
crovwing piind, a1 which sime 1he cidges, mounds o Rills oeay be reshapel. As
th wwrat puiai plots e ooneelly siivated wear the Swelling plages and in the
I ane c:f the wonzen Folk the 21andaads ol l.'-'I:L"'IJ.iJ!E arce in Ee:l.-u:r:ﬂ Etll::-d

Crebine (1931 suggested ahat. in Malaya, »weet potaracs, which ware pre-
vorled Tiemy ronning: o b podes of The creeping wiacs, inceeased 1heir yiclds, s
exporimwnt cormdugied by the sk 83 Kabansalo an 1904 e est tes saepeesipgr
v -ienifcard negitive moouls when diing te sweeo pelita wipicly Bagmbi
(Talalz %1,

Urder the Kill!i,'.l'l}'l.'l]l'l corinns and u*ing 1he ".'Efil_"'[':.' Bumanki theae wies a
highly starilicart desease i el when e plants wers Aol 3wl w3 ol
“retle ot the nodes  Whether Lhis resal! iy applicabde e all saegl potalo varictics
o ks, Presumably theoee might by a0 difference bepaeyn thoso wiricliss
v peodoce obers onle brem o the mesdes ol b oripinal planfing maderal, ard
“Feep 1 prowlace cebers at the nedes of the now vine growth.

Tobde IV, ¥islds obeafned from a rantiag af the sodes reial Kabarealn 7054

Trealmen! Wiclda por iclds ner
plet in lks agry im toms
of saleahle uf saleable
tuhers ubers

A Crecpipg vines

duisturbred weekly LS ri:
B, Croeping ki

disturhed bi-weskly k3 1.5
(", Crecping yines

islurbed momthly 1% 17
I [ndisiurbed Atmm 5 e

SE. 144

Afereere s anaf ferikicery

Little work haz been dope on dhe m:hnllring ISTEAIS 17 Sweti] Tkl ez oy
the oo o o alby grown tearky the dwelhne pface ard as Lhis iy The aea in
which mest ol the bowsehald waste s depo-iied chen tFis mey account Fog the
reaconakle siells oller quated Too shis crop in Uganda ie 3-T fone of woeres prr



HI — 1247 KT CROFS SYMPQSINIM

acre. Bigps (10 stafes that, ‘manudne with cattle manwce hai showa con-
sideiable mercase of yicld, and were ibas crop eo be wsed wy cotationg iy cowld wir
adwartage be tle ctop oo reccive the manurie] dregsng.

Warkang, at Kabanvole Aldoch (1958} foond thil applications of 450 b
of sulphate of ammore cesulledl in & hogh'y sprilicand ceduction in yield and
alihouply smaller applicitions hid Ies. effect they also tepded to o give picio
meJuguens.  Aldrich also fownd thet mudade of potach pave a sigoafcant deercose
in 1he |.|r_l.l—- maller coatent of the tuber.

Io 1962 a icat wes kuid ouwl by the wnier ot Kibanyolo to test dhe reuponsc
af the swect polaio wariely Bitwmbi to applicalions of compost, which contmnza
farm yard manwe. The applications were at 0 2% &, 7% and 10 oows poo dee
on 4 latin square Jay o wath cach plot being 173 1 of anoacec. The nieords
taken wers oL the wiehl of Jobers greater than 2 oz and the fresh vines Alhough
there were oo signilicit dulerences (Table ¥ o o e vamadulity within 1he
experinerial arca and postibly becayse of thy gh vichl level, theee were indiza-
tions Ihel there were in fact recponess 1 the apphcition of 1° Y M Scomipost.
The yield of Trash wopa is Tecorded and could be of iolerest sherc live-1ock i
isrcgraied with aralfle cropping.

Tuble . Reswlis of @ F.Y.M Acmpest Trjed Kabaspole (952

Trealment (i FRG] 5 Y 11 %.E.
Yicld ronsfact

tubers 12 16 13.43 13 74 14 &5 13,50 AR
Yield Fresh wnes

in omafacre E. 7% R 22 a4.75 .71 (0. 52 .64
Yield vins dry

melter a0 wns were 1,31 1.22 1.3 L. 1 5%
flarveriing

Under prisant cultivation conditions the wijz normally  hirvest the swict
potam ebers picce-mealk the malure ubers being reroceed individually and  the
print benp allowed to conlinue growing.

Whare the sweel paratne w ncorporaizd into a rdation and grown an i lres
fiht acabe, as on the Mokerers Collepe Facen, which giow. twonty siz gores of swyet
potates per year, then harvesling  praklerns ezn 23dse 1iming problems. The
mearkst 15 noL aver Bexible and cannnb abeanth o sndlilen selens: of laroe guariinic.
of tuber.: in order o increzse ke harvesting o=l @1 Rehangalo gan of e
grogs is wlten haceeste] before it ks fully milung,

T wirrkers using spinde lness are expeciad at Kabarvolo W hiacves? bodwer
dO0-300 1bs of wbers portask Sepemiling an T eeop yield and sail condizions:
abour 1,200 |be per task ic congidered the maxinsn.

Post and disedes

The main pe:ts and chiseases are:—
1. Vi diccases
2. Swiny caterpillar { Acrace goerend],
3. Weewils {Cwlas sppl
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Liltle work hac heee done on conleol measarces, with eelianee heing pul on
LATmal Ciop WYEICne ieisurnes 10 sauleol any uu[hmak;.

Farm Scole Cosidaps

Ie iz dilfcult i not impossibke wo determine costing: for swesl polatoes prown
an @ prasenl acele. The following daa piovides some of the castings winch
excurred in grawing 9.5 wares of sweet ponaes al the  Makerers  Univessacy
Cwtlepe Farny doring the fist raing of 19640,

Total wnsl

]""Jl_\ughing |:5 Shy A1 .50 [ Tt 304 3%
Iesang (o she 24 50 per jore 231275
Rudping dn shs 30 0N preroacre 2E5 .00
Colhecang vioes — 37 mandays* 158.25
Carting vines 25 00
Planainp wincs — 44 mandeyrs* LaG. (K]
Cdpping ik, (k)
Weediog - &7 mandays® A0 A0
Wepding (= shs. HILUD per acee %5 A0
Harresting — LM mandays™ A5 O}
Carting 166, O}

Toeal <ot [ir 95 ores — Shs .32 .50

{ost per acrs — &hs 242 .34

*owls per man day vary dependioug an whelther the laboarers are peromanent
wr casuwal,

Arnlyis of rextingy

arass vield - 119,143 Ibs - 12,544 |bs peroacTe
{aruss revepne ST -

Fucts aer |b - &b~ 70504 — 5hs 75260 peroacre
Cinrss conl - Ehs 2.302.:0 — 5ha 242 36 per acre
Prot - 4 Rf4T 50 — Sha 510 246 por acre.
SulnrRFy

The paper presenis o review of the cxisling knowledge pettaining 1w 1he
rroawing of the owewt potata crop i Ulgamda, Fioures, Yah ol aod per head.
iMustracing che impottance of 1he crop, are given for the penod [%23-19483 with
an caimate of fhe calordic prodection.  Feferoncc b2 mede 10 waristies. che
conswmcr's pleferenee and 1uber shapes. Some details ere oiven of e o7 |11:|n1|'1%
and the place of the orop in rotations. The planiing meaterial used, meehnd- o
planting, «pacinz and post planting cullural eperations are discossed and che
pesuelts of treals o Ealusnpals Farm are given. Manures and Eerdilizecs harvesrng
mroblems und pests smd diseascs are aben mentioned.  The paper cencludes with
worie castings of coowing the coop an a farm szale.

Avkrowiedaements

The aathens acknoea'sdges the pssistance of A, Foum and H M €. Henson
who obd;iind ard prepared the dale itcluded o the Tabkles and Fioues .
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DFRCUSSIGNS

Mr. Willigms -

what Are ihe morphologlral eharactersoes of the sweat potpdo culilvar used i
riur experiments, oo frequener of vine turolhg e relation la yleld?
M. MacDonald

Im {his trinl we prevented rapting af 'he omdes We chid mel artually tury them,
we jual Iified them from the groabdd

Afr. Bilifam: ;
[n thic parilenlac enltivar whot s Lhe vine 1uber ratia®

Mr. MaocDonald -

The wvae tuber rRillo of thia one Ls abok 1 490 1, L2 @ 1. You waald @=t aboul
2 1ha of tbera ppdemnrath the ground snd ghant 2 ta 3 Thg of veoes above the ground.
i ererpe rerspnably proliflely apd yau woeuld find 1 gzowlag ta aboul & to 3 Togt,
g0d it roats repyanahly Foemly AL 1RE Bodac,
Mr, Williamr -

Bld ywao hacrest al diffecend perlods of matwrity?  If sa, what harvesti dat=s &d
wau beer
A Macflarald :

They wer= all haresgtod at bhe geee pericd, whleh was in this case, 1y o
B memlns,

L. Wil -
D¢ wou grade rour Bnal yleld? 1f a0, wheol was the reletlenship of grade o
tima of maturiy?

Mr. MacDonnld -

These werra all graded an saleable 1ubrcs, nnt eoe Whan & s In weight 2oeh.
Anylhing that was jul aadeald= wga discacded, znpd the difference in pledd Belweeo
the cobfrol aind Lhe one Lhat wes dAiotarbed @rrkly, Wiy of the order of & depraacion
ol 0 peroent in Fleld or raleahle wwbers.

Mr. Willlams -

Or what =0l e ar types 4ld v carmy oul Faur expericienTa?

Ay MacDonald -
It wpe g oy Ip,

Mr. Filllame !

How' would ¥oi cliardteriae The growdog a=asom in your experioment In celation
ta reinfell, and achar rHmatie corditions, ahd With sesson®

Mr. Mocflinpld -

Tn gemrral, we AT very foTlumBk= wilh ralafall in Ugands We hewve o boopdsl
raintall which L= sptit vp lntg @ srapnma abéut @5 heches 30 =weh seasgm, and Ol bas
tlon In general 1y goud. This eXpenment wat conducted Jo a2 field of 11 oemoa, of
which 1 inaly puar 2art, 01 lied Boesb planted eorly ongd | harvacled idime at the same
time sy the farm.

Afr. Billiams -
Cm how many a3 did yolt bmse yroopr pooelgaiomeT
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Mr. MarBespld -
e

Mr. W.liiam: |

1 wruld lilke foopakpe a camment. 2l laroes aod §|oars isvestigatind 1usi Lhas
tiing here ol St Auendine and i the txlenf3. bt Berpd§e of Indicatland e L
work of Hpwnes, Waltes ond  Spenes, tThar &1 Ieafrl 3 1h-or way maletannnn betwesp
type of rulizear, Digwe W hatwess and gradc of rober ot bicwest miay exisi, ar Jownd
I peressary bn leok nla the problem of (e effesl ol aadal eogdlog en tubes yizld
agalmsl & breeder apranomic BAckEfnuadl, o reconimendlel ghpt 1ms pcrl of
spprodch ahnuld e Iollowed In cirh wnvREEIRALIOMS.

. Boadlhos .

Tou my oalomishiment L heard Dr. Mardonald sup wba! in TRinda sometimes cven
W ocaagava wonldn't moowe theey SEL] oo LcRl PRIRTOCE 1IN SUT BRERCTICHACE WE And
the rewrrse, that where sweos prlprac? wonldn'l goew apy Tnre sl can @1 Telaplee
wheld of rasszva. What does ne bhimk abaut ks

Mr. Macfannbl

Thiz |5 defxcil o berms o] allilnde. T ¥oa oate Thinkiog |0 ietms ol rainfall, a-
yao go Edriher roatih Inm the goaer areas tacn you Grd cossava caming inoand swecl
mollat gaang 1z, Eut i vou e o oin Merres of Albicode, then 109 the swoet sotain thal
wauld 2o ic -he Righer allilnde shan thr cassowa. HPassihle 020 v 1530 Ceol Yigh g

far. Fromes

1 want 1o b2 leresh alwaygr thes B b alwars porsib?e by framege 3 Caovien Lhe g
quesiian 1L & 3 eemoemoap lhis apparent snnsland compscbon al PERRRERE N
Oganda. | nnt really shere vour cinfiderae in the slatistics o urea planzs, 1aulze
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SWEET POTATO RESEARCIT IM TULEETQ BICO
_— Y e
Calloa €3 Bloscosn

The sweel praata (feomoee haiamac), has always been 3 secumalary crop
w Purre Rico, overshadowed by the loading cash crops sucl a5  supassgis,
ciffee and wlweco.  However, ar present the eale of dhew crmps iz declining.
Thiz i= due, amonp other Ticloms, 1o e very low wages paid 30 f2un lab<urers
in Puegic: Bicn as cnmparcd wich celocvely Righ factoey wages: 1he eandus of
Puocrio Rican fzrm hinds foeoe the Bl sao the mainfand doting e hacvest
seazén, qnd the resw'tand szarcidy of foem labowr;  and econpection wilh eihey
supat, coffer and wohaese preducing coostoes. B has bean n:-lf:m MOre SCanomi-
gally Ezasib’c for ve W0 imporl some commodilics from ovher counsmies in which
the o<t of predustion is very low a5 compared e the high cist of cultwvation io
Mzeie TRico.

On che aeher b, while pebuciion ol these olher imporimt cash crops
in Fucoiu Bico i been deelinirg, dozing recent veors, Lhe prodoclion of o
U, -::pm:in“:; 1he waacpl relati, Tiss remadined ol seable in =ome arcas
there Las gwea been a polizesble ircrerse in pendpctlion. This is dee oo the Taee
that tect ermips hoase abwears boen, sl e’ in all prenbsadsiling anitingg 0 b, an
wnparctant staphe Tucd in vhe daity dier ol the Puerto Ricim people.

Wiaa Columbus came o [Meerio Rico i 14490, sweon potetocs were being
cultivated by the Bosingeen Indiane o5 a supplement 1o thew diet based mestly
e R oend meal. CThe Andigns adlivaged five kncesn varistics  of  ssecl
LA T The carly Spanish seoflecs contiaued dhe  culivaiion ol zweet
posaioes o5 praclised by the Iediang; vl threoagh the speceeding centuries (e
nurthee of cdible wvarictics was gradua'y increared throvgh sclecdvon. At the
present 1ime the Agriculioral Expenment Slation of 1he Uneversiy of Pusrta Rico
v canyinr ool an oetive programme ol seedt pelal rescarch amd ibe seieniitic
deserupmient of wew and betoer sariztics. There are wridten recaels of 1his projess
dating frem the year 1929 oo the pregent.

The greavirg of <wsct polaines ol (ha Apriculoral Exporinent Station in
Kin Fiolras, Muetlo Riee apparently bepan abooo V¥R, Dwacing thal wear and
(¢ Follesiag v2ar sevdta variege: weng 1es1ed Tor yicld and gqoality. B 1925
6 there woie 224 vamelies grown apd izsied, and oul of these vanebes, %3 werrp
selected Tor furiker cxperimentation.

From thea up 1o the present time the Apgriowlfural Experment Stato
by cru nugd inrndocing and sesong aew vinclies for high yicld,  Hiowsawer,
a0 war mpl el 182K thit real cmphacis was given to our swedl putiio rescarch
rrovcateic. Ac thal aime there was 3 possibilicy of #:0ablishing zweet gl ato
canncriey on the Taiand. Ty 1992 (e canmeties wore profesking sweed polatoss
i Frero B, During tho=e yeats the author was an charge of the sweet potang
temcareh programene a0 the Rxperiment Stagion,

Turing, this perind the Stalen aviped Dr. Jofian €. Miller, a leading
autherity on breedisg techuiques  of sweer poeaiegs from Lowisiana Siaie
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Universicy, to belp us in sening up dhis rewr rercarch programme ap bt Sanion,
His acdaiz® anel assistinee were vecy valiable 1o us in improving our fechniques
amd in gelting the promeamme started.

Ciaz of the objeois of this wutk was o develop high vielding yellow type
sweort porators which would sorpass 1he standzed LLPR. 3 variely and alio b
ciTale for caoming purposes Tests miads b0 ouwe Food Techwnlopy 1 aberatony
showed Lhat a new wamivty selected foom this programme and nomed *La Cobre®
surpassed in guality al' other varicties tested for canmng porposes.  From 949
threeph 1955 the work was intensied and heesally thow- ands of vaceties of
sweel voraees wors wesied. The auvthor wnwtreduesd hundreds of warbelss [rong
Louisiana, Georgin, Floridy and all the cther sweel potaia producing sisles of the
Union. A survey <F all 1he wtive vinedigs wa. made and a tew programme
with a (niper collection imitieted. Erecding plots were ectabliched in 2n effony
3 selent befer vaneies (e fresh markey consomptian apd For iadesical parposes.
In additien aboul 5000 new secdling. woere pooduced each year by breeding and
[rom cpen-polmated seed from celected plomia

In addition 0 the VLa Cobie™ variety which §s oustamling 0 0 yield,
palotabi'ity and keeping gueliies fot canoieg purposes, two other cutstanding
:.u:ll-:_:-w wilriekies were dchecred.

Thete aee 21 o high in cerotene cowtene, as is the "'La Cobte" and aee
bichly rasivtant o denueke and poer sl aneditions. [Jowever, these tera varietics,
the "Can~a" and the “Rico,” du #or peof quue ap eadily and coresquendly ars
not &% serahle for canning purpe:es as the “La Cobre”  Mevertheless, those (wo
vanies were considersd to be excellemy [or e [rech evarken

While testing these yelldw varicscs 3 valoable mutation was found, While
hareosting UPR. number 3 %ellow type sweel potatoss, the eothor foumd four
prod size, well Jormed, w-fife owest poiptoes on a shring of yellow caees.  Thess
four white vweet paranes were planted and on matweily, produced a high yicld
il 1l zaree white ¢ype,  From this mutiion was oained the “Blanguita”™ variery
which v creellenl for 1the loeal frech market.  Actoally, the native Pysro Ricans,
paricularly 1he coeal peeple, profer to eat 1 white type swest potalo rather than
sl mere cudritious yellow type, This B of courss, 3 matter of Tood Jiabbc.

Throuph o large wumldar of regional kst conduced doting 194% o
1955 the best time of planting for swert poidioes m Preecto Rico was eztablished,
Im o seriss nf tects, planmiop the sweel podelocs cvery month sibd sub equently
harvesling every numith, it was abserved that e high yvielding varetics produced
a lower yield at cerdain timses of 1he year. 1o sddition it wa. observed that a7l
the warietics Tollowed 1he same paders, producing praportionately more ar bess
at corlain times of the wear, Contiruitrg 1hess monthly feste throuphowt ths
Istend she author was able o establi b that the best une of planting for et
reawes i Puerio Rico was feoby Seprenlser o Deoember,

in thre pest the Brmers had always planled sweed potatoes after the
casar-canre harvesy, which exlends from Limuary 10 Jone, end aficr the tohasoo
harvest in Jameary.  They thowghi that in this way they wauld be ifizing tezidual
Eeeitlimer Trom ahe dobaczo ficlds.  Also, love in the “Prng, 1.4, toward The <m)
cf the sugar larecst, 1here way lone wark in the cane fie'ds and eoovequemtly more
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Tahonter were gvailable o plant swrect potatoss. Voo may he surprised b0 hear
Lthat Lhis maipracte resulted in approsimalely o ity per cent redwection im yisid.

Mring the couess of these expetinents new plantiag echoaques fop swoet
polaice: in the Tropies were deseloped  Conteary b the established praclices,
iy af g Tarmers wiweays planted sweol podatow: on fla Jand withkaut digzang
trenches or making eedge. Ouhers prepaces) wrenches and midges, bat msteed of
olanmny the saaet pelaloes on the ridess or holls, they alanes plapted theon down
wthe rrecelezs. Maturally, with owe Eeavy raing, the sweel poralacs olten booanis
walrr-soaked and many wenldl ne, Tley wene alwn ailicalt to harvest. The
Tacmeas were shown bow 0 plant the sweed pelatoe - on the hil"s or rdaes whers
they conld develng well, wathour woo moucl Jeogee af wooiiure Jawags, and where
they wou'd a'sn b voerer 9 hareest. 10 w@s very ckllicult in some Lases o
coeripee Thise farmers b Shianee i ways, Imoosame communitica T o had g
wiatk |_|1;r|,:1,:|;.|'| a well krswen ol -|:|;'||;':.|_1|:1r imzdveidaygl Tierncer, L5y u:1_|_ir|g up ihe
cxpariniert on the Beld of o ladimg larmeer, spdd plontirp the sweet potatoos an
thee righirey, 1he benciita of this sy<ddem wees convincingly demonstrated ac hacveese
lume.  1n this way the adaption of rdpe plasing sona follawod.

A'nig with these eaperiments, the Flnd Falhelogy aed  Estoceclory
Leparorents el e S1aion alse cid reccarch on disedses and nscet posts atlacking
sl peoeaters, They concentrated no the sweet et weevil @ rlas farmicories ),
which wie chesnn oreal damace o our plantabmns Thi- was oo eannolley]
alter o cermzd o deals wath itceeticides. A Lhat time. Aldrim, whirh was 1hen
wew an the market, was fourd 190 he very gffcclive. Malarally, the Stabon has
curftnued sieg e oewer inscctivides a5 Lhey have appoaccd on the marker;
but with ahe ose of Aldein alone the sweet povas weevil has pragtically disappeored
fram oear sweel potalo plaptations in Poecto Rico.

In 1955 the author pulalished a wehrreal paper concerning all the expse.
mircal wcerk whielh we bad dons with swoel pedatoes up o tho lime, v omler
to aid oor Islind Eprmers. This was 1he firsl bolletin oo swesl pokato cullivation
woor pablizhed by the Agrico’rral Bxperiment Station of the University of Puerio
Rica,

Hantorenarcly, afler developine alt 1his research and new oitceest in the suoeet
natata @s o indwnieial erop in Puacao Ten, ale o canneng plants which had
been established fuiled, doe wr veennic teisons, They ould ot compete with
theg maaniaml ejmancrics;, end also the natve popalation was ool accustomed po
caling the commed prodyer. Moverlheless, ag sraed belone, sinoe the sweel potato
i a hasie siaple in the Paeerts Racan dicr, cotwalion of the erep, paricularly Oae
whit> wacieties, has continoeed af a slable raee ancd Wy even inerered. From time
tn cirte Lthe Jelapd exports sweel palatnes e the contirentol United Staies; but oo
a4 hmited haa, Owe produdtion is mainly o ocuppdy the Teca! Fesh markes
demande, Cur Agriculral Fxrension Service has been altempling o educate
the jutal pecple os ta the Bigher vutrites: value of the yellow oype wweet potetoes.
Trusewives an Lhe Jarges towns and ailics appetently are becoming more eondagios
af the wtammn content el nutiive values of eds ond there s 3 gleater demand
e the y2llow 1vpe swecl potatocs in Lhe orban wepcrrsarkars.  Oradeally ahe
comsenupnind of 1he yellew (vpe s inerciime.  Imospile of this the white oepe i
<till preferred by the majenty of the population,

The Aariculioeal Fxperirnem S1atgn of the University of Puernes Rica sall
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maimains 1% programoie of swéet potato ceacarch,  Io moeetit yeam there has besn
mercascd interest in, and greater demand for all ronr coopa im Pucreo Rico; sweel
PUlatoes, yams, latinfar, cadiavd, dasheen #od whbem, More aliention will b
given o etarchy crope research in the fuluce.

Allboegh Lthere are oo swesl polato canning Tactories operating o Puemo
Rica @l pre end, the future cutlook scems to be guite favowreble foc dwe iDcresss
of sweol potato production on the [tland.  The exporl markes for chyppiog Pusna
Rican sweet potetoes o the United Sietes <an be developed i the desitable
siancaregds [of wn cxpofe coop can be maintaimed.

However, an vversll edecational and advisery prormmme must be carmed
ol 1a Aid the farmers wive s1ill cling to curdated agricultoral practice:. Contineed
Lo-opecilion amnog e vakons gowernment Bgeocies, 1he edocation of the faner,
end liks acceptancs of modero dechnigques of production and harvesting; the protpect
aff 3 ¢onbinental Lnited States marked for the fresh product, the comtigoed meraase
in demand for eweet pedatacs for bocal eonsompoen;, and the developmen of a
pere cfficisor storape and mark<ting sysiem ace all mporiant feciors fhat can
maks the sweel potata 2 crop of mportance b ouwr econmby.

The sweel poliate will always be a4 dependuble subsisience crop Tor the
daily diel of cur peopls. During crlical times, soch & Twrmsuess, shipping
strikes, ware, and ather orses, when foods impotted from the condnental United
Saples aould not be shipped megularly om Ume, the swest potalo, a native Puerto
Rico [ogd, hus plways been ren oo the tebles of rich and poor alike.

REFERENCES

Moettan, Carlag G, (1051 “Hictaty, Diereinpment ynd hwporlanse af Sweel potals
Im Foerdr Rico'™ Theals, Submltted to fGreduste Facoity,
Laudi=ipna Stabe Upeerelly, Eatopn Rouge, La.

(1952 *EIl Cultivo de |z Batats Mameya't, Begidin de Agricoliurs d=
Fuerir Ric, vol, MLIO, Mo 1. Jan-dyne,

—_——— (1P5) “"La EMadioe EXperimEntsl Agricdalas DedzrTolis Diea Moetan
varled piden de Expaiat Mamera™, Inforroscion OBchal Mem, 4,
Julic 11, Eslscion Experimeslal Agricaln, Elg Plgdeos, F£.5.

s amm————  (JB30) "E Cullivo de 1z Habsin en Foerty Rlce®. Bulledn MNwe, 126
Agpclarelioral Experimenl Siollao of the 1lnivecsity of Pucrln
Hlcu.

—_—au (185T) "Mucrs Factedad de Bolals SoD#ts eno Beodlmiemiis s In
"Rikre™ ¥ 0 1n "UFR N 8™ Juforsgaciem COHelel Moo 3, Jublo
# Estaglnn Experimeotai Agniecle, Lowwers/dsd de Puerln
Hita, [Riv Pledrad, F.R.

(19843 "El Colure de ln Betals en Fueg Blow'™. Revists del Cafe,
Favle 1, Mo, 6, Fa-du 1083; Fatle 11, Nwe 7. Abell, 1BdG4;
Parte 111, No 8, Mayo.



m .- 13

PROPAGATION OF SWEET POTATD WITH DIFFERENMT KIND:S OF
CUTTINGS

J. P. de Kreker and & G. Bolhuls
Ihvicon of Tropical Crep Hathardrp,  Dinieertity Wagerinpen

Usually, wvegetative multiplication of the sweer potatn does nar cauwse
gpecfal problems,  Under favourable eondilions, however, er in cesea where it
% fesirable Lo muliply varetics as quickly ms prssible, Lhe quedict may arize
whether i1 15 pecessary 1o wse culings of 30-40 cm in length.  In moderales end
subtropical climales, sweet potato which 5 sirclly speaking 3 ropkal coop cha
cndy b opreden i the swinmer season. In dhe winter scaton voung shocts (draws)
ars tern from the sproubing tubers aod from plasis grown fram sugh showds
collings ave planied i the feld.  Asg these cottings should have a lengih of 30-40
emoa brge qoantity of mother pfants must be available. W ohe cutiings cuuld
he redoced in englh Lthe number of mother fubec: cowld also bBe costricaed.

Only 3 Hmiled number of pubfications rpe this cobject are exisient.
Accrtling tor Sinpanen and Hymen (19635) in 8. Africa cettings with 5 length of
B0 omoore used. Boswell §F950] siates that the best cotliog, wre thoss of abow
20 e of the nep-2ods of the vines, base cuttnes shoold be 60-3] crn. [u
his romgiation Mac Dopald (1963 mentiong thal cullipgs vary in [4ngth, Lo
Trintdad cultings are used from 20-3] cm. Van Rheenen (L3601 prefees top
cullings, followed by niddle cutting. and base~guting:.  Ageording w him Lhe
besu lenpth s 20-20em. The samg ppinion i foowarded By Galang (L9323
Beijaviim (19323, Woed (1937) and Fieldan (190), Johussoa & Woare {1956}
and MeTrlosh (1957},

In one articls enly by Avon. in Farming in 3auth Afnca £1946) the best
length of cuttirgs i= givem a2 24 cm,  M=arly all the sulhore stale tharp plots
planted with top cutipgs are vielding betrer thag Those planted with basecutiimgs.

In our experiments we wanted to determine whethee flhere was any
dilfcranse i prewth hevagen wap cnctaings and bafe-cultings and betwecn zullings
of defferent leogthe. Hher guestions concerned ihe possibility of grawing planis
from shoc=cuilings when quick wmuoloplcntion is wanied,

Murerinly ard grperimeniy

Expetimenes were Jaid oot in fhe hothouse amd in the open with cunings
of 1o cultivare catled & and B, Cultiver A v 2 quick grower with long inter-
oodes and smsall, Teavily inoised, [eaves; cultivar B is o <lower, stnedy growing
une with shart imlermodes and farge endire leaves.  Dueing the course of the
cxpenment the jnain sfalk wad mcasured a0 weekly intecvals; aL the ened of the
expemiment the 1otal length of the main stalk apd braoches wac dziermwined.

Above pround parte were dricd sud weighed as doy motter.  Per obgest 4 cuttings
were wsed.

The firsl experiment wis laid out in a borthouge with culngs of (e Two

wactiane] cultivars.  The results of naruccments erd weighing are compiled
in Table 1.
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Table ! Avergowe lengthr of wain wmialks of weakly temvalr of top andg base
curiings, roial lempthr of all Fheods and e weighes

Av. ol Av. dry weight

lenmptha of af vimes

Culivar A, Weeks all vines in grs
Top cuttings 1 2 3 4 5 & 7

1 em 1 14 B4 130 1ER 249 24 911 D0

33 em & 23 Bl 144 204 266 312 17 5.0
Bt cullings

20 cm - 5 50 105 i56 Z1E Z57 121 4.5

3 om I 13 &5 115 174 ME 295 1147 35.0
Cultivar |
Tap cutlings

20 om I 7 1% 36 56 T8 9 114 24.0

M cm } 10T 48 69 BY 105 184 .4
Rase cuttings

20 cm 1 1 17 27 3IT 44 5l Q.0

30 cm - 5 21 41 5% 11 W 13r 2.0

The bgure. compiled in Table | chow an enormoes diferencs s growth
io cuttings of the two cultivers. In cultivar A the diference o 1oeal lengih
of The top cattrgs Ooss o devinte mpch feen (har of e hase.cattings, howower,
bot chere axists a  distinetly minor growth io the shorter base—<uttings, Tuep
gttings of culijvar B of 3D ¢m show 2 mgeh better grewth (han thase af 20 ¢m;
in the base-coitings the diffzrencs i even mare striking.  The dry weight of the
wineg produced by the base-cottings of 20 cm falls far behind thac of 8l oiher
culing.

I ihe segetsd experiment we tricd do fnd oot whether cottiogs of shont
lengths could be vzeful [or prepagativn The lay-out of the experiment was the
satos as the first coe. Only top cuttings were wsed.  As this experiment was
steeled ar the same me as the firsl one and under the same conditions, aome
Bgures frem Table 1 were also used.  The results are compiled in Tahle 1T

Jusl a5 im Table | che resals an Tabke IT poi eo & considerable difference
in growth capacily betwcen the two gultivars, [n both cxliivars the Tonper
Cutngs :nl!]:lﬂj.' had a largs advantug:: gver ihe shoaner ones but i the con of
the experiment the differences in goowll eoded o dimuish, 10 35 remarkakle,
howewer, that in both coftivers the 15 cm colings were the fostest growers.
From these retults it ean be concluded that woder Eavourable conditions eveh
shorl top-cuttinoe can be uzed [or propagation.
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Table 7T, Awerages lengrks of reafn salke af weekly rtervalr of top cumings of
diflerexnt tengths, fotal lengihr of all shoots and dry weighis.

Lzngth of Av. toial Ay, drvarcigli
culdings Wesks Lempth wE of vines
i s, 1 2 3 4 35 o6 1 vitey in grs
Yar. A
5 — 3 My &I 100 150 207 433 F:1
]& - 4 2B T4 1L3 167 233 B4 17
15 | o 47 195 16] 227 188 107§ 1%
20 7 14 54 130 138 240 284 231 24
30 & A5 BRI 144 204 266 312 zT 15
Yar, B
5 - 2 3 12 i 43 EE g1 Fal
10 - & 13 3% i 7% 10l 150 PA
15 - 5 17 38 59 B 1D 51 42
20 I 7 19 536 56 75 0 Qd 114 24
il 3 11 2T 4 o9 37 105 1E5 32

A third experiment was laid oul W determine whether besides the shont
Inp-cuttings alsu zhort base-cuttings coukd be used for swltiphication. A% 1L s
Enowa ihat mudliplication of cogoa with singte-leaved brunch cuttings is quite
[eazible, 1he samwe waz tried with sweet potate. The recults of he weekly
maeasurcnients, Iolal length and dry weighn of the vines are compiled in Table 111

Table 11t Averape fanpth of mamwe stallr, rodal bpngrh abd e weegh) of all
vimes 8 wheore bhase currEnyr.

Av. Hoal Av. dry weighe
of

kenpily
Wiee ks of v¥ines wimes
| s I 4 5 & 7
Tuliivar A - | & 27 52 495 141 Td 2.7
Caltivar B - - I L) 7 11 16 16 25

The hgure: in Table ITT show that if mecestary sven very shool sinele-
Teqrweid arc-cuwilings may be used for mulliplication,  The mesolte with cottings of
the quick growing cu'ivar A woee, howsyver, much botter thap with thowse of e
slower arowing coltivar B,

The experiments describad above wers simullapenusly execoted i (b
open, whers dhe temperature was gowerally aboot 10°C lower than in the
hihemse! therchore geowth weas much sbower,  Therclore ildze EXTIETIENENE Were
conlimizd for & weeks lungee thun those in the hathouse,  WeekPy meacutepgents
of the vings wert climinated and data weere only oollccted @t hacvest time.  The
resulls gre compiled in Table TV
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Table V. Averape rtonal length of viner and average dry weight dn plames of
CAUTHBgE grewn g e pmed,
Ax. toogl [enpth Aov, diry weighi in gis

Cultivar &

tap cultlings 10 cm 724 h 3
20 cm 023 (i)
0 cm 10k ]

base cultings 20 em BOE 53
30 cm 174k T2

Cuollivor B

Lap catrings 10 em ot 1K
20 cm 1 5én ETy|
At «m 167 1yg

fane eomings 20 om M 1%
30 om 122 33

The:c «ladn isdicede thal the difcrence in growsh rale boioweco Lhe
cultivars are the same ax in 1ha Expetim-EutR an the hatheusce, With cultbenr A,
hwewer, the présath rile ard the vllimate doy weighis wers moch higher thae
with culovar I+ Choly dop-cuttioogs of 20 and 30 cny leogth capie somewhar awear
10 culavar A as to dry woache.

Sommoaridng the resols of all the experiments Jeads to the following
Lonclusions:

L. With both cultivare the growth miz of the lop and the bess cuttings of 30 cm
s better than of those of 20 cm.

2. Whenever quick ewliiplicotion ia desred top cultings shacer than 30 ©m
may b weeel, even wp coing: of 5 o length shew 8 fair prowth.

3. In dke above mentioued sases short basecultings of cullivar A, 5 quick
growing coftivor, sti!l 2an bz used, with cuttings af g slow growipg culbivar,
Bhowever, the results were disappointing.

4 Expemiments weth cottings of the same cultivars in the open did sleew Uhat
the resulis generally were in eecordance witk thoge Jad out io 1he hothowse.
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DECUSSTONS

Mr. MocDoneld -

Could [ gak Br. Belhuls, with regped bn his citings—he tehed cwtcings of wetoas
lewmgths 955 kny work dooe ao the perlad of wiliog? | hove scen guoete 4 bBIL b Bhe
Hoerabyee atsline chal whiliel sdedel polafo Cubingy are youch leelber EBAN Unwilled ones,
bu* 1 have rewes conee RETORE 4h koluel experimen) ihel demagacTites fhils. Has any
wurk by dome by yourselt ?

Adr. Bolfuir -

T AgTer wilh you. I bave never cufne sctoes aorlbilog itk 11, and we wa~l noR-whlted
culb:ogs. Enllraly Fres=h yoaterial, Ly Jeva, wnher nAilye pleniers, {F = & well knewn
fact thal from every throg yrars yau bawe Lo plaok your sweet potatefs by mieoos at
{ukate insinpd nf rotings, and We irled 11 one Jor 13 suecesdlve peopfatlrns—ans arree
af cyit'nge only, anather eeHlex for Lhren yoars Gy twbers, And one wrles s eotlrely by
iubers.  Afer 13 gencraben bnece was no difen-nee

Projessaor Meﬂr.ﬂ:lﬂ.l'pt !

I wenled 50 ralse the quesilan of relotdon of time te tubeclsating an colmtSoo 1o the
gaurme of cHine 1If ome wakes cuttings [Tol ol planls ar plarls which are slrcady
[orong tuhners. da thex lultiale ubcoe more quickly than ihese from Ben-tubeTialng
plenis, or food £utllngs which goisq diceclly from Lbe Toal Jukec * Secondly, doea the
presence of Tart of the maother tubec héve 3y efecl on Lhe Lime to initiallon of the
Eu'ere T

TIere In. 1] ihink. Im Lbe IELYIL potle, |_:'|rlde|:'||:n al Josalble presence nf aome
taeerisdng fecltor which 19 deyelnped with age in Lhe mather Lk,

M. Bolfuaiy

I sm soccr I cubtinet 1Ll wou ATy el sbagt ERie, nol ecauyes [ am nal famdar
wilh sweel prlete, but bocause mF caonection with sweet phiptony way qulte Loeiteoest

. Depras

This i3 aboul a quection of Crr. Milthotpe. We are new beglnnmg &6 eXperlineot o
deslde wh Eer ehete ki oF nob, @ pacl of delerminallom of tuberweton Lo sweet pel pioes.
not anly with the parl of the plant whizh b tabeen froem ous LLpLISetlan BUd al=o with
Lhe time af 1T yeac Wwlen we fabe le cditoga. We thiok i1hat we could nol harve 1w
differenl paltecne coming in that praress. YITA, diecense oF 1he pert of Lhe plant 2l
1he samke tlme, ond also dlferent sioges nf the development of the planl all wivng the
yrar, aod we Abe Bom¥ BeginNILE, we starled 1891 monlh, te == wieal there 39 ko this Lfca
It in a very [Bterecling problom,
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FROBLEMS OF YAM CIILTTVATION IN BARBADCS

E G B, Uoeding and K. M. Hoad
Sugnar Praducers Atsovatior Agronpmy Hesparch Unlr Edpehill, Borbadag

The yam, Dicscorea alats, is the major staple Fadstull arown in Barbados:
cover 15 000 tons wese harvcaed i 1965086, valued at sbout 1.3 miullian dollars.
Yoclds are, huwever, not wory high, averagping onby snone 4-3 wee. per acee. Lhere
are soveral distinet slrains of Cuoscorea alafa io Barbados—clonal propagation is
1he rule—and af these the White Lisboa [locally called “'"Crop Likson™ 1 o 1he
mart E;l,tl:l'l‘-:i'u-'!.!l}' prevam as iLad n‘:l_l..im']F:d a% h;.'n\'ing the pest Lavcwr el texdnge
a5 well as being Lhe mehest yic'der, 10 s, however a8 poar shepe, 1he lobers
Leing larae and spatulabe, with toe-like outarowlhs, mcking thesn diMoolt o
hacvest wnd pot veey wuitable for packing por arcectve for the growiog eaperl
markeL.

Up to about 1w years 5o yan: in Barkados had ceceived ditthe systecnalic
dhly.  They ace nvariably groam i ol wlich has been prepared and ploughcd
foor =ugar came, pul cspecially for yams—they are grewn s 2 trug catch coop in
s indorval Botwwen the harvesting of one orop of cane and the plaoting of fhe
pexi. Woe did nod Enowr whilher 1he spaciog ol 3Tt X 5Tt deprscd o them by
ihis yslem wad Suitable: we knew nolthing of  any anmtersdion thees might e
betwoen cultivars aod spacing, indeed, we are nol always guite cerlan juse whal
eultivars we are actually dealing with.  We did wor koow whether there was any
differenoe in 1ap or middle or boditom cullings osed for plaating matecial, nor dud
wi know arylthing about theie Ienlfiser roquirements, nor (he interactions betwaco
rainfall, soil snd  wield. Yuciher, there have been recent owibreals of  mwn
thsesses which have in placss been sedvus — a kal dissase eentified as
Colletrotrpehon and a tuker rotting doring =toroge of the hooeesbed material.
Finally we were wngeclain a5 to whal cag.es (he pevial pans o dic of at about
e time of matucy.

With the growing intersst about coop diversification that is developing in
Baihaded and tbe groater awereness in rccent years of the imponiance bath cocal
and gootomig, of logally gresn fooderops, it B ot surprising that the Lk  of
proci.e koowledge aboul 0 imporiant & crop as vams became a moatcer for
concern.  Jost cwo wears g, Therefore, systematic cxperiments wers seatted on
this vomn<adicy, and jo chis repocl we shall wy 10 summanss, very brisily, whal
hos Been altempled and what has been accomplished.  You will appoociae tha
much mors than two years’ experimenlotion is requireyd far many :tel[:nile Longlu-
sicnd b Te drawn, bBul even o This sheacl time cerlain wends are so clear that
there can by no dowbt 35 10 the ulomite answers. Howewer, there ape sl very
targe gaps in our koowledpe, and these will alip be towched upon,

Barhados, in cpite of itc zmall size, has a wide rapge of sodl types 2o walf
marked rainfall zones.  In any programme of feld sxperiments, therolors, i s

megossiry o lay dhwn a4 number of expedmens i differcpt parts of the island,
ond this #as done in both 1he 1965 2nd 19646 Bedes.

(1} MAow & v grows

AL a hasie for Turther undenstanding growth apalysis observationg were
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underteken on yam planis & large oumber of meagurements being carded oot on
white lskon pans b oo intermedipte mminfall area. The obtevvationg ineluded . —

Arca of growwd covered

Total [ength of all stenns

Huomber of leavas

Tolal arer of [Eaves

Leaf aren mdek

Total fresh weight of choot aystem

Erry weight of sheo spstem

*Fresh weight of eaar system (not ancleding fwbers )
*Dry weight of root seateos (uon ncluding toberes)
Fresh weight of twbers

Dy weight of {ubars

The pmgress of growth b5 shown in Fipure 1 oand may be cummanised in

words g1 Follows: —

(1

{3}

(2}

Roth the chool and the toots sydlerm developed vy clow?y for the frst
erphl weck: bBot then prea with increacing raoidity o the 3y weel afler
planting, subsequendly dying back quite sharply.  Secomdly spares — i
new shoots emerming from below pround—appeared st 1012 week:, and
thiz really marked 1he onsct of development af the ahaol svstem. It wophd
réem that presiansly the plane hod been Tiving afminer &atirely off the old
tuher, but ihe sppearance of second spices was the sianm of an independent
plant.

Oipdprewtha of updiffcrentizted meristemeazlic tisaue appeared ar abaue 10
vreeks ik from (lese grow the new shoals s fommed the ":econd apires™,
and B vicorous oot 5YEIRT,

RBulking of the Wwhers stafed an about 22 weeks, and wea cxtramely rapid
aficy 26 weeks wp to Uie 36th week, when the yams wore hapresied.,

{43+ Thc general dying back of the shoot sysiem atter 30 waeks alnzaedy notod

m (), was asogited with @ cessanan in growih of the siems and & redoe.
tion i the number of Yeawes. ([0 may be noted In passing that the serial

ricne of a well prown vam plant are very substantial; at 30 werks, dhe
averpge oAl srem lanpih Cie) stomoand bBeonches) oras 220 feer and the
number of leaves per plant was epprezimately S0, One plant wes meicuced
wilth fotal stem length 410 feet and another willh 232 beaves).

‘Thec 1=af erea index (i2. the ecea of Tezves divided by 1he mrea of frcaenet
covrred) rose rapadly tn 2 figure of 2.7 by 1the 14h wezk and chen remained
very #12ady until the Toth emel, when it fel] rapidly, owing 1o the o of
keaves from dhe plants.  The litecaiure suggesis than feaf zrea imdices sbove

1Tn pracile= the adrguzte remavel of 1ka root srsfem was nob achleved and (liede
obhzervailong Wwere abatdobed
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3 mey Imply exceseive mutusl shading, there 35 thot no evidence from the
eurrenl obgsrvaiions 1hal the yam plant, spaced 5ft. x 501 frailing on rhe
ground, is Lucking on phocsynthetie eficiency. O e other hand, shading
may be causing leef 1211 from dhe lower shools, and i1 35 quite possible that
glevating the plant on stakes, as i done in severul West Indian Lelands (b
L 10 Barbi ¥, way albow che devglopusol of many wors leaves oo tbe
shod syslem.

(6} Rainfall throughout the rrowing period was Fairly well distbbtied afvd Do
chieer effece apn the growth rate cowld be discermed.

50 here we heve @ picture of the life oyole of the yam plant, alheit it i
only far B single cultivar under one sct of ermditions. Esen 2o, i has give thoss
of us who worked on s crop ao waderstandiong thar wie Jud 30t possess before.

In 19¢6 obscrvalions were camicd out oo the rate of the developrnent of
tbers af four cybirvars=—"0Hie | iskan, Cocormn 1ishon, nenal and Hont, The
growth curces are shown im Figers 2 distined differences in rates of development
are shown {he more rapid bulking of Oriental and Cocoour Lisban being clear ;
Ciciental hag Jong beeo esdablished ac zo carly variery foe harvesy in Nowembers
Decemnbwer.  There are aow andicanons that Cawannl Liskon cen be harvested
around the some time.  Hunt alse seened W motore faidy eecly {30-32 weeks
Emmajalanting], But Whits Lizben develops mere slowly for a conziderahly longer

period.
(27 Spacing

Ia the 105 experments, om five localities, randnmized plon feyouts were
used, R plots being relalively small, 40 x 24k fi. (300 eg. fi.}. The actpsl
Spacing ireatments were o5 indicated b Table [ yislds per sere fur the five
Iocalities are alio shown,

The considerable increase m yield with cloter spacing 35 clzar although
thers weee anauhalice, mainly dee do death af placs and the cuther small ousibers
involwed,  Closer spacing also [ed to & redoction a0 size of the dubers and o
larger progonion af bener shaped nacetial,

There was noe very close corrdlatiap bBetwesn the to4al crinfall zed e
ultirmare yield; further analyzsis of the rainfoll Gaure:, however, showed 1han 1he
ancual and panesn of rainfall in the fcd fow wecks alwr pfimting was extremely
imporant, afectiog the elablishient of the planis,



Talle . oy TOE5 Spacing Experirmemn

Smacing Tlana
(freet) pLr acre

2.512.04 BT
Ios2 0 4330
faox 3400 1,9
S.0x4.0 2200
50z 5.0 1,750
5.00x 0.0 1450

Yickd in & pec

14, 504}
28,5040
E2 A0
18, BO0
22,3000
1a.z0

F

24 500
20,000
146, AN
16,800
12,200
17 400

(Cultivar Whita Liskon]

forg plandations Mas. (1)

3

21,600
15,506
11,700
12 8003
TEED
G Bk

Ezinfall dunng the growing ==ason was as folloss:
. 503G inches

Elantidce 1 ..
1} 3

. 36,38

=1

4

19,500
16,5¢H]
13, B
13 404
12,9900
11,6412

Moworage
of 5
Planiaticne
5
16,500 23,580
900 17948
141,A00 [ d 534
11,6460 f4,5ED
400 124054
k=00 11,780
43,714
51.8p ™

G |

PLUYAT AT SAUHT LS
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Alcng with Thess small scale experimiends a single lacge seale obeervation
wik mad2 on nne plamiation whers, in & % acre field mherwise plamed at 1he
conventional 57, ® Sf. an arca of | acre was planted 5B a 20t 6 ins. The results
were siriking (Table 11},

Takie I
Plantine Yield per Yield per Value ol erop ™
diztance plant (b sgee [lb) poroacre (5)
50" = 5 1.8 13,600 4 Té. ol
SO om 2" 6.9 24 X160 T20 40

* Valued ar 7.5 caniy per (b for M apacing and 7.0 eeniy per lb, for S0 2
26" spacing brogure o the higher praportion of small tibers I he lorter cotp.

In th 1966 exkperiments all plaptings were mads on ridess 5 feel apart
{Ba rtlis was the distence between ridpes reguired for eugar eane coltivarion ), b
spacing ol 3'0" aod T°67 aloog the radps were ured,  Twao colbwvarg, White Liskon
and Corooul Lisbon, wem wicd io these caperimtnts. Results are summarises) o
Tabl: ILL

On the feld sale, then, we have a consistent ngrcase in vield with closer
spacing, averaging 3,922 [be per acte for White Licbon and 4,218 |bs per acre Mo
Coconul Lisbon.  These ioceeascs sre worth about 3157 and § 18D mespeetively on
(e corrent price of 4 cants per b,

All the yelde were relacvely Iow; this i attnbuied to sxcessive rainfall
and periodic wetzrioggiog vl b soil,

(3] Pleniing Material

Lt is customary in Barbadas o u2e shees af tuber o= planting mavesial, each
weight & o 6 oonces. & gingle tuber will provede 3 to 3 of A eunlings. Somelimes,
howeyer, small whole yams, alsa weighing & 6 ounées, (which arc vinually
unczleable) are planied, These wré known os seed yama. 1t Is frequendy stated
that the top culings grow more quickly and give higher vields than middle or
bottom cullibgh,  Secd yama alo are regarded highly by planters.
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Table Iff, Faer 1965 spacing trials

Laocalion Plaoting White Lisbon Coconuat Lidson
it s
Yigld per Yigld per
acre {lb} gere {1 )
| ot x 5 1 E0%7 [3433
ot x 24" 19,650 L7 967
2 6T x5O ®13 2,0%0
56" x 267 12,563 13,623
3 5 x 5q° 5873 3,003
5O ow 26" 10,537 6. E5E
4 5ot ox 30T 7,340 G 483
50" =z 767 10,893 9,660
5 Mo 50 R.653 6113
Q- = 26" 14,373 9,500
B 56" x 50" 4,920 T 250
56T x 26 12,387 14,690
Flentation 1 bigb reinfalt aren

2,314 infermedwts rainfall area
5 & Byw oiofall gren

1k

Ooe eaperiment has now Been done in whsch top, middle and barcoo
entiings, and secd yams were compared,  The Grst observations were onm ihe
peroeniagas that sprouted within cerein periodsz {Table T3,

Table IV, TFomr (986 Plgring materigh rote of develepmens

Meried efter Farcentage sprovisd
planting Top Cuttings Middie Cuttings  Bottons Cuttings  Seed yam:
4 wrerka a3 EL 5% 62

10 weeks o8 LB ] gy
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Thue it appeared That Indeed top ruttings and se2d yams sproved rather
mnee rapidly chan middle and bogom conings, but e ochers cawpht up evenlaally,
Final yicld: are slown in Table V.

Takle ¥, Tams 1260 Plonlity mesgeiet grd vields -

Tields i poobds per acre
Top Cuttangs Middle Currings Botrom Cullusgs Sved yame
10,453 9474 571 £,131

Although it eppearcd thet the top cuttings did give a higher yield, this
wis not sigmficanely differcar fooen the middle and bodtarm comings, 1he lower
yield of the seed vam: was clear: the dillzrence wes signilcaol at the 20% lovel
comipared with thid rom gul pieves.

{4 ferniliiing

There have besn w0 Lysremane experiments it Barbades 10 ascertain whet
feriliser shop'd be applied (o rams, though EBrcen the geaoan®y analvses deseriled
above it seemed logicat 1o apply i at Ysevond spices™, the time when the main
rod and sloed system were starting thelr independent life, aed this was Jone i1
the experiments of 19635 and 1966,

Experiments on smafl plnte im0 1905 «hooed no discermible responses oo
Fertilizers, but the experimentel error winh these plals was co great ha oy veoy
maajor 1ecament differonces condd have been detecpal,  [n 1968 the expenitncnts
wers candoeted an the fold scele, with stripe of treated and uwnireated matenal
albemating, the acia of exch &lkip heing nﬁpmr.imnlcl%' 1A acke; the oaal aren of
pach Cxperinent contining three replcadions of tha fecliliser treaiments was thus
2 acres, This lavout not aaly had the advantage of size und of buipg direstly
transfatable 10 commercial condinions, bt the :ﬁl:m'nal:ing sirips 0of control plots
shawed fetilicy trende Bcooss the belds, which in some cases changed by B2 mmch
an L% over e distance of unly 2% ket Further, this layout was easily operoted
with plactacon [abour, {The zame type oF layout was osed in the spacing
exeriments plready dezceibedd.  Fxpetiments of 1las kind were por Jown on
cight widely difering localitics,  In siz out of the eight localitiz: incroases ia yield
followed dhe geplication of 2 owt. of a fertliser of forooulavion B:12:23; a0 the
other 1wo itslenees there were decreares in yield. However, the noreases were
i snme casck substantial, thoueh not statistically significand, emsunting 1o an
awerape of B200 Toe, per acee {10%} [or all gight ealices (Talde Y17, When
rhe dortilizer was inciedsed to 4 owl. per agee further icmuses were shown in
otly fowr in<iances, and  thers were decreaces in four, though (he average
diffecznce from the unfertlised contrel wag a0 mcrcase in yield of 900 T por
acrs [HH

Provious experiments om [eenlising yams im Barbados have alsoe failed
10 show sipoificant cesponscs, bt in view of the current resulss @ waould be
difficult 12 say that thete war iruly no response. Wih change: of vp 10 100 in
centenl plots only 25 Beet brom ecach ¢ther o would require 2 Targe respunss
indeed W Te seatisceally sigraficand.

The poor respanse 0o 4 owt poroacre of 8:02:2% i peculiar: 1his is 5100k
g rehtively low level of fertilication. The resuliy may pethaps be associated wilh
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Me exceplionally wel prowing scason of 19566 vizids were Iower than in the dry
vear nf 1965 and mey have been fmited by periade wotlernggeng of 1l uail,
and thi; also may have aMecred the responss Of the plants to [znilisers. Muoch
more pescareh i3 nocossary.

Table ¥l Yo I380—EfJect of faralsng.

Location Treaoment Yield per acry Tnemise  (lk) 2% Trrease
1 | 17, W]
II 22 560 4 380 24
LI 21,931 3957 22
2 1 10,07
II 12497 1,580 L&
III 13,764 2,953 M
3 L 1T 802
1) 11,B27 - 965 =T
1 13,782 9E] ]
4 I 12,260
Ir 11250 —1,000 -5
110 11, 7RD -- R -
5 | 16,537
I1 L7617 1,045 1
11l 15300 ~1.160 =7
& 1 11,253
i 11,32% T D&
ITI 12,4100 1.15% 10
? 1 1711
L)) 163,247 2485 32
I £.053 - 7% -1
B I 11,104
) 12,967 1 E&GT 17
111 1,537 37 7
Plantations 1, 5, ®—High rawfall arca Treavmenrs; T—No fedilizer
2, 3, T—Intermadiate rainball arex 1I—2 ewl. per agre
R:12:25
4 KE—Low rainfall aren IH—3 ood. per acre
&8:121:325%

(5 Raintail and Sail

Mo systematic =tudy has yet been made of the offect of rainfall and vield
It is a maner of econmon obseevausn (a0 v cerlan years with very 2ow rwinfull
the ywld of yams has been Jow, and it may be possible to find statislics which caa
be analyred. We have ao iea ac all wheler ronfall in the garly part ol 1he
LTWITE Seanin 15 mOre mpartant than in the [ae, or viceversa, except thet, in
1he 19E5-086 cxperiments, dthe efect of carly raiodal) an the establighmen of e
crop,— Bath in cespeat ol 1he wornber of placts sueviving, and 1 1heit sohseguen
development, appeared w0 be impedart  We hope that in the coorze of 1he next
tew yeaes indformaticn of thig kind will Te developed.
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There g5 equally Lttle knowledge abey 1he ¢ ot of 2ol 1ype and econdiions
an the prowth of yams. There seems W be oo area im0 the istand, whers, i
rainfall 35 adeguae, yans will zou do welly on e othorhand, for w0 ccason so
Far ascorlained, & coop may he poot under ennchtioos winele were expacled B give
a gond wvield. Furcher, cywery planlation manager can peint oni felds i owhich he
will zay that yums sever tive, thougl there 35 pe clear recson why this shonld
be so.

e observalion of interest in this vear™s experiments, however, 5 that
evet Wwitly the very high rainfell in all pars of the icland, the plantations in the
higher tiinlall areas pave hagher yicldz than these by ahe lower rainfall regions.
This may perhaps b associated with the freer Jrainage propenies of the =als in
the high rainfall peocas; wateslogging was expericnced on several oecasion: in the
ather soils,

L&) fMsrares

Two, pethaps theee, diseases of yams have attrusted attention in recent
yaars.

{11 Leaf ard rieen merrasin

Thir i1 aviributed 1o 7 speeses of Colfetoctichum and appears at spols un
the leaves, immalute nr mature, and Black areas on the voeeng stens. Jypically
the necrotic areas rapidly entarge, affecng lirst the morc dista! parts of the choor
yslem, ubtimalely killing the whole acrial padion of the plant.  Tle necoosis
dazs nod appears 13 peneitate inlo the tobers pud if 1he onset of 1the disense 13
late ennugh, &g MNovember, it may be possible 1o harvest 2 modest crop; if (he
disease strihes corlier, howeweer, the coapr feoon affocred plants arg reooginsed
casly the fungus sproads rapudly, meanly dewnwingd and the whole ficlds oo be
vifually wiped out. At pre end control iz by spraying the whale ficld with copper
fungicidas as sowe as any dizcased plants arg seco,

A wtpdy of thiz dhsease is nnder way hoth in Barbadoy and i Trimdad; we
e eliat informetion will come focth as to the conditions lgading @ s occurrene
and spreod, and 1o cffcelive means of control. A carly repoct suggests that the
diccass 5 most severe i cialtivars thal marees early.

(il Frternal Speriing

The Aesh f the mature tuber, paricwlasly paards the stem end, shows
wmall brownish o black spode, ofien minuts, bat sometimes ecveral millimeters
ocenss.  The<e spows ane nodolar and may be cleanly cxcised fenen the bissoes
they show no obviu? gomcetions with ' vascoler system.  Under 1he micio-
scope They sppear to be made up of mdioting groups of cells. So far there s ao
clue to their vrigint  po pathopenic organisms bave been i=ofated Teooy these
areas, viruses or mineral defisiency bave besn suagested also putricnt imbalanoe
psuociat=] with & higher degree of fertility of prescnc-dav soils.  The Ministry of
Agriculiure hiee g2t up experdrpenis to cxaming theve end other possibalities, and
an carly observation suggesls thiel the condilicn is most severe i yames thal mature
relacively late, €. White Lisbon.

[NT13]

Pocsibly associated with the above i85 a  peneral necrosis of e mtemal
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tissues of the twber of the yam doring storage, though i hag certainly ool baen
songlpsieely proven Lhat the black spois develop imta the laroce necrotic arcas,
ner is it, 1o the best of ocor knowledge, absolulely cortain thar 1he necrows has
cver appeared o arcas compleesly fpee froao sk lewons, Two pears ago this
fecTasis serivusly 1hrenensd the eaport indutiry, but in [966 rigorcus celection
o lubers withoul skin lesions and Toom Gelds relalively  free fome “iocecsal
spotting” led to — op pothaps wes  merely  coinenlental with — virlually o
problems of his kind,

(7] INe Brck

in Decembet prd Javuary the asmal pares pormalty die back: this is
commonly suppo.ed 1o be associated with matoring of the wber. However, this
g by no means ceraio. Tt may 0 soene cxient be a saciate] with o scoeleraied
by the handiing the "vines™ peceive when the cane is Brang planted—uws do know
that cven guile young planis can be victually killed by quit: gentle handling. It
may ke astegiated with physical damape rezolting fram the tradewinds which
usuilly re-arser themselves afler tbhe meioy season, abool mid-December. Tt
may e assaciaed  with lase developoaeol of  fwogal dissages, Mo sysieneeii
obegrvations hove brea made ag e mateer hat cesmed melatively ummparamt,
since the vams are Lo be meaped st pbout thics time in any cate.  Howewer, a Lo
iwaturang varm {March or April], might enjoy an advaneage an the espon thatkes,
iand an eaperiment was acidally Jone with yam. that bad bad theic sproaling
arficially delaved by Maleic hydrazide, These were planted i Avgusi;  they
anew well, Bt died off anly 4 mnooths geowels (end of December}, and praducsd
oofly very small tub£rs.

(B} Deterioratar of plinting meatertal

I i pommonly said arnong ptanters ihat ¢ontnding to plant cofing? From
2r0Wwn ¥ame on e tame pluntation for several succarsive wears leads W diminution
of the ¢rop, and it ia normael practies to bring oy plantiop material from same
distant plantation évery third ar fowmh year. Thees iz no sysiemaric experimental
cvidence that 1his detedoration dors in fact take place, thoweh o planler can
often point ot adjagent fild:, one gogd and voe bad, the good one having becn
planded with "outside” coming,  Cemtainly the idea canned Be dismicsed po ot
kand, but the explanation of such a pheaamenon, in o small istond where discase,
for example, can hardly e itoluted, s far from clear.

A5 we tnid gl the slan al 1his paper, litthe scientific etonrn has been paid
to yame in Barbudos oniil very meeotly We have tried o show you some of Lhe
wore impostant problems we hawe tecognised—indesd there ate many arhers—
and to indicole where there has been progress, whae bas beep done and what is
being altcmpted.
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ST LIRS IO S

Prafacror Harland -

Ih Elecdiea of the wheld of crop Dlacks i1 1z degleable= 1o ey to epeclEfy Bre feclurs
whirh arc: lmiting, that |= Whet faciory dmpa3e g CIFLBE on warld,

M Gooding -

Yom, 1 eounld nrel agrer more thouph &t is somewhat dificull ta eskabliskh these
feetnrs, when your are Golag eld expeeleeisd on planlailong o which yoeo have very
litile cootrol over &by of the fActrs pucept prssthly Berblleing ®e heaye e contrad
ower suielilne o water, and “he best we cam i wolddar there cordlibene 13 b0 Keep iho
Firlleet Teenrie passible, ond wheo you seddy bR year by year, localbty boe lacality, yoo
begin 40 get the ifce thiat z ofttaln [actor becomes [Lmlting et & pocllicdlac level. We
oerkaibly s Nl@ I TN [§ |s ane: of the iene=a af my bBelCD 540 10 Bprak. that
limlling laedara are pnmetimes 2 good ded] more dmdiortanl theo Interaciloma zhpy yeo
Ima For.

We have hud & page in polng wikh corm, o which i) o0e pEar we Ied guite 8 wids
dlsyrloutico o[ ralnfall. YW sttempicd 1o da fecdUzer experimenin pnd w¢ hal s Pathes
intereziing phenomengn ithot Lo reglnns of lower coinfall, theoe was pbsplutely 39
reppianes 1o erillizer, ahile L cegbon® of Jigaer ratifelk we= g0l o werv substandal
resprnse. The coheludion TEing pregumpnly, (L Takfell wa? o Hhioktleg facler and
when caipfall waa p [Imatag feetor the plant iesi sould nok grow ennogh 19 meke uss
w] Terpllige) we pul N o

Wao had a cathey slimlar CXperieose |[&st peac, 0 whkich wa had rxecpilonally Lizh
rainfall. and n the highesl ralnfall accas we yat no respente da treatmamde [o thoe
care, #orwts waler becumes a Liulling Tsckor. T Evipk thal*y the =ork of Lnlnz yau haeee
Lr ralod Professar Harland, snd yan are reacly aavising ws a1 e keep (hese thibgs in
mind.

e, Mornn
Cauld yvau sammaclie recommendad cullyrrl praciloes 9 I, slata™

M, Gloding

1 will Hick v peack aud, bk pleser regard 1these as weoy, wamy wenbabive apd sai-
obbe widy lo e condiltens wmder wldeh T om expemeneed. 18 vow are in fugar canre
land an:d wwarkingz aa a cateh ccop, plunt an fdees 5 by 2° 8" wpait. Plant ol the end
of May. which Lr abrowt ihe LWl e ¥arn normsbly Breshy domuelcy and 15 alsn A weck
ar o befurs Lthe onpzel ofF the Ny 2eganm, Tettliiza ikl 1wa ko theee Jluudredwel2hl
el sulphale of gnemorn, plus 14 cwk af soiphate of ommanda, plus 188 ewe ol moorlate
ol mo-axh k! thn appeorene= of serond sploés. ¥Keep feere from wewds sod bereest when
palure Sproy with Cuprevll or seme copper Binglelde™ H you se= any atizck of 2nyr
nlarts appeacing L di= Dack (o7 B0 dpperenl yepsom. (103 probably Collewlrichvm. Yoy
racely wau aeky A1 aen teeck af Lopbygwa nr sperething Iske that, athoch wog will hawe
0 Ay W lh 5owin, bul chis la exiremely rare o vama e vur candliloes. 11 we wnre
TlentINR A% 3 coop in ils oW rERY. T owould aecomeyand planibl g an orldge 2 " spnrt
znd the planly 3 apet ia the pidge. We have 8 gnod desd o Infermallin dEoue e
efes af camprtillon hrtwern plants.

1y Martrm

Hna do vau karvedl vour varet?

M. Deovding

1 recret 5oy, o 30 weitk g Terk BEllng s10 v aud. 1 Bt beel waking of The d1W L.
mecnan:eal harveater ta harvest swero pelata with greal Inletecst, I hope that IF w2
ernw sall ernoph op roend #naucgh yams Lthe Copooul Lishen az dlatlned T-om “he
Whik* IIsbon . we nay ve @aTe 0 gt mechanical Tiorvestlay, boeaking 1he rldge at
leass gk Ahradwigp (hewt o1 in che &Rme Aoy a5 woe AW belng done Ias TorRbaneg

TEdilnr'y Wote Collelairichom AQQAEEFL Do e ifseh3tive W copper Funzirldea, The
w gt p Tonglelde s gre resan miElidesd] wnder Tolnldad cord tans.



11T — 50 BT CROFS FoMPOSILR

yveulerday, But ai present, they ore hacrested by baod, angd we reckoy that hareslng.
rangh ntean:og, and traospnrt sod stacking L s £hed In tiee plontation eos| sbout pne

cent & pound,

Dr. Martem -
How dg yoi ronbrod weeds #alUng for yanrs 1o spoowt?

M Gooding

We are eyl pre-eoergest hevbicldes puch & Becdie] or Prometcyne, bur the
makmn gl cemmerchsl moathed 45 A weman wdth g hee, whe e 30 Bieayr oeres 1o keep
weed free.  She: |6 pedd mymmehere botween §1.00 rogd 31 70 per Jore pec Week aod this
ia A time hanoored miethod. Coal glodier howe indicgted that with khe careen: rfites.
i is almesl eapctly LBe same ¢o% 4o spray g wilh 'momekrne or Dacthal aver q perlod
al sl & Mmonihs.

r. Warlr -

Hewr rou had any expertenes of holdibg eetd vema under vacous germingslecn
promating caaditloos tw ahorlen 11e lowe 10 AMe Neld efoce sprowtlng.

Mr. Gopling -
Mo, T have mak

R Max -

Firge- 1ike eymptems bave been reporied o Fegn Ml3age I Barbadas. auld
T {ipending sy how wldespread this cooditkon ia and whether L hat sty conmectian
with delerorelion Ln drleld?

Mr. Gooding -

1 peisanally have ot =t =cen this armplesn, though 1 heard thay i was reparded
Imn ame plkantatlion io SE T'Miidip. 1 e Me Jefers or e, Pilgrim raold be ogsked o
comonent un 1kis ecaaps T think ikey know more sbe: Wb 1han I do

Mre. feflers

Vip TALE 4PT EOMmME SYIGPLTNY AQEATINE Lo look as 80 31 cagld Be 3 wiees indeetion
un 1 Tollage of yams. Al one alege. we Ehought Lhetl thls eould bave heey pagsitt
asopelpbed with ibe Internel spofiing. but te defc we heve nol been ablo ‘o cnrrelpre
srnvthing  WIth eegard tn the intermal spaciing. this war sotkesd aemewSiere arcund
1895 whrn Lthe Fomes were expioried fo e Wnlled Kingdom, but recn’l+ Ie cirvime
aut g osutvey In Berbedom one plonter romoried thal b satiemd 1hlx candlilam phaygr 90
weacs wpu, P, up TaT. hewe hed trends wheeh geeny be Indlcate that praper atienton
in palkl 10 the aelecdion aof plaoting materists, thet of 3o plept clean wbers thas i
arg T:hely te horeesi & clean petslocl.  Bloee recenily we hows oenr matrla’'s In Lhe
Troplral Produsis IRetitule in the United Flnpdoml, B0d they c=sme {a think LBsSe rur
problon migkt e o vinm aoe. We ara ook vet eerbaln of thia, bar we sre currvlsg pun
further Invesllgationa.

Me. Pilprim -

T {ued want o 8dd mme polne to what bro JeMoers hes jost sedd. We gTe gos a2t all
rertaln abnut Lthls poeblem af Lhe inlernol speting . whedlsy I8 onuld a1 oerold ool be
1 virgx, e i the thliag: iz That vee have noliced no symeloms 4n Ieaves, ansd (hoep-
Trere wre &re ralbery Feeotlen] st the ooment.

an 1 malder of spacing &d wields, Mr CGosding ceid 1Rat oe 9ad rarcied ot
vifv [ew exprrimenta onothls matbes but we Io the Mimstcy of Agsiculiore bave alcn
cartlrd aut ezperiments ¢n spaclng a5 reldted Lo wields, and Pt resyltd are almous
il.:l'tl::lrll"'ﬂl wi'h Mg 5° % 5 *pacing agodma ' x 2. The 5" x T rives mlraas, daauie (he
¥letd.
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Mr. Jgrreg !

T was callier Inercaued i your pilomptd Lo gnos »a0E aul-al-seaxon & you mlght
galt. Yo wald thatl tha vines died aff after 4 monthy which wig soound mid-1neem ber
and Lhie seamed to be amood the zame time theat ibe=  ormal crop would ngec
matitred. Elspwehere iB that paTEgraph you hypothesldsd thal the malring af wvams oo
she dle back of ywida FILERL be aagcclated winle the brade whivda whicl alda came acuund
ild-DeeamDer,  Bal ¥ absecweq that thig oise rpleeuded w1t the end of Lhe raiby
gakpil ant | was cansidenog in Trinidad the dic back of ithe nemmol erap o yhioe
alsa prems to oocur Wik e gnd of tHe malhy seosob, ssaolly itwards the= =nd of
January. I was wondeckog I theto maghe be Aome pasorlolion Belween 1he €14ding
al Lhe Talmy sesamsy L the dFINE heck ol yam viogs.

Mr. Goondieg -

Ted [ndecd. 1 pil Borwasd 411 thaat polabs abmiply becaus: we lo oot Enaw and
chey de require [urihec study. I'm §lad to soe chal somelody  has ecluaily cead Lhe
pPapoT betadse these are points I dig oot make in py presenlation bot wepe poiuplly
io e peEpeT. We bl toy, yuue see, yama jm which sprootng led been deloyed by 1be
uee ol weleie bydraeide and they St Glanled Abaut 4 mobths Jater Elao the naormal
Y5, AL Pt me ther afre begloning W sprawt and we had hoped thel «¢ iolghbe
carcy tThem 4n wnhd yeep some loter, hat as | posobed et in my paper they dded bheek
al 1he Fame Hme as the yoms plooted 4 meoths earller, piviog lefa then one pound
par plent. Tt mauld hove besh e ongRt ol 1k dry season; b ooddld bave besn 1he
development of lesl dlavase, b ooould bave pesn the dyyipg cfect of the irede winds
wkleh appear st abagt the come tipe o5 Hhe cAlny seson =ord.
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EXPCRIMENTS OW YAMS N GUADELOUPE
_ﬂ:_',,-—.
3. Fouan=i

fartitny de Recherches A pronorigHes
Trapicales ¢¢ des Cultures Viveidret

%inve the estwhlishmenc of the Rescarch lnstwute for Tropeal Agricaltuee
and Food Crops (L Institut de Recherches Agrawomques Tropiciles ot des Cult-
wres Wivrkeres ar LR.AT.1 i July 1963, work has lween undeneken oo vams as
part of a programme of short term wotk with cesteicted aims, on vegoables, oo
crnps, oo awd oder food crops.

Imreress of vearms v the French West Indieg

The Interesl of this pragranimy 1 jm.liﬁu'd within 1he E;Ellltr;ﬂ pq:ric:,l ul e
daverifiearion.  This poitcy has been carmied ool for snme years i thess isknds,
in order 1 Teduee che sfects of an agriculloral production thas is 1oo dependenl
upon 1he gugar cuse god banana crops.

In 1the Freoch Aneiles, the vam is a (raditionel ¢top of primary impomznce.
Lacal wmarkeis ore far from beineg oceligible because tlie vegedable wker has meeaig-
ed populac ned ooly with (e small farmeres, wheo pradwce 11 for thear own consump-
tion, But with the majnmry of Arddlais. To these cal outlees, ane should add
ceriain firgign markeds, particulirly in BEurope, which are devclapiog due o the
presence of an incrgasing nomber of Annllais a5 well as 1w the grawang altcoclion
in thete countties Far trapical produsds. The yam seems =icly well placed to saeiufy
the new teguirements, an the ang land ecase of 1he gradigeaal taste foc this
crup of miany Anglleis fanners, and because of the adaptationo of this plam 1o the
diffzcent ccobogical repons of fhese iglands, an the oher hand, It seems gquits
possihle 1o develop giadwally from the nonmeraus different types of thin plant, bew
vartalics gatisfactory to the demand of nesw @nsumers, and adapeable Lo the special
proklenss uf suorage and ranspoct

Aims

Presently yoms afe nearly always manually cpllivansd by [urmers in simall
azeis where mechasnizaiion 3 ot passible. Morcover, Martinsgue and Goadeloup
are crowded islands, and space Eor expandinge oo'bevition is thore and sbare imited,
Thereforz, the problers 0 o promoalz a2 evpe of cropping in lznds switehbla far
mcehanisalion, keeping the methods of intensiee oellivation and high vicld which
will alfow the yam o compstte wath presoac evenoculieee.  Dogs within Usis weey
practical framewnrk that LE_AT. has been vsperimenling witle yams [or the last
=g

Calerion:
In 1964, su doventory of the wain vareties which ckis in Qoadeclawpe was

made. This i||'.r-e|||-:'tl:':|-' Aenly witly the fl.'&-|l|:|'l.'.-'i:|i|l; Fhane threg rnecds: crfﬂrﬂl CTPEHERITS,
corandata, esculenra, drifids oo bolbfers, cepresented by about twently clomes.
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Seven varietics menly belonging 10 the alarg and capertersls apoeies, coming feom
Dahomey, were also studied in 196,

This callegiion was conlnued in LS ard L9096 Somce new islroduwelions
weore made, such a1 the culjvar “Barkados™, from Tranidad, Twn carians kormesinss
in 1964 and 966, Wwo harricanes in thres years, vofortonataly dameged these
gculeetinns, sad hingdered Lo a great exient the resulis.

However, these eoections did allow us b achiews the following -

Develop soree  morphologic charactediavies which will nvake  possibbe
ilenlificanca in the fcld,

Extimate the leagth of e vogetalive eyeles, e poriods of gerntinatlan,
aind the lenpith of domancy,

Compare the sensitivety ol varwws glenes o insects and diseasss,
Have an 2acly estimation of vield patential,
Boiter wnderstand the meain qualitics and defeets of the 1abwr 10 gach variery.

By way of cuanplhe, wi progent some of the oesalis oheained from our study
ducing 1he last three years;

Splifed key boted on simple morphological cheracieristics defenmined in the
feelale.

This key seemed nececsery 1o us, considering  the absesnee of  sulficieon
ool detaz i has pust one purposc, 1 help the Javman 7okl all tbese coneemed
with yamn cullore in every day pragtisg,

The pracipal crireria a1e casy Lo obserwe gt any perind of the plant's vepetative
cyele:

- wistnig of e stem,

— FProsence ar sbsence of thorns,

— mrnbrer OF I&af bobses,
~ inlensity of pigemenislion.

Thie secomdary criferia Bllow more precise differentiations Boiwoen species:

~ prescnee or absonce of bulhs,
colour of Lthe pulp,

- shape of the tuber,

shape of the leaves,

number of (he wiring.

{rerinaiiom.

Mest of ihe obser-ed :.-am:llfenﬂinnte between March and June, in this
arder ol precocity!  retngars, ercwmrta, frifido, alnta For enoidentical graup, the
dates of pernination are quite close.  Howewer, we must point ot the peemnation
in March of an wlare yam e Dralemey. Te fullows b, inospile of 1he possibil-
ptpes of conservation nf cettain yams, the prodwetion of this tuber in Goadeloupe
iz cquite eeegu'ar all the year long.  An “uncycling”, for cxample, by means of
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cthylene chiorhwdno as tned yy Trnddad | Camphel]l, e gl 1Y621, seems o be
very el if prodection is to be copularized,

Yields.

It is importand 1o distinpuish Mmom the beginning sevetal Lypes of yams
Yearms pardiciler]e aperecidled by ok conruererr: In the el proup, we
wspuchlly study nut anly 1he constiments of the yield, bun 2o e diflzrense
which may cxist beproen Lhe clenes and the susceplibl: fstors which can
modify Lhem concerming:

— Mle exieriar appedranze af the tuber (reculanty of shape,

appenrances if cogk, sbseooe of rentlgls]);
— the 1aste Gualetics [1extore, Bhoe, Tateenen]);
— the gualities in conmectiun with possebilities of slonng and transporaton.

Yeaner of Qittle or w0 sse for Renas cornwneition: bat ils high proeductiveness,
cven {fx hacdincss, may be considered to furnish perhepas o base for aminal
foxads,

1°0r 1hess sarls af yams, rhe searched-fe gqualities  in priarisy are the high
vield in ory materinl, the EiLsE of cultute and harvest, (he possibitity of cun-
servolion, the absence of Joxkcity, and the appetizing quealieca.

Here ame some chtaned yields 0 various places in Guadelowpe, i
1964 and 1965, in areas of 100 w LN squers metses.

Pacala (. alarx)_ .. ... ........ 15 10 20 T/Tla
White Cush Cush D, reifaay ... 153 0 20 1/Ha
Swoet Cush COwsh (AF etcelenrg), 2 toe 3D T/Ha
— "Cpr bas boo™ [0} aloee]. o, ., ., 30t 40 TFHa

{Melric too por
Hecwarg: ).

Fertiliptr retpieis

The rosults given below (Tables | and 2} show the impotance of minerat
manoce wpen B deificke These rwo testa have Been macks oo recent valeanis soiis
in Basse-Terrs [Cruadeloupe}.

Table 1. The rerpivse of £ infida ta mineral and organfc fernilizers with IiGking.
[Vieledt In merrle tovts per feecrare).

I T7Ha B ivhowr
Organic Margure Marures Mean
S0 KesHa 10014020 2101 17.5 .3
Withowl rrinecal fenilesre 19.3 14 .5 15 .4

Mran Yield 1.2 16.0
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Talbie X0 Tl regronse of B eaftdn se minerdl ang wrpamice fernlizen) in the obgence
nloaeed et 1 ¥eldy i metris joms per keciare)

f5T/Ha FFitfeoud
Crganne Marure Moantere Mean
TO0 KpoHa 160 L .1 m A rI N
Withoul meeal eralizer 14,5 5.3 5.9
Meran ¥ield I1.E L7.6

In loih coses, wa naobe:

— A fpHaficaem didereace Etwesn 1he pluats whach hovwe Best minecal [ernlized, aock
those whicly hawe not.

— An ingignificuny difference between the plods which hive begn ccgamicslly end
thioaz which hawe ol

Fat the second trial, Ber example, the inorcase o vield duy 1o the facpe
mirecd] mavuring (4,7 ToHak comes, atb the presept cost o of 1his yam o Ceoode-
Ioup, 10 3 financial profit greater thao 3 ddhat is, the relaticn betwesen the increase
in witlee ol the <o, andd the ocecase in capenses resolling Broao osing fertilisgrs ).

It is interesiing Lo nore phe sivilaricy of the olnamed resulis, in spale of 1he
impurtaol ifference bewen the [ormula of il minure appliced.

Finalty, ni= meost note that the Brsd inal wee obtained by staking the ywms,
pnd the secomad vese Al ained withowt staking.

Lakirg:

We teeae] (Tis probkem mors panticularly with D, adsre, in Guadeloupe,
with a brown soil of meeenl voleanie odgin.  Inoahg eest, sy assooated dhree ways
af semn-mechanical preparation of ridges of emth. Besides, on the unsiaked plhas
of Iaod, sugar-ane straw wais spread na the rdge afler the planbing

Thepe resuhis, (Table 3) some of which may appear o be surprising, wayld
meril further siuncy.

Table 1. The effact of rype of ridpe and mudching on pislg of L. alato. (Vield
MEriT IOHS per fectare ).

Tiitlage Redpng Ridgery on Ridpiny on
Nraklms orly furrom Furrenw wiph Moa
citre {edras
Muolching with tans
eaves 7.5 0.0 2.4 rd N
Mo sraking
Mo arnelching, 2.3 1.1 M.F Mz
Ko staking.

Mewn Yeeld o4 | LI s 21.3
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One does ool oheerve 3 sipnilicant diffsrence between the ireatmenots.  In
shoyld be inteacsting to prove such a resul, b which cpe cao Loy to caplain the
Tollowing, o odber sitwations: the leaf development, much reduced in unstaked
swils, 15 sullicwent (o give as higha yicld nthese plas ag i 1he staked anes, it aosos
thict, for the whole o the owture, there sost exise o yield limaooy (the laa of
minman ). [n the present case, the reasons why the development of the tuber 1
limited may come from a senl=lilkge thal 15 woo much superlcial, as well as 8 gquick
soil-compact and silting whuch characierize sush seils,

Independent of (he economic auvanlage of the disconiinaance of siakirg in
such cases, wo will see, more 53, that molching oo the surface doss ool appear jditis
Fueyl, soymetunes, Bar the collure of this vanieiy of alate.

Crarierd of weeds:

Controlling the werds a0 unstaked yan coltore i very ioponan, for (he
fellowing reasons:

Length of culvwry pecicyd

Imperience of period when plant doss oot proporly cover  the
eraund

Father ALl comitrnl o 1he weed l‘.-_:,-' 1he il ih:¢|[| pﬂrlicui:lrl}-
certain ypes of alata

Imporiant competition herwsen yam aned wedds, conceommg the s
of water gnd fectilizecs,

To the aboevy peasons can be added the hagher and bigher cost aod shostage
of the Fronch West Indian [abouar.

A way Lo partinlly contpol the weeds consists in planting more densely, which
of course modibies 1he average weight of the yams {often limited by commercial
imperativesy, and the net fdarined veld once deducted 1he weight of the plao.
Tlncler this final aspect, (he uplimom densily 15 often far from fhe one thar Wk
pive Lhe Boal woed cantrol.

The mulching praess is equally jntecesting for comrolling weeds. However,
on soils where surface Nilligs while cultivaling seems necessary for making easier
iniser acraticn and Srnage of the sial, mulching con be hacmful as i makes difficui
asieh & soil culivation  This miy eapln the following reselts Table 4 ohtsuned
Bisg=Terre [Guadeloupe) :
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Table &, ¢ A pre-smergert weedkiller was used for the whole of the o)
The eflect of mulching on peld of yams af Bavre-Terre [Cruadeloege ),

Cade feawes Ml Fare Soul
YrELD
(in T+Ha 14 2 19.2
¢ Significant dilleconcs )

Of 11at which concems weed contral by chemica| wesd-kKillers, the wiligition
of thee following herbicides bas been compared v pre-cme Zency;

Fromeicyne oo oL 2 Ke'Ha Spreébd  mier planting, aveoidin

Dwrow oo oo 2, A KE'Ha buli pulverization oo dhe tops

Alraripe . ..., .. ... .. L & K th: ridges where (ke jyams &re
Plnoted,

Alruzine showed a slighl phyiomesicily in doy and clayey areas.

The period of effcetive cnnleal by gtrmdAne (tolal conleol - 6 19 7 weeka)
appearcd hegher 1han for the twnoneher wagd-killers.

The vze of these weedkillers reduses the frequeney and the time of weedinge.
Arradimne fenk 153% e weediog Jing compired with the owe oiher weesdkillers.

Fur the some qumber off 'A'I:Eili[!gE done on treawed awd oo oeated plots,

1he pields abwaned Talrle 5 na plats trenled with weedkillers were higher thio on the
wrtrzaled plors.

Table 5. The eflect of chermieal wead evmiees o wield of pawes,

Yield T¥Hu
At Poometryme 4 6
EY Thuron 18 6
T Ardazine 16.1
LIy MNohing 13.2

Mo significant differesce belween A, B and C,

CiracLsHom.

The yam 1§ & plant Inr sdich inderes in 1he Anclles i+ far Trom being neglect-
cd. Within & shool pemod of timee, the developroenn of i culture supposes Gst on
a profourd knowledge of exisiing vegetable material imd its adapiation to the diveise
West Indian coolopies. B supposes forther cn the choice of varietes to promale,
amd el tuning of ail techniques fo groaw 1hie vam, 0 moereso Importanl arcas, wail
lighier profics, ac the lowest possibls prices.
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Cpmphell, TE, YO Ohokpeke, F A Terdba and IOV .5 H{I-a-Sh!J {I1R52]: Zpore
physlojorica?  Inycsligatlons into ihe White Lishen  yain
ITebnscores afain 1.3,

Tre breakage of ibe test pericd] Im oubet2 By chemacal mean: Bmpire Joarn of Esper
AET TR TI1H]). 104
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REGENERATIYE ABRILITY TRIALS OMN TUBRER FIECES OF
ANOSCOREA CrMMPORSITA 1IN MEXICD

by —

Tose Sarukhan K. and  Jesus Wezquez 5.

Cgoiyicon e Jrensroreay, franinsio Neeiomal de IMeetngaciones Foresratny, Srorefees
de Agricaltura ¥ Gamgteria, Mexica, fLF,

Rhizomes of Duoscored cosmpesina Hemel, & sapogenin Iearing yam, have
hevn vsed dunng the Bagt 1% 1o 0 yeies as the raw matenial for the syntheas of
i ligone and slcroidal hormones mcdically wsefol for diferesy disesses and =a
evulitery regulaten. n man aod ather aials, Up w wow Mexion has boew 1he
main aouce of this rew material.  Lois ooly in the Jast few yeacs than Tndia eod
Ching hiwe ponduced steroadal bormenes solaled from Diescerea delioidea and
waveril Slumerer sporizs.

Qrher sapopenin-bearing species of the gonms Dioworss have been used
eroage 0 pse al preeent in Mexicn; . Hordhpdda, 1) epiculiflaca, D mexicane
vemed in order of impoeranee,

Abundapcy or sapogenin comtent of these specied iz lower than thal of 7,
camposied; herein afler we will refer exclusively i bus species.

0. rovnpositd, whose comon paee i+ “karbosco™, has s Main area aof
disiribution snd ohundance in dhe lowlands of the Gol Copst of Mexico in areas
wilh a hod-humid climate (the A pe ol chmate 0 Koeppen™s clinatic classifca-
tion}. The best soile for the growih of D compoatitn are nud, velbowr or brosm,
decp letosolic or leteritie with e Guirly god drainips. fenmed Iromm voloanic
materials end with pH valugs ranging from 5 o & The native veeetamn in Lhess
conditions is in mosl of the caszs a high evergreen forect wilh dominant fdea e
asn Termmineia amazomia, Callinfeiivgr bravilienss, fhalfum ErigHence, Chumalieria
promraly, Sweetiq pangmenss, and similer species.

The productivity of £ carmposiie in nameal conditiona ranges Erom 2000 (o
4041 bp-Ha 1o 4 10 & Toms/Ha, Average yields conge frem 1 w0 2 5 Tons/Ha
The amount of Dissgenin present in the rhizame, which is the pradwet thay gives
value to the 1bboer, s affected quide draslicatly by environmental faciors, Water
cuntent of the scil is one of the main facwoes thal prodoces varigbiliey i the
THespenin contenl. Genelic veriaton could  exért anfluenee alst cm the hrber's
saporenin content. Percentages of Ilnsgenin in lubers of M composito averypes,
in nolorel conduians, hetwesn 4.5 and 5% of the fresh weight,.  The average
pronfoction per pland is dove or 2.F 0 3.4 kg The highest yeedd found for a
Anple rhizome was & bit more than 130 kg

Barhasoes 15 exnloiaed ag & wild plant i Mexken, and hencs is considered
a6 A mamra! renewahle ecsoucce rather than = crop. In regard o 3cs walue, barbaseo
aocupies the second plose, alier fimber, anvtng the netion's forest products. The
iotal amoont eatracied in 1966 was 150000 metric tons of freoh chizome.  The
villee of a mefric 1on of thizome, {fresh weightd, with an average confent of
sipugenin betweenl 4.5 amd 5.0% & approRlboglely dee eyuivalenl of 53000 05,
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Soun after the indalion af cxploitalion in Mexico, the Mexicao Govem-
meod thooogh it Mational Insteg of Pocesiery Research, establishal a Commission
for the Jlwdy of ecalepy of this plaol.

The ecopbogical sdies have invelved the careful analysiz, description and
chasacterization of the main plant communites in the Gulf copstal aopical regioas
nf Mesico, the podieetiviny of T3 soreposia within each plant communicy and each
peopraphical arca, and fhe effect of the aothropogensic acrivities vpon such
praluctiviey.

Aopeneral piclurs of e eoclomical studies concerning 0. eornpaciia &
pacsented by Gomee: Pompa e of, (1064, Samakhen, (1967%,  elaborned a
thorough enalysis and discussion of the methed employed m hose studiva.

The basis of all the ecolopical [eld work Ties on the defninnr apd delemic-
tian of upils in A given peopraphoeal ares. These have bheen designated as ecological
peily frarukbam, TR67% These eonlppical umit: are soparatcd By means of heth 1he
physiznemy and the Badgeic compaseion <f the commumtes snd always cores.
crond wilth w vegrtaronal (pge, {MMirands and Heroandez X., 1964},

Wegclation maps are made dolimiling these ceelepical unile showing the
geogriphical dusteidsdicn of the communitics that include or cxclede 1he presese
ed 1. remposea. These ceological wnits include peimary a5 well as secondary
vrg&l.:li;m |'Ir|1l.|l|-:,:l:'.l_1 by 1he anllin‘:lp-c‘:-lﬁgi-:‘:al acrivljas

Coe the vepedation maps for difzienc areas have Deen elaborietcd, antensive
ran<dim hﬂm]’.ﬂirlgﬁ are reade o sleler-nine  Lhe ]:lrnd:;l:{ivit}l of . i;..r:m;ul-m;,:',-p-
Producciwity Eor both primary and secondary stapes of vopetalion and hence foo the
wepglalion Lype 1o which thase atages belong is caleulansd. The addiian of 1he
orodectivites of diffeceal vepelalion Llypes, pives the appioxipate productivily
dential of a given georgraphical arca.

i themy, ane wonld expect tig hreher peaductiviy levels shauld comer
in the primary forest, But in oue condilions, Tigles prinheztivily levels aec foonded
i svarnnlary naes scome 1% vears of age,

Tz 3% the eage when pessants Foll he original foisy or hich werstating
frr the cuitivation of hiz crop. Whilz ploughing 1he field, 8 frequent i:ragn{mtuiin_n
af mary of the Adreorse tuhere present in the around acears. Thie 5 Loy
eicient way of slimulaling vepstadve propagation. Wit this incrzase of indwiduai
of £ coreposita ons needs only do allew time to ped 8 very high production i
that choandoned arza. 1P 6 meccessary o say, howeever, That §f <hifting apricubiore
pevmite and even stanmlates che nroduciiviy of £ comagsienr, permanent agri-
cuMwre, vn Lhe other hand climingtez vy presence quite drastically.

fis our fechng Than ), porepedita ecopies # proseol 2 peivileped pasition
m raliehan 1 sy pedak Crops or ather sTope, rinee Mws iy ope of e Few SPEGRE
in which a gond deal of s crvimmmental requramienis are kncwn in 1he wild and
its rclutivarhens wilh the physical sod Liolic componenis are Gacly well easablichel
bBefore i beocanes & widely disidboted cuwllivar.

Winse of the problem of cultivanon af B, awrpawia have bean studicd amdd
solved [Mardn et &, 1966). Dis cultivation in g vommercial scale js possible.



SRROIEHAM:  JNAOArcd caml oS oI — 151

Whether or mat £} comstrasisa will become & very imporant coonomic crop, s &
matter that falls beyond dhe scope of thin prper, inwever, a paint that we would
like Lo s1pess here is dhal the basie beowledge of the scologica] celationships and
requiremients of any cpecies Al Uhe wald lewvel would hetp consmlersbly mo any
attempd of domestksnion of such & spesies.

REGEMERATION STUDIES

Although D, comtposics has a foirly pood index of gelf-ro icn kally
by fuber preces l2fn indhe grownd nr Tay geeds, we becare intergsted 0 onderstand-
ing &z nmch as possible the dvnamics of s regeneration. 'We were Iooking for 2
methosd a5 natwcal as possilibe 1 dnduge the ecpopalation of 1his speciss, Cur main
expericnees concemm he ability of regeneretion of differenl parts of the tuber in
experimental eondidions, 1he charactenstes of sced dispersal and the stedy af
veability fif seeds i nztural conditivns.

The Iallowing trials hive besn carmad aul i an ares with deep, red [ateritic
boamy-clivy 3oz, OF ablewiadl origin, with & fairly good draisage {Red Lateritc
Soils, Somimaturmn; Cuanalo, 19657,

A, — Erperimenial ahjectives,

The 1rials condocted had the following objectives:

at to citablish (he effects of dislurbance of the verelaton wpon (he regeberalion
and the growih of barkassa tubers;

bl I determines & quick and effective method of regenergtlion;
e) to Jmow which tober pieces sprout st andfos reproerare bagt;

d} to determine the best seasom for the iniliation of regénerton practives and
the optimum depth of planting; and

e} tn ohtain informalion concerning increass in tuber weight.
B, — Materials ared Methods

Tubers of plants from an arca contiguous to the experiment, were collpcied
af tandnm for the trials, ong or two daps before the planting of the experiment.
Digged rhizomes wered stored in & fresh, shaded place.

Thiee parts of the thi2ome were uted in all biala the area of emergenee of
ihe vines or crown: middie podtions of the tuber and teemenal ar 1ip picces. Two

sires wf guch of the (hree podions were dssayed: 3tm, (2 in.} and 10 cm. (4 g.)
Treatmonts were as follows:

T I —Crown piece 5 om. (CP 53

T 2 — Crown piccz 10 cm. (CP 10)
T 3 — Middic piece 5 cm. (MFP 5)

T4 — Middke piece ID cm. (MF 10 )
T 3 — Terminal piece § cm, {TF 5)

T & — Termingl pices 10 em. {TP 107



III — L&z EiHIT CROPS SYMPOSION

The experimental docipn used was random plots, with 20 keber pieces per
pat 1 m., (M in.} apaet from each other, Plos wore separated 2m (RO i0.] oa
all sicles. Tamab pumber of oropagules in & capariment was 420,

Tuber picces were cut 10 the approprile size (5 or 10 cm) with a tieshets
only a few hoors before planciog. Holes wers made and the tuber picces coversd
with 4 shovel-liks insleorment (Mcia™} at a depth af 19 — 15 cm. (46 ). Ka
fubgicade or any otber preservative was wsed.

Four different trials wers eclablished 1o determmine the influence of e
chisturhgeee of afe vegotation snd 1lic difcrear scascn of planting wpon e Togencra-
tign of tuber

Esporument 1. — Flatnng in g derudze darée, during the dry searan,

Uxperment 2. —— Manting i sepondsry wegetation 3-3 m, Righ (2.1 yegrs
oid). during rhe dry searoM.

Experiment 3 — Plasting in sccondary vepolation 15-20 mo kigh {15
weory o) durime fhe oy searom,

Experiment 4. —  Plandiny in secondary vegewation 3-8 . hivk during
the reiny segson,

The firar 1hree experiments hed caactly the same ieatments and the zane
cxperimental design of random plots, The founh had different trcasments in
random plots.

RESULTS
Experienent 1. —  Planting in o dempded area.

An arsa with secondacy vepetation 2—3 ycars ofd with dominant speeies
such a5 BFalrheria .ﬁ'rtwl'?&'.':- ffr!r'-r:lr.;;rll:u_l: danxell-sriiiidd gol Bira GFrediana, was
selecizd and cut do oblain a barzd arca, but watural vegelalion wae allowed o grow
after plaming. The ciperinem wag planled i1 December 1959 ond  hprvested
Brecomber 1981, Seven observotions mere made beiween thess two dates. Resehis
of Erpetnent |, are presented w Tables 1, 2 and 3.
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Tuble I, Mumber of live plants ar harvest, planted in @ denuded area. Plunss 1
year old origingring froer different tuber mieces. Ovigrnal Runber of progageles

wer it 24,
Treatments? Replicaies . Tala]l of Treitments
[ i 111 v
CP5 5 2 L] 4 1
CE} 2 13 & 5 i3
MF5 T b 7 7 26
M0 T 9 7 5 28
IPS 11 12 o 11 45
THED id 15 3 g 41
Tolal vl Beplicales 5% 54 LY 43 192

“See 2%t [ur cxplanetion of 1coatmems,
C fecrrecton of meand; 1336,

Sum of squares of realments: 118
Suarr af squares of replicaies - 20 33
Toel =um ol sywacez: 246,

Tablz 2. Arelysis oof Pariance of data in Tabie 1.

Srurce of  Sum of Degrecs of  Warlance F, Cile, F Tables %ijmih-

VaTianan Squures  Freedum 0.05 cance
Treatments 115 410 5 21800 3_*374 2.5 +
Eeplicares .53 3 & 178 0.%943% 31.29

Eriur 107 .47 15 7.178

Tatal 246 1) a3

+ Sigruficant dillcrence betweso Weatments.

Table i, Feauw sfenificonr Sifferencas af Experiedr 1.

L5 at &, (15 Tevel: 16146

Treatrnacnt THals of treal, Dt T Sprouting Significancs
TES 45 - 56 .25 a

TE1{ 41 i 51 2% ah
CPLD 13 B 41,25 abe
MFi18 24 5 a5 4 b

MFP5 i o .50 b

P 19 7 a3 .7% [

“Tecatments thal do not have febters in common are significantly difecenn at p:0.
05, accarding 1o Deaacin's methed, (19555,

Treatments that strouted Ot were CF5 aod CPLY, (Crown pReces, T aed
17 em. gize)) however, crowns of 5 em. peacsented the lowest nomber of living
plants at harvest. prebably due to 1he amownd of reserves present in thal pan of the

rhizame, 211 nut of 4530 propageles wete [ost Ty eoing, Highest decay seas foond
in middlc pieces.
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Experiment ¥, — Flaating in soowdary vepeiniite 3-5 m. kigh (2-3 years
o).

The ared selected foc i expecinent was contiguous 19 thar of Esperiment
1, with sinular sml propecties butl dilferent vyegelalion coverage, with dominant raa
such as Helorarmer dovael-nmifeil, Agpeiba nbrerbog, Cocklarpermo wilifoiam,
Bive oreflpng, Waltherig brevipas, Clibadiem arbovewm andlushes soecrnd.

Treatmenls ard cxpecimental desion used was the same of that ufed n
Exreriment |, but cach tuber piece wis wekghed

The experiment wes plantcd in February, L#61 and harvested [recoinber,
1965 Six obscrvativas were made between 1hese 1wo dites consisting in coumiing
the sumber of sprouted propagules. Besuls from ihis cxperimeat ace gresentod
in Fahles 4, 5, & and 7,

Tuble 4. - - Numbar of Iive Mants w harvest planied in @ secrindary vepetaiion 3-3
&1 high Plagie S0 montte mid orlgieoiieg Tromr Terenr fuber piecez. COrRiginal
rumber of prapaprias ger ploy 240,

Treatmants Beplicates Taotal nf “[reatments
I 1l III I
CFh i L 3 R
CF1i0 2 1 ) 7
MF3 - 5 I 3 |
®AF 1] 1 3 ] 3 E
TPS 4 5 11 3 23
Mo 3 2 4 Z 17
Totsl of replicates 18 19 24 11 72

Table 5. drotyvsn of Varigner of defe in Tahle 4,

Source of fum of Degrees of  Vadance F. Cale, (F, Tables)  Sipnif.

Warkdien Sr nares Freedomm 0.03 cAnce
Trealmeniz Fr.00 5 141, 60 1 7o 2.4 +
Keplicates L4.33 3 4 77 (. Kb +
Frror ol a7 15 F.ol

Tatisl 156.030 23

+ Mo sipnificam difference hetereon treatments nor hetween replicates,

Resulig nieined a1 almoal four yearas of growth contrast with these
obtained at 1 year. Cme OF the ohsgreations betoreen planting and  banesing
why analyzed i an aldempt W lacale the cavse od this dife2repee Tabkle VE shenss
the analysis af variance of data olbegined moam observation ewo yeurs alier the

plnling.
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Tuble 5. Analysis of Varionoe of data chealned in gr observation ol nymber of
sprauted propopgaier fwo years afier planting in tecondary vapeiation, 1.5 m, high.

Bomrer of  Sym of  [egeoes of  VYanance . Cils F. Tahks Sipml-

Variotion  Squares  Freedom 0.0 Cince.
Treaments 124 A0 5 2d 0D tr. 93 2 +
Ervplgates 4 A0 3 1.50 0. da 3

Error 3k A 15 3.4

Tual 17650 23

+ Simificant differenee belwesn drcatments,

Table ¥ Legst sighifican Sifferences for e Aralvsis af Variarce in Toble 6,

LD at 0.0% Jere]; 11,203

Treulmciis Total of Lreat. Diff, o Spreatiog Significance +
TS 34 - 42 .50 &

TFRiO FL] & 3500 ak
MEIO 17 q 21.2% B

[N 4 3 17.50 cd
M3 13 i 16.215 od
CFIlg 4 5 1900 el

+ Treanneots tyl Jo oot have Jetters in commaon are signifcasdy difecent,

Best wrcarroents at 2 years ofter planiing were agaio detwine] pacts of both
ciees. Lorirwan parts showed 3 SOnEI&TENT 'I-E|11.1Er|-:""-.' al T It sprouting just after
planmng but & poor sundval. Only 1535% af the nnglna] propagules planiyd remain-

ed alive wnti! the fourth year. Highost husses were [uwnd in teeatmenls involving
midfe and crown Luker pieces.

Ezneriment 3. — Plangag in recerdars vegeteifon F5-20 w1 Righ (T3 paars
add),

A site with an advanced sccondary vegelation was sclected |locined X5 m.
from prececding experiments. The sie had 1he same soil propertizs and dopemraphy
as the zics of Bxpermeol |oand 2. Dominant spocies here were Termifnalia
amorond, Apetha thorkot, Lushea speciosa and Cordla allicdora. Trees were 1%
20 m tall and the surface of fhe soil was almest complaiely shadel ami coversd

with 1 thick layer of humus. Vepetation wis oot distoboted {or the establishment
ol Lhe vaperimunt,

The date of planting &was Febrwary 1961 and of haryesting December |905.
Between planting sndd harvesting 5 cowning of snrowted wopafnles were made.
The smne arcalments and experimental design as o the preceeding crporimenes
wers werd, Tables &, 9, 19 and 11 show reepls and sepdisncal onalyeiy.
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Tobde 8. — Nurrber of lve plants af D. composila af kervest. Fropagular planted
ta gk recomdury petlakaak, T5-200w, high, Plarts 84 marifc eld arignatieg {mom
differeny tuber pleces. Oripingl imimber @ pragseates per plaic 20

Treatments® Replicales Tatal of trearments
1 II III 1y
CP3 A - - 3 5
CP1D ] | 1 1 11
MPS - 2 - i 3
MFI10 1 2 3 - 5
TP% 7 I 5 3 13
TELD 3 2 1 3 o
Telal of replicoics il | = 10 13 52

“hes 1037 for eaplanation of trestmeots.

£ (eorrestion ol mean): 112,686
Surw of aquarcs of Ireaiments: 36,34

Surm cf sguarss of replicates; 146,34
Tota] sum of sguates:  [0D_34

Takle 9. = Amalysic of Parioree of duig i Fable 3

Sourse af Surn of Degrers of  Variance F. Cale. F. Tables Sdgnif.,

Wimmikian Lquares Fresdum .05
Treatments 34,34 = 7.26 1.92 2.90 i
Eeplicares Ih. 34 3 544 1.43 1.29 +
Error 5665 15 3.8

I'niad 109 54 21

=+ Mu sigmificzin ) difference Borween ore sBaments vor reqal icoes,

Agindhe cuse of Expenment 2, no difference was founded  of regenemntive
abi]ﬂ}l amplicLp, e daffarem pars of 1nbers of 42 F ity St sImost A years afler
planting. Table X showe the analysic of Variince of dita obtained in an olseyyvation
iwo vears olter plaming.

Table FO. Awalysic of Voriaeee of duolg observed ar mumber of goroured propeeeles
of 11 compasitd fwo wears after plentine fn secondary vegerarion, J5-20 m_ gk

Sourze of um of Dogrees of  Varianee  F, Cale, F. Tables  Simif,

Wariatian Bquares  Treedom 1,415
Trealmerts 233,84 5 40, T 4.94 2,490 +
Feplicales 2307 3 T.72 (L1 329

Error LT 13 2 65

Total 401.94 23

— Significag] diffecence belwsen Irsuiments.
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Table T, = Legsr werificane difercnces far the Armaleeir of Variarce in Table 10
LED. pt .05 level: 1B.TI

Trcatments Tolat of weat. [l o Sprouting Sigrficance+
TPI10 44 — 55.00 A
TS 33 Il 4] 25 ]
MFI1 29 d 6. 25 i1y
CHIg 2l | 26,15 b
MF3 iy 1 L2.50 -
CFE L 1 11.25 cd

+ Treatments that do not bave Jeters in commen are signidcandy dileremn,

Temunal pieges 10 cm. aize again showed the higher regenerative abilidy,
hiddle pieces showed a similar regenerative ability 3a tecminel pieces 5 em. 0
lenpth.  Fhe middle amd crown pieces of Ui teber gave 1he woest mespanse, Lo
Exprianent 3 enly 10,8 percent of dhe 1otal initiel populetion survived. Almose %5
ond M % recpective [y of the peopagubes of treapnents with middle and croewn pieces,
decaved ar fawnh pear.

Experiment 4. — Plaxfing fn recondary vegedarion, -5 pt. high during ohe
FRIRY FEGHIM,

A& Trymh Experinsgst was planned 1o ohserve the parbodical ncreise in
weight of wobers. Trratmonts with terminal and crown picces only L cm. o
length of D, comprgify were progeaninied b be hervesred 6, 12, 18 and 24 monlhs
afree plantiog. A oew wvadant wias inimduced o this experiment. 1o plant the
propagules m the middle af the rainy acason. The hWigh noistore of the goil
caused an alimsor complete lost of propagules due b decay, Mo analysis of resuls
was muode,

Anelyiss of welpht bcrease af I comepeslia fubher pieees.

The individunl weight at planting and hareest of cach propagule wsed in
Eageriments T and 3 wrac analyzed. Howewer, 2l eatovenns except bwo showed
2 loes in weight st himvest — Afmogt all the survlving plants had consideeahle gaing
in weiplt end jncreass in luber Jenglh wan quile ootiesable.

Crifferance in weight  €gain or Iogt]  of tuber gt barvest are presented in
Table 12

Tokla 12. — Dflerences in weight af Rarves: of propapeles of B, compisita phasied
i secondary vegermion (-4 years old), Agpe of plamiz st Rarvert o 46 prondhs,

Treanrnernt Difference THIF. bet.
io weight Irepiments Jigoificaoce +
fneg waluea) .

TPS {1 518 — a
TPIO 4. 3225 2. 697 gh
CP5 d, 245 0 1k alr
M5 7.0090 2.84% ab
CPI12 LU 1L 1.515 b
MP10 19,360 D755 o

4 Treatments thet da nd have letices o semmon ure significandy Jifereni,
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Tahie 13, — Differencer in welght of harvest of progerpedes of [ composil
planted N 0 secondery wveweralion (13-20 vears old). Ape of planrs af Rarvase:

5 mroHeis.
Treatment Diderence in THE. EbeL. Significaoce +
weighl {negative lrejtments
valoes
TP% .030 —_— a
CP4 3.765 3,735 b
TELD 4. 1) .525 b
BAES 7. 2t 3.150 c
CEIO 3775 2. 155 C
MFD 15 . 610 5.835 d

I Treatmends 1iat o mon ave Temers an comenon are aignificantly daifersat. Muldie
detrimental values ars found in termioal pieces bodh of 5 and LD cm. im lenzth,
Highe« detriments wers found o irceiments writh middle picess.  This diffecnee
could be due in pard te Lthe wide differcnoe in weizghl Belweeen thee light lermiinal
parts and the byulky onddls pieocs.

DS L 5510M

A definite behavioral pattern wras foond in the tests of repcneration abilily
of taber preces of £ corrpeasda, Ter-mnal Eeces. whaete a wreat amount of
mreristermal tisswee is found, proscoled 8 consistent hagh cpemerative capacity from
the first year of groodh.  Althouph crown pizces sproun vore promapdly, they do
il Tave the capacily B swrwive protihly due 10 The lack of rescrves. Middle
picces, althowgh conteining a pood ameuod of reserves are very susoeplible 1o
ducay dug to their relalive lack of mensicmal iissiees ond (he larpe arca cxposcd
to Fungus and nemetods invasion.

A merked difference io the number of sucviving planis wag found among
the three diffcroon experimenes ar ehe cnd of the Bra year;, nienher of sumving
plants decrepsed as the age of secordary vemetalion increased. £.2. the demdegd
| (TR h:ighl:r mumber of survival than the g and pdvanced ﬁl‘.'i;l.md:lr_l,l
vegriation  The young (3) 4 m. high) secomdary vepetation had more live plaots
#l harvist thao e ke vdth advanced scoondacr vegodatioon (15-260 m high),

Obviowsly a strong conpetitive fector produced by dhe palive vegetallon
plavs 8 very importend rele @ Lhe vegenerative abilicy of . compesira  tubers
This phenomeuy was abierved glao by Cruzado, Drelpin and Foars, {19641 wln
found that all live suppers shacply recduced Deorcoaren yields. Melinic mienriflara
Heauww., the molasses grans.” shosed a werny anderesling kind of moot inhikidios will
D camporite prapapules,  Teber wieces proewing invder amoarcd heswily overed
by this graas semiined alive with the same criginal size and weight dudng the
almogl fouc years of the experiment.

An abondan wald rosdestl, the  "tors™, (Seaebveer spo) alledted o some
deeree 1he phinted populaton of Kr, coprposita teapafinles, However, highase [ss
was produced by decay of the fuber on the grouwnd. The Ny stason Wis very
unfavoucable for the pleniing <f amv £ composia tuber fragment.

The resulls nf the cxpesiments somdosted show that reduced regeneration
practices with 0. camposiss twber piecss are oot favourable.  Mateenl regeneration
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fromn ebaodooed terminal picces of tuber seems (o be nwore <uctssbul. Observa-
tions un the ipluence of e depn of ptameiog of propaguics and on the peydocdical
gain in weight are needed 1o obtaio a4 more complete picture of the Tegenera-
tve sbilty of D, compesite Lubgr segnacnls,

SUMMARY

Tubet fropments of Dioscoreg compasita wore used to obscrve theic
regenerative abiity. Crown, middle and tcrminal pieces of the tuber were used
and oo sives of eiech pon tested.  To detérmine (e eiiect of the veoetaiion on
establishment, — propagules wers planted in three stapes of seamdary wexetation.
DPuration of caperiments wos from | to 4 years. At four years o sigmificant
dificrence amomg the creatments was foond. However, af the end of the Drst and
seiomd wear, lermmnal pacs presenled the hiphest regenerative ability. Crooem
picoos Sproul pRomjicty by doonol swnvive after few oondhs,  Aiddle pieces are
vory srscaplible v decay. Compettion by the netive wegetation shawed to e an
impactant liming Factor . - fae proctices umed a inéreasing populaticm A ekelch
ic — presented of O Cemperibe in its nalutad eonvironment o BMexico, derived
Frome the ecolopral studles conducied bt dave.
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IMECIESIONS

ke, Bichardoon

I bare twa gqiestions.  Fiest, 40 you vefor {0 Disspaten csmpnalis an an itdieldUal
Lpecie or & eorbinedlgn of o ouiber ol spogles of the wild materiad ?

e, Sarakfars o
1F |4 One Apecre

Dr. Richarupe .

The secomd spagatlon. T 1 umeperatand pnu ko gey thet pou fell that Mhe cesdron-
menlal eedlpgical koowledge wes qufticlenl o1 thiy stag= to put thie pacticetlap specie
under enlthralion &4 & reocpt

Br. Sarpkhad !

Mo, By feellng s thal =colog'enl knowledgs of the mequirament of o apede
a ve—y good help o teke tkee gpocle 1o domostlestlgn lewe).  Ifa by no means snough
te thko the cpecie b A Anmestleated lewe] bul 11 helps ¥vEvF mouch 1o wsderatend the
requirements of Lhe gpeele, though a Koowlsdge pioblion of these celatienachips well
ghve you & Detder picture of the [UMly profems in domestiestlon

Dir. Shrum -

7t 1 undersiond yua correctly fhere are Hpe laft i the groend sfter hamvessting
ppAratinme by wlld colleclors. Dn vy fev=l 1hol these Bipy will recover, poedoce pEenta
and contiviue o Supply & roat solree W Mexdep ' Amd | wiolldd Lee 1o ssk poy what
rhe priee of e moofb 15 ln Mexdon for 1he iy ool at the pressnl Choe.

Br. Npryukhan

The resldwes of the tuber pieces io the ground Ix not s reliohie way of rnansing
referimral [on,  QFf Couree e must remember thot regeoerafioo by seedy J3 alig guite
EFartive.

The oree ic weriable beeawrd= it deDends véens mueh on e seanieh A hatvetling. Lt
l5 about 30} pesoa pec tob Cresh wEIght.

r. Marpn :

1 wneld Lies te ask if the experieoce you geimed gver e YEdTE WOTKINE 00
Dloworen comapeilin leads woo o belleve that there stp strong difarepess Ln Bhe
arnpagenlm canlent and the taber gli= oo okeh to acead. Aca Ebeae dT=cences Eloely o
be Jeoethe rather PNabt eRvirobTanial ?

Dr. Surpihan

We have found sicolf {£lfTerefees 10 L sdpoFcob «nlent. Dog of the Melsbos 10T
thia di Ferspis |s e water coftont In Phe sall. ®e bave thedtt aboul (He problesn of
mrplugioal Infieeace or a0mebning more related b the FEneELle Brofreme of (1= BeCLEB.
Wa huve Ao elshed plodping Womtematiey of Dicoeokey somposits. hut e cospest
Lhek $here Ly gulie o strong gpenetic vardadtao (o the specles, We think thet Lhls geosile
vardation, jagcther with tee #colaglcal serloton, sdde ip the obserued vartabilifyr
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SOME EXPERIMENTS WITH POTATOES (SOLANUM TUREROSLM)
IN TRINIDAD 19634

— by —

T. Chapman

rghellt Research Lid,
Woodstork Agricoliural Rasearch Centhr,
Siftinghonrme,

Kent.

Tmypotted foodsiufs have fubfited an important zole in the dict of the
penple of Trioulad and Tobigo aod considerable sawings of ¢urency coskd be
made by wilising mare efectively the amwral resources of (he country  and
prducing mors food lovally.

Ona of the coops which has begn incrcasing in ita importance is Be podato
and the valug of impores of this crop rose from § W 9896065 o F WL 1317725
Juring the peried |1 2359,

Them :rrl:: two peassible ways of cotdng this import bill either by producmg
ailrigtive andigenous oot coops more eganontically or by aticmpling 1o grow
seme pirl of the wparted erap in Trinidad.

Thuz Gooding imported ceed tubers ofF veoous ohftivirs and tecisd them
during U peraod 195961 . HIs imtial success (Gooding 1961, 19643 od 0 the
belied that it would be possible o erow patatoes commerdally, A leost duriog
the dry yeason when cliratic conditions were & favourable as poasible for the
crop.  Gooding alse demangrated he imporanee nf aderquate arrigation o the
growil of the potato during the dry season,

Howewsr, baforg & proper ass4smend of th potio aa & commeretal
proposition coold be made, cemain Eactors had to be cxamined.  The spacios
which Guuding hal used in his expetiotntd secimed $ao wids, a fertiliser applica-
tion hod to be pre-determined and  the  imigalion regime oeeded investigacion.
Crndy dhe could an asseszmenl be made of the frasibility of growing the crop
commercal |y

EXFERIMENTAL (T3]

It hed been hoped 10 investigate irrigation regimes for (he crop as a
matler af priofity but wofenunalely equipment was nd avaifable o allow  (he
irfigation of smalk pleas and wo this was abandoned. Tt was decided therelors to
imvestigate the effects of a closer spacing of the crp wsing thrae of Gooding's
butter culivars, aimiaineg ol nakslure e close to the oplimum as gould be
achicved, ond lso 1o dutermine the oplimun fertiliser decsaing for b crop under
Trinidad conditione.

Gooding in previouws drial has weed an Incerrow spaciog of 3 6 with  an
inlra-toow daslave: of LR bepween sems. 1t was considered than (his was wo wide
mmd g this fpacing was compared whth the more noemal 2 25 x L. Three
fullivars were woed el esch spacing making six wreatments io all and these were
arranped i a randanased block design with foor replicates,  Tike coltivers wsed
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wers “Alphe™  “Eipenbeimer™ and “Pauones™; the seed (ubers beimg obtaincd
fram 1luabland,

The aitc of the sxperimenl was cpliivated and then ridged Each plod
hed » distance of miltber 31 or 2.25 It between the ¢riots of the idpea Fertiliser
wes added to the furroes by heand at a rete of 100 b/sere of sach of N, P O

anf K& ) as sulphae of ammoois, ssper-phosphate (45% PZ OO0 ) oaod
mutigie of pojash recpectively. The plol slog was E10 s3. N,

The setts worge planted 10 apam g0 e furmows and were covered by
splitting the ridges, Irigation was applicd at weekly intervels, the amoom  of
water japplicd was vacied ta replenish it defieit balween porenfil evapa-rangpira-
tion (caloulated by the Thommchwatle methed) and cainfell.  Pleoling took place
on 210183 and harverling approximately B0 days afier. Baovling pprayc were
used to eombit Abetrrgria selani bul diseise incidence proved not to be s problem.

Al miervals of 14 daya througlviwt the tria] two samples, sach of Gve
adjacent plont:, were removed from sach plot. Thess samples were separeted
indg leaf, rtem, eood and wbers. The verows plang parts wers weighed and
samples taken far dry matter determmgaon,  Men ascmiliation calce {Fw)
were calewlated for the different varieties gt dhe different spacinggy. Leaf weight was
ueed gi the bases for the caloulepon of E becwose oo way of assessing feal
#rea Tag available.

Remelis

The tacal ywelds of tobers At hervest e povém in Tabis 1.

Teble I Total vield of ruebers ar harrae (tons/acre)

Srarcimg 3x1hA A5l M Mean

Cultiear

0. 400 (3} +0. 283 (1}
Fatron=a 85.0=4 L B.O2%
Alphe 6752 §.61% T, 5O
Eigenbeirgar 7. 0B §.d431 7. 75T
Mean T. 09 a.937 E.I123

+0 22l (3]

I can be sean from Table I thar vield per acee was oweased by the closer
apacing and algn fhat "“Patropes™ oul-yielded sigoificantly both "“Alpha®™  and
“Bigenheimer™.

The peitera of the build up and decling of leaf weight and tuber bulking
is iMustrated in Ggure 1 for the coltivar “Patrones". The oqber gultivars werd
vintilar and disgrams bave therefore been omined,

The E (Bx} for al] coleivars at both spaciips are presented i Tabic [L
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Table if NAR's(E ) grgiweek

L

Peviod la. 2708 .2 28.2014 .3 14 37243

Spaciag 1kl 1t Il ft izl B 2x] fr ix1 fy xl fr
ﬂnﬂwur

Pairones 1.80 1.E9 L.4d .95 .53 0.6l
Albprluy 1.434 T 15 1.46 1 U Ep .9l
Eigznheimer P74 i 11 1.26 .75 (1LY 0 b
Acan 1.0 2.0 1.39 .93 r.M 71
Coeflicient o

yaTliljsn & 2.2 A0.9 A o

The data presented in Table IT show that theer was an overall decline in
L% throughaut the six wesk perjod. This wes oot altogether woexescied
becavee during the period le2f weight was increzsing tapidly and this must have
leed 1 dncocgsed shadiog of the lower leaves of the crop. The only slgnifeant
difersnces fourd were donpg the period of 28 .2/14.3 &) when the spacings
shgwied significant effects (P—0. 0L, Howeyer of ic clear frobe the Anal wields
Claart the catric bead arga per woed pilor atca was o Thiet gnougle o coppen:age
for this and =0 highest yizlds rmesulted from the plots wath the cleser spacing.

Lhwing 1he gatic seasnn § small plot ciperiment wax land down te o
dala oo the Ecrtiliser cespuicement of the crop. Smell plofa were wsed because
seed tubers werz in choen supply =od maximum infoswoation had i e objened
with the material srvailable.

Tha plel size uzed was 36 5q. 1 and the triel wes 3 3 factarial with 2
replications heving the Ecllowing Ircutments:

™ gt O, 200 or 400 1&wcrs a5 caleium ammonigm fatgake
F2 05 at 0, 200 or 400 Ib/sers as sopefphosphats (45% P2 08

KzOat 0, 150 cr 300 lbfacre as mutiate of potash

Die to the shortepe of seed fubecs “Digenhcimer™ was arilised (o rme
renhicals and "Pulcones"" Tor 1he viher and cuncd rows wers p!nnh:d with “Alpha".
The mathod of plinting, Fertileeer application and igaion was exactly e zane
415 Ior whe st Lrial.

The vizlds in tons per acre aee shown io Table [IE
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Table Y. Yields In rons/acre-—ferilliner trial

By Oy The per ace Kg € lb: per acre Wean
4] &l LLL i) 154 and
40,967 (3} +. 213 (1)
W 0O 69523 2,417 B.o0d Tid6 R454 Todd T RIS
b acre o0 6T 7T.TAT BN 6477 T.11T B1E4 TAZN
) 5,339 4.968 T.5T2 6095 T3 675D e6lG
Py Oy 0 G113 &4df L0500 6203
BTL6 7364 B0 463
[bs/arre 200 71500 B.TET E22% B202
Ibs/acTe 400 +0.213 (2
Mean 6806 7532 T52T7 TXRN

There wed § very marked cesponse 1o phosphats even al Lty highest rate
of 400 1o Py On  per ssrs brd the miagpinade of his reaponse wis oA in keep-
g with resulls of numarous Fertiliser trials on ather coopa carcled ool cw the
University Fommo over & period of years. For example Chapmon (1957 found
2 pond respoosce b osbrogess on miaiza bae litde efect from pho.phate or patash.
Hoowever it is possible olher fectors wen: aperative in that particalar ieial as it
was carried out during the wel <eason as wers mosl of e genemal feclilisec trials,
W s peesible that aoly when sol conditions see oplinuby Lhe besl reaponse rom
Iertifisers ¢3n ba expected. However 2 more hikely explanaton 35 that the pocatwe,
being a very shorl ferm coop with litlle development ol mat, would e expected
¢ pespond markedly to fertiliser  application. A longer temm crop with &
stromger oot development wonld be berter able to oblain ity requirements from
a limited soil nutrent supply. The mesponse to pitrogen was eumprising and it is
suggested that the dosage was supraoptimal.

TXPERIMBNTAL {19647

Lt wiz dectded o the following year bath 1o investigale the sffect of lower
cates of nitragen on the vield of potatoes and too atenpl o grow one acoe of
perlatocs commeccially.

In the mitrogen trial, theee rates 4, 75 or 150 Ib/sere were vsed with caldum
ammnnilm nilcete As the N Source.  An overal] dressing was apphied to all plots
of 510 Ib/ocre Fg O 85 surer-phoaphais and 180 [byacre of Ky 0 a3 murisis
vf piash, Mew seead tubers “Patooes™ wers [mponed snd planted at a spacing ol
225 x It The plol gza way €07 aq. ft and the thres Lreatensnts were arranged
in & candomised block detign wdth five replicates.  Ieigation procedure follosed
ihat of the previoes yoer.

Twao zamples ¢ach of Sve plants, wers reneyed from cach phar ar ncervals
of fouwrteen days for the determinatlon of leaf wress and net eagsimilion cates.
The availabvility of 8 kol arey photometer enables B to e expresced in berms
of leal area (EA},  As in the previous year, ‘e samples were divsded into l&sE,
glerr, rool and duber and sub samples were taken for the determination of dry

maner. A sub sample of the leaves from cach main Sameple wes taken for the
dercrminetion of leaf Apes,
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The yicld of tubers eapressed in toni/acre are given in Table 4.

Table 4. Yields fonrfarre

Treatment
™ lbsacre Yield toos)facre
Control T.954
15 10132
151 11.742
Mean 4. 9RD
SE + 1.411

Crefficicnt of variation % 14.1

The vield of twbers and l=af area indices (L) at @ach of the sampling
iimes sre peven — Table 5 ang B for theee 14 deya peocds poe preseoied
a1 Tabie 6.

Table V¥ Yields of inbers in tontfacre and leaf area indicer af each zamplicg

Sampiing Juat=
140 £4 252 Ed 1k3.53 247184 7 4.54
TreRneTL Yipld ILAI Weid LAL  Yielg LA Yumd 141 Yield Lal
L nmtrol — 074 O0RE 2795 94675 TEIT Aa4R 1Ak gZE 012
Thyeore. W —  AE3L 05T 37 AR 43B4A B3 2 4F 10094 1LIiD
140 Lbtacke, B — BTAEF QTTH S0 a kel 5084 B3 2613 13.4TH 1.411
Teau —  OTSE 0.91% 3372 ARBD 4 1B5 8784 22T 10873 10T

Toble FF N2 geeimilaiion rater for the periad shown ar affected by srearmenty,
gSmE per week

FPeriod
Treaument 13, 2w 25.2.64 5.2 10,3 84 HE 3w 24,30
Conical .49 0_40 (1_5%
75 b/ecre, N 053 [.35 w17
150 b/ e, M - ) 0.36 f,12
bican 0. a4 Lo37 0.23
SE+ 0. O 008 a.11

It can be seen that nitcogen paws 2 positive resnll and increased yiclds
thus conlirming 1hat the rales wsed in the proviouws yoar were excessive.

& comparison between yieMds of tobors obteincd from the sampling or
7.4 84 [Table 5% and Gnal wiclds (Table 4] revealy a dwerepsingy,  However
thig iz explicable in tha itri gaticn wat catrsd on oo long end comsiderable rmotting
of tubers occpreed before the final hervest.  Jackson [19631 poimed ot the
damaging offrsts of exccasave soif mwisture to poraloes pacticulardy st high ol
wemperelnees  The effacd was exacerbatsd o this irdal beoawsa even ar horvest
the <k of the potetors hed not “sat™ and even limiced Slorage after harvesting
was B preblem.



CHaF kAN,  1EI3H POTATD EXFLRIMENT IN TRINLDAD i —-— 1M

Tha data in Tatde § indicete thar elibemigh nit mrresord lnaf ama
mdices congiderakdy, it was pob ontl well afwer L had reached 8 mgximum
thar substantial diffsrences in tuber weights wers found betweco Vreatments, Thu:
it eppears that (e increase in peak L dus o nitrogen did ool isprove de
cficiency of the plants bul mecely produced eXcective fobame. The main beneheial
mesult of mitrogen spplication was in maiolaining kal area prior w© harsesl, Tndegd
M e time uf harvest the foliage on the cootn plods woes doud bt chet of 1he
plants treeted with nitrogen wes gpreen,  The haulms oo trested plots wers sprayed
wilh Gramoxone prior o hareest  This was 2 misieke anpd the potalses om e
plots shoubd have been allowed o naore naturelly. 1 owan e sesn aldo rom
Tablz & that EA on control plods was maintained throwphor the pedod woder
test bud chat it fell considerably oo nitrogen trearsd plois a5 the coop grew.

PrICUSHION

Regjonable vields of potatnfs can e abiidned under the conditions
expericneed in Toinidad duriog the dry seasen provided irripation s ermployed.
Ta obtain good yields a suitable cultiver must be growen, ar a specife plan spacing
prd wsing 8 fertiliser dressing of an approdimanely 5206 composon. 11 is
prssitle thet & basil feniiliser dressing of phosphase and potash maghn De moes
benchral, followed by a side decssing of ojuogen al the Lne of pak 1. The
side dressing would be difficull to apply 0 practice however and 8 better allerma-
tve might D¢ to pive a :maell dressing at planting followed by foliar applications
af area afler pezk L. In this way the edcessive produdtlan of [ohage righi
%e avoided and the mainletance of feal ares after peak L muight Be achicved.

The valuez Jor EA and EW are in themselves largely icmelevant.  The rather
t=dious procadure of dererminstion was used to explaio some of the facior uoder-
Tying the fnal yiclds, Lo this case the values did help <=plan some of the Tesulis
and were compareble by thoze quoted by Thorme (1900

Largs scale irial 1954

Fullowimg 1he Bmmising resulis abtained by Goodmg ond the indicaions
found from work in 1963 it was decided o grow polatoe: in 8 Jarger area and
voder somnkcreisl conduions.  The Goal Lesl had to be 8 large ecale one.

An arcg of approximately one oore was cullivated and ridged by cractor,
MK 1k, of calcium ammsopiem matrate, PI0N s, of super-phosphate and 300 Ibs.
of mucate of polach pec acee were ippbied in the Farrows.. A culdvatica pine
was drawn along cech fumow o poix e feeliliser g the 3ol and prevent pussible
scorching of shoote after the tubers hed sprouted, The fumows weee 2.25 £t
ppart. Secd tubers cv. "Patrones™ were planted approximsetey 1 ft. apant o the
furrows, Hand labour was used 10 cover the wbens because effickent mechaoicsl
means were pol available,

Twi [terrow cultivaticns &nd a fingl moulding were carmied out before the
heulm growth coversd the rows complately.  Trrigalion, atugunting W ons acre
inch per week, wis applied st T day intervals,

Some diseass occurred bul it was not getions.  The diseuse was identifiad
85 Alarnaria soland and penodic spraving of “Perenox™ wers cerned oo How-
EvéT pesls were A werious problem the main one being a species al Prodenia. It
was difficult th obtain & good spray eoverage and control was oever reatly cfective,
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Yields were Yow and a todal of 4.8 tonsfacre cnly was achiewed.  This
Tew yighd was partly e eesall of logses doee Lo rniag <l wbers o the grood
before harvest. It waes not possible to estimate the vmownt last by Tething.
Chaprean and Squire § 1934} analy<ed ihe cost of produciion and showed phat
this poricular crop realised 3 Juss of $WE 532 .00 per acre, This wis 1he reauls
of several factors, such os high costs of labour due to low prodoctivity and in-
EXpEricnce, grcessive irrigation eoats ete. but even i dhese weee eoevected @ lods
of SWL 161 EQ wuuld have been nealised.

To be profitable, yiclds would have to be raised to 7 or 8 tonsfacee bul
this wall be dllieslt voder cormmearmal comditions i Trirdad,

COBNC LRI

Goxad wields af potacnes zan he obiaimed in small plod éxperimenta io Trinidad
but an 8 larger and more commercial scale, yields wers Yower aecd o Tors: wis

wnade.  Tr s pogsible thal on 8 more amenable soil with better irtgation contrel,
econnnic yieids might b2 obtained

SUMMARY

A seces oF smill plol 1mwls with Solorum fuberotum was carmied out in
M iy scason of 1963 and 1964 v Tiinjded.  These culminated in em attem
W pmow a Jargs area wider commersizl conditions o LG4

Az B result Of these trigl®  wis possble o confirm Gooding's (1961,
1964} Bndings coneeming the possibility of producing good yiclds experimenially
with scune variclics woder Trinidad copditiond. [t wos also possitle o gain some
information converning an oplimumn Fectiliser regime and (this wes i the region
of 2000 Ibsacre of @ 6.20_6 mixture.

Howseveay the large jeale enal faled 1o give econcmic yiclds,
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APPENDIX 1
Week 1053 1954

Max. din. bMax. Tiin.
t b5, 5 6y B El.Q &T.3
2 BE.d LV B1.3 &4, 7
k] a7.4 LA 2.0 G4 .4
4 #7.3 G5 4 B1.0 5.0
5 E8.1 £1.1 £6.1 fa5 .
il BT.T 68 .4 5,4 L& .0
7 g27.1 &R .0 5.7 S
B 16.4 L k6.3 71 4
q 2E .6 871 5.4 fii.d
10 ¥7.7 0.4 ko3 BT.T
¥ #35.8 673 i aE_3
17 g7 65,3 BY.T 7.4
13 B 7 N7 .4 EH_ 4 GE. Y
14 6.0 &7 8%.1 6%, 6
15 &6.3 67.7 g4.4 TG4

Week 1 Week bepinnhag 26.1.0J and 4.1 .64,
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CASLAY A TN THE MALACASY REPUBLIC
Rewarf and Segairs
- by —

M. Arcaudean

Cazsave was fiest inteodoeced o dhe Westerae part of the Jodean Owepn by
the Frenchrman Male de |3 Bourdonasais whe bopofsd f m 173% 10 Maurities
und Feunion  IL i: nofed thar severel dealhs occurrsd duc to the hiph HCM
content of the first inradoctions.  Intmodoction 10 Medaposcar cocurred by L7
wnd 1he crep gradually spread thuoughoot the island.  The prescnt area  under
culiwatiosn 5% abaoun KO hectares yiclding & todal of S04 DWD tons, 6. oan

avierage yield of abeagl 3 tons gz Ieectare
1. FProdechrwr e hods

There 2ce 1w methads of Prﬂduﬂ.iﬂln:—

{u)] Exiemyve promduclion practsed by the smoall fammoers throughour the
island.

{by Itfensive prodluction, whch is wsually practiced by large companics
omning vasl acreages of land wnder cassave srownd a fecrory
producing cessava fAour and tapioca.

{v) Extensies Proctoctiom

Ciesavis Tecwrs infregueatly @ hiph efevation where Lhe temperam e s b
but i prown universally at low elevatinns, purtieolasly cloe e the willages. In
(s sysdem it occupics small arcas and is fregquently incererapped with maize,
bacame wned sather erops. Omder these conditiens the cofiore af cieava s mooe o
lese 1:{';"|.'i;l;|:|,:| The SO SCEVES BE A “proeand reserve wf focd™ which peasanls
harvest as and whee pequired.  Such ¢onditkon do mat enaBle objective estimates
of wmeld ond aree under cultvanons e b made  This must be baume in mind
wilicn considering the dula prssented aduowvie,  While yiclds are dow, cerain plenis
muy produce very large rodls,

In chis method of collivition, there are po siandard praclices as regud
plenting density, method of planting, date of planting amd hiervesting and even
legs a5 regords fertilizer applicotion ewd crop rotation. EIl: ropTeschre newerihichess.
three cquartters of the arca undor cassava i the Malagpasy Repoklic,

21} Dutcstsive Production

Fuarmers grosiang caceavd alone ap nod Ccombscn o Madagascar bue several
of 1them, especially mear L dlw proceseing plants, grow casviya as their main cEn

(a) Crop rofolion and gredn mdnyring

The priaclice veries bur the most comman methad i the growing of a
green manure ceop before plamieg tle catsava (groen acasures are sither



ARFAUDEAL .  LCASSAYA EM BLALAGASY T — 1%L

maize of a legume Like Crotglana, Tepheosia o Vigoay., Other crops in Lhe
rotaten mey alse include gooumdnots end paddy rice.

[|:|-‘I| fand Prcpun]'n'ﬂr:

The green manwrs is tumed in with 2030 wrassha of farmyard manure,
the Beld 3a plowghed w a depib of 20-23 em icllowed by disk herrowing,
siwmetines Followsed by baoking in the hormisd arcas.  Organic :nu.nurin% in
ofen camplementsd by ferilizer applsations of 300k he of rock phospha
aod of 300 kg‘ha of muniae of potash; oitrogen is not added since it i
coolgined in the creen manurs and it is advisable to avosd an eXcess of
pilrogen o this chop.

(] Mlenridg

Cuttings ¥ om long with E«15 nodes ace planted cith4r horizontal or
gtightly inclined. The plaotine distance is 30 x B &m, {15,600 plants per
hectare} and in poor toils gnd 1 a 1 m (170N plants per heclere}.  The
planting scason 6 zither March, 2., &t the cnd of the rainy scason ar in
Angust-September which is more rl'sk'y' due to deought conditions.

(1 Waintrnanes -I':'peru.lnir:l.'rj‘

These ¢ansist in supplying vne mooth afler planting and wecding when
the ¢uilings s1afL speouriog.

[e] Hoervelting

This is done mechenicully Yy means &f heavy tractors on a lecre scele
or by hand on smaller farms. In the Taitzr oethod harvesting = moree
whorough 65 Iswer roots remamn in the 50, Yields reach 25-300 bonsdha aoad
may Pu as high a5 50 tons/ha wnder the best conditions. Tk crop cyele
varees Erom 10 momls on the cozse 10 24 months on the high plateaur,

. Fosres due i gesis and crier feciors

Losses atet cavsed by hail, ascpeic rotring and ront gnibeation.  These vary
considerably in impartance accunling 1 g mgions and o the years.

The main pests conzizt of 2 larpe croups of diseases: rord cauwssd by Tongi
(irlpeorporivm manifois, Fhoagoiy magiheis, Clitoeybe faleescens, A rmiltaciela
sp and fhpleddir 5p7 or by bacteria; and mocaic virus which b trapsmatted by
Heixicig manfhin,

The sulectwn ol sastave cablivars an the Milagacy Republic & based nin
resistence ko these e grougs of disease,

1IT.  Researoh mid Fesults

T “lusticut e Recherehes Agronmmigues a Madapascar™ (IRAM) has
for cewvaral yEaTs underlakan resenrch with 1he nbj-cl:‘tp.-'c |.1'|1_]:|p:|-1.'|,n the ca5savi
culivation, Stwdigs hive Twen initeeled on boh cultural wchnigues am:l Improngs
nwent of varistices.
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1. Cultural Techniques

Fromm whal has been said abowe, it may be considered thal soutid echregue:
of cultivation ace now Gom'y establiched, especially olter severd years of field
sludizs, in particelar oo nuticnt necds according 12 509l type.

Tt &= a known fact thal, besed on a yield of 40 was of oots wnd 30 tons af
S[EMMS, ONE hootare Tenwves approximately 263 kg N, 132 kg By, (:Iﬁ . 460 kg

Ko and 225 kg Cafh. From these figoees 2 rahenal fertilizer guide may be

arrived at, hearng in mind the fact thiu nuteicots ase mede ap of an crganic parl
{ereen manure aml pen manore and an inurgines pael maneral fEoalize p.

Chermical weed condtol is abour the only cultural techmque Still onder study
i Madagasear aod il 15 toc early o diaw conelosions.

2.  Plam Brecding

Improvement of vaceties & being, atcopled al (e “'Station Agronomiguee de
F.ar Alaotra™ where a collectiab of 334 etaoes is maintained. Pan of these (170
are hyhrads heed at dhe Station ilsell (hoth inbérgeneric crsey and inlsspecitic
cTosses wilh M. grculears, M. glezovii and M, pringleiy. This collection ia thus
i ampsartand stock of vegetative matenial (o further crogacs.

lay Objrcriver

There are 3 maen objectives: high wiclds, recistance to mpsaie vinuses and
pesistance to root cots, with secomdany objectives of:  plam babiy for wailom
branching, quick ground cover with & sty Taem, high datch cnmanl and gealey
of the starch, thin rood bark, white phelloderm, good shape and distribution  of
yoots and drought rosivance foe growing in the dry southemn arces.

(b EBrerdhng o Rew clones

This 35 carmicd out by several hybridisalpn echmigques —

(i} by single crogsing, i.c., oroasing of 2 clones. Since clones are Iwrerozygons,
it s impossible v predice the reswlis bow the probabilivy of obtinning
netrer results Erom U wrossing of twe swpersor clomes is mede osc of.
Thus it is likely that <rossing one lonc cesistent to masaic with one
resistand 1o ootz will produce 8 bybrid resictent o both discawes. e
fact we have obsorved expenimentally dhat cenan clones ate alaays
hetter parents than oihees ik 2l crossings althowgh these same clones
are won necessarily the best in gomparatwg 10als;

(i1 by crassing & male sievile clone with promising male fertile clomes;

[ili} by polyclonat crosses;

[iv: by rendom harvesting of seeds feom e plam collection.

The resulis vbijined heve shawn 1hat the chamnss ol nl'.!l!:nining a RUpCTiCr

hylaeid are cqual in he Brst 3 methods (out of 5,00M) serds oblained, at the mos
only ane <aperior hybnd is fnelly selected ).



ARFAUDEAL: TARGAWA JHN MALAGASY i[I — 133

{3 Seleciian af clones

Semds are cown in A sandy sl o obtaln gosk] germinkation snd  each
individual is sxamined from the second year Tor the above-meotioned charecleris-
vce.  In this firel slape about 80% of the chonez are mﬂ}m.t:d. Six cuttings from
each selected plant are replanted and again exarined after I years of growdh, In
this sccond stage aboul 80% of the <ones wee climinated;, the Mmaming planis
are then wsed in 3 selection cycles on plots that gradually increass in size, up to
1-11% sfler six ysars. This cesulls in 2 selection of 2 or 3 clones for every
thoysand clones a0 the atart.  A) the end of these 10-yzar selections, the aslecisgd
clones ar¢ compared with leeal cultivars w yicld ials. A the “Lac Alara™
Agronomis Satien, A toial of ST, secdlings have been sebeciod Over a perod
of 25 wears, e, an average of 2,500 clomes per yenr from 4,000-6,000 seeds
obainked from bresding.

(d]l  Reswler

IRAM has by wow made available several very promusing clones 10 casava
farmers, Cerain clomes are parigulatdy suitable for apecific omdilions but others
cen be grown sender a wide range of conditions.  The st of clones available with
thear miain charmeowerisiics is given balow.

Hypbrd 34 very bilter, macdic fefistant, susceptibdle 1o rot, high starch content:
edapied 1o high elevition and welf-deained soils.

fybeid 35 . quite sweat, moderelely resistont to maasaec, QuUine tesistant W mor;
spptable for ferile ioilz and wet areas.

Hubrid 41 :  guie sweest, guile resislant to masaic, lile resistaoce v rof; for
well-drained end fertik soi's

Hybrig 43 sweer, mosale resistand, little resistance eoo rot; rapid geowth, hgh
vielding in dry artas.

Hybrigd 45-:  very sweel, guile resisiant 1@ masaic and ot lor Eertle and well.
47 pad 53 drained alluvial eoile.  The sweetest clonea in bhe collection,

Hybrid 49 : bitter,  quite rémstand W mosaic and o, good  spropding
characteristics, soted 10 dry hillsidies and plateaox bt saseepdible
tcr low temiperatures.

Hybrld 53 @ sweet, quite resistant 1o masaic ond rmd; for fenile aress and faidy
dry areas and hillsides.

fybrigd 54 © guite sweet, mosaic resistent bt less sa 1o mt, high yielding or
alluvinl soils and excellent msponee to feniilizer.

AHyBrict 55 hitter, cesistanl i mosaic and highly resiclunt o not; Suiteble for
low clevations and high moisture.

Huybrid 36 quile Sweer, h-gh!]}' FEsi1mt W mosaic and oot excellent yictde and
responds very well o Tertilizer; guod wniform grvedh habit,
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Hybrid 57 0 quite swest, highly mesistagn 0 anodak apd pot;, high vields amd
responéla very well to fendlizer, for Jow elevations and Bumisd

conditions.

In ompananve vield rrals, yickds obaioed have been as folkows —

Diry andd low |ying afcas

Humid end low |ying wreas

Areas of medivm altitude

Avrcas of kiph altituds

Conelusiarns

Local vareties — T-8 wosfhe
hylacids - 1235 tooshe (H. 42,
55 H, 54

lTaneal sireins — 9-25 1ons/he.
Hybrids — 2B-66 1onssha. (H. 45,
H. 53, H. 54, H. 56 and H. *7).

(3RS0 mwerres ), Laowcal steajs — 4310
rone ha.  Hybrids 2084 rens/ha,
fH. 35 H. 49 H. 54, H. 571.

{O0K1-1 300 metresd, Losal sirains
4-12 tons/ he. Hybdds — 12-25 tone,
he. (M. 54, H. 36 zod H. 57).

Esulty nbaained in dee Malagasy Republic widy Lpleids veed copyenersaally
poins 1he wayw toog murked mprovement i producton of the cop,. Althongh it
may ko diffico’t on a larper scale to duplicate the high wiekds obteined in irials, it
g5 coeraun thal, wale 1he high Tevel of manegerment described, average yields of
3 wopyShae age possible ang have in fagt been obaimed.  The hybods available
aciuly cumslitute only ome siape af the contintling breeding propriomme whose
csaontial aim is the development of cultivers completely resistant tn moaic fod
e, with hagl wiclds and for cither diceer consumpdion {Eesh or drisdr o7
pruceising, 1.2, with a high stateh conteat,
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