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SUMMARY 

A cassava cropping systems trial was conducted in 
Caicedonia, Colombia, on a degraded Andosol with a history 
of five previous cassava crops. Starting 1980, cassava cv. 
Chiroza was grown either in monoculture or in rotation with 
CY'ota~aY'ia juncea (as green manure), maize, dry, beans and grain 
sorghum. Cropping systems such as OM and CEC were improved 
by rotation. Most notably, legumes increased P availability 
but chemical fertilizer had little detectable influence. 
Cassava root yields, after declining to 15 t/ha during the 
five consecutive farmer-grown crops, were raised in the first 
experimental monoculture crop through improved agronomic prac­
tices to about 25 t/ha but declined to about 10 t/ha in the 
fourth experimental monoculture crop. By contrast, in the 
rotational system, yields were increased to over 35 and 25 
t/ha in the second and fourth cycle, respectively. Besides 
root yield, root and shape were seriously affected under 
continued cassava cultivation. Results show that chemical 
fertilizer alone may not be sufficient to maintain high 
cassava root yield and quality and that rotation with green 
manure plants, cereals and legumes may be required to activate 
soil life and reduce phytosanitary problems. 

RESUME 

Un eMcU de <>Lj<>te.me<> de cuttUJte du man.i.oc a eU condu..i.t 
a CcUcedon.i.a, Coiomb.i.e, <>UJt un andoMi dewwde aLjant deja <>uppoJtU 
ci.nq cuttUJte<> de man.i.oc. A pMt.i.Jt de 1980, ie manwc c.v. Ch.i.Jtoza 
a ete condu..i.t <>o.i.t en monocuitUJte, <>o.i.t en Jtotat.i.on avec CY'ota~aY'ia juncea 
(comme eng)LcU<> veJtt) , ma.i:<> , h M.i. cot a gJtcUn<> et MJtgho a gJtcUn<>. Le<> 
<>Lj<>te.me<> de cuttUJte ont eU <>ubd.i.v.i.<>e<> en tJtcUtement<> fyeJtt.i.i.i.<>e<> ou non. 
Le<> pMame.tJte<> du Me "mat.i.e.Jte oJtgan.i.que" et "CEC" ont eU ameUoJte<> 
pM ia Jtotat.i.on. 
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L' e66et f.e pf.u~ notabf.e eM f.' augmentat.ion de f.a di~pon.ibiu­
te du P pM te~ eegumineu~e~, af.olLO que cef.ui de f.a 6eJttiuMtion m-ine­
Jtaf.e eM a peine detectabf.e. De~cendu~ a 15 t/ ha au f.ong de~ c{nq 
cuUuJte~ cOMecutive~ en miueu patd~an, f.e~ Jtendement~ en tubeJtcute~ 
de manioc ~ont Jtemonte~ en monocuUuJte expeJt-i.mentaf.e a 25 t/ha en 
pJtem-ieJt cLjcf.e (avec f.e~ it-ineJtCU:Jte~ technique~ ut-iu~e~) pouJt Jtedeocen­
dJte a 19 t/ ha au quatJt-i.eme. Au contJtCU:Jte f.e~ Jtotat-ioM ont peJtmi~ 
d' obteniJt 35 t/ ha en deuxieme cLjcte de manioc, et encoJte 25 t/ ha 
au quatJt-i.e me . Au def.a de~ Jtendement~, ta tCU:Ue et f.a 60Jtme de~ tubeJt­
cuf.e~ ont ete ~eJt-i.eu~ement a66ecte~ en monocuUuJte continue. Le~ Jte~uf.­
tat~ mOl1tJtent que ta 6eJttiuMtion mineJtaf.e ne ~u66{t pa~ a mCU:nteniJt 
un Jtendement et une quaute ef.eve~ de~ tubeJtcuf.e~ de manioc, et que 
f.a Jtotat-ion avec de~ engJtCU:~ veJtt~, de~ ceJteate~, au de~ f.egum-ineu~e~ 
eM impeJtative pouJt act-iveJt f.a vie miCltobienne du Mf. et JteduiJte f.e~ 
pJto bee. me~ ph LjtooanitCU:Jte~. 

INTRODUCTION 

There are numerous examples of successful monocul­
ture systems in temperate zones where powerful inputs in 
combination with mechanization can control the agricultural 
environment, which by nature is stable and well buffered 
(v. BOGUSLAWSKI et al 1976, DEBRUCK 1972, POMMER et al 1979). 
However, in the less stable ecosystems of the tropics, the 
switch from a traditional to an input-dependent production 
system with its impoverishment in crop diversity has often 
lead to soil degradation and accumulation of phytosanitary 
problems posing serious hazards to yield stability (LOMBIN 
1981, McINTOSH and SURYATNA EFFENDI 1979, NICKEL 1973). If 
the question of how to hydroxide (Kocide 101) at a rate of 
770 g a.i./ha. No insecticides and fungicides were applied 
to the sorghum. All crops were handharvested and maize and 
beans were handthreshed whereas sorghum was combine-threshed. 

Soil samples were taken every time a new crop was 
planted and analyzed at CIAT. Methods of analysis were 
the Walkley-Black method for organic matter : the glass elec­
trode potentiometer method with a 1:1 soil:water mixture 
for soil pH; the Bray II method for P and K ; and KC1 extrac­
tion for the cations AI, Ca, Mg, and Na. Zink and Cu were 
determined by the HC1-H2S04 extractant of North Carolina 
and B by hot water extraction. Soil and root samples for 
mycorrhizal analysis were also taken at the age of 1, 5 and 
11 months of cassava in 1983-84. 

Results 

1. Cassava yields over a nine-year period 

Cassava fresh root yield was only recorded with 
experimental precision during the four crop cycles starting 
in 1980. However, due to the farmer's record keeping on the 
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number of truck loads of cassava obtained from his field 
during the five previous crop cycles and the known surface 
area of the field which was constant over the whole period, 
we were able to estimate the yields of these crops with a 
certain degree of accuracy and thus show the yield trend over 
a nine year period (Fig. 1). Total fresh root yields started 
at the high level typical for the potential of the variety 
and the beneficial climatic and soil conditions of the re­
gion, but nine years of continuous cultivation without ferti­
lization were enough to depress yield to about one third 
of what it had been when the first cassava crop was produced 
on this plot. 

2. The effect of rotation and fertilization on cassava yields 

Whilst the farmers cassava yields had dropped to 
about 65% of the initial level during five consecutive years 
of cultivation and this trend continued in the experimental 
monoculture crops to reach 31 per cent of the original yield 
in the ninth harvest (MO treatment), only one single rotatio­
nal cycle with green manure in the first semester and a maize 
crop in the second semester was sufficient to bring cassava 
yields back to the original level (RO treatment). In the 
fourth experimental cycle (1984), the large superiority of 
the R treatments over the M treatments was maintained al­
though the yield level was generally lower than in the second 
cycle (Fig. 2). There was no significant yield difference 
between the unfertilized and the fertilized cassava but pro­
ductivity of the fertilized crop was alwc.ys slightly lower 
than that of the unfertilized crop. 

3. Effect of cropping patterns on soil parameters 

Over time, the K, Zn and B levels were increased 
in the fertilized treatments whereas the other parameters 
remained unaffected by fertilization. 
On the other hand, Fig 3 shows that there was a gradual built 
up of organic matter in the rotation plots which did not 
occur in monoculture. Under continuous cassava cultivation 
without fertilization, organic matter stayed at about 3.0 
per cent throughout the sampling period whereas in the cor­
responding treatment under rotation this parameter was in­
creased over time to reach almost 4.5 per cent. The applica­
tion of fertilizer did increase organic matter in the mono­
culture whilst it did not in the rotation. 

Mainly as a function of organic matter, the catio­
nic exchange capacity (GEG) was also influenced by cropping 
pattern and fertilization. In the rotation without fertiliza­
tion, the GEG reached and maintained the highest level of 
close to 14 meq/100g. The rotation with fertilization showed 

a somewhat lower level with declining tendency whereas GEG 
in the monoculture treatments increased slightly over time 
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Fig. 1: Total fresh root yields of cassava cv, "Chlroza" grown in Caicedonia, 
Colombia over a nine year period 
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Fig. 3: Trends in soil organic matter; cationic exchange capacity 
and phosphorus in a monoculture and rotation cropping 
system with and without fertilization. Caicedonia, 
Colombia, 1984. 



468 

from 12 to about 12.5 meq/100g with little difference between 
the fertilized and unfertilized treatments. 

The most marked changes were recorded with regard 
to P in this trial. In the rotational pattern the P level 
was always clearly superior to that obtained under monocultu­
reo P levels in the fertilized rotation were permanently 
above those of the unfertilized rotation. Whenever a legume 
was grown in the rotational cycle (Grotalaria in 1980 and 
field beans in 1982), this boosted P availability substan­
tially, something not observed in the monoculture system 
(Figure 3). 

4. Additional effects of cropping patterns 

a) Root quality 

When the second cassava cycle was harvested, cassa­
va grown in rotation showed a small advantage over that grown 
in monoculture in terms of root size and shape, with 93 per 
cent of roots being classified as "commercial" in rotation 
compared to 90 per cent in monoculture (weight basis, average 
of fertilized and unfertilized treatments). This difference 
was more accentuated in the fourth crop with 82 per cent 
of roots being classified as commercial in rotation against 
only 66 per cent in monoculture. In addition, roots from 
the fourth cycle showed a noticeable difference in starch 
concentration, reaching 35 per cent in rotation as opposed 
to 31 per cent in monoculture. On the other hand, there was 
never a severe root rot problem with a maximum rot percentage 
of 2.9 in the second and 1.2 in the fourth cycle. 

b) Insect dammage and weeds 

There were several light and one heavy attack of 
the cassava hornworm during the four experimental crop cy­
cles, the latter ocurring when the fourth cycle was about 
half completed (age of cassava six months). On that occasion, 
the hornworm selectively caused in almost 100 per cent defo­
liation in the monoculture plots whereas plants in the rota­
tion plots were not seriously damaged with an estimated 
10-20 per cent defoliation by the time the insecticide appli­
cation was made. 

There was also a more serious weed problem in the 
cassava monoculture plots as compared to the rotation plots. 
This was particularly noticeable towards the end of the cas­
sava growth cycles when solid weed covers had formed under 
monoculture cassava whereas little weeds were found under 
the intense shade of cassava grown in rotation. In the mono­
culture plots, the weed population shifted from a mixed broad 
leaf-grass composition to a population consisting mainly 
of grasses, and from annual to perennial species, the predo-
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minant weed being Bermuda grass (Cynodon dactylon). 

c) Mycorrhizae 

There seemed to be a positive influence of crop 
rotation on mycorrhizal sporulation as spore counts during 
the fourth crop cycle would indicate. There were 20,31 and 
36 per cent more spores in soil samples taken at I, 5 and 
11 months after cassava planting from the rotation plots 
than from the monoculture plots. On the other hand, samples 
from fertilized treatments had lower spore counts than those 
from unfertilized plots during the greater part of the growth 
cycle (SIEVERDING, personal communication). 

5. Economic appraisal 

The complete set of data to analyze these two types 
of systems were not available, since the rotational trial 
was carried out for only one four-year cycle and no data 
existed on the average length and effectiveness of the pastu­
re fallow. The economic analysis will thus shift focus some­
what and evaluate the economic costs or incentives for utili­
zing rotational systems to recuperate the productivity of 
a degrading cassava monocropping system. In this respect 
the different systems can be compared over the four year 
period of the trial. To make the systems comparable princi­
pally on the basis of yield differences no price changes 
are introduced. Both output and input prices are held cons-
tant at their 1981 levels, when the farmer would make deci­
sion on which system to choose. Prices, production costs, 
and net income for the four different systems are presented 
in Table 1. 

The income streams between the rotation and mono­
culture systems are very different, with the advantage of 
the rotation being realized by the significantly higher cas­
sava yields every other year. To make these different income 
streams comparable, the annual net incomes are discounted 
through time under the assumption that the farmer has a four­
year planning horizon. The net present value of the income 
stream in 1981 is then calculated (Table 1). Two discount 
rates are utilized. The 7 per cent rate is the real rate 
of interest that farmers in the region must pay for capital 
from credit institutions. The 11 per cent rate reflects 
the real cost of capital without subsidies. 



Table 1 CUMULATIVE ECONOMIC APPRAISAL AND NET PRESENT VALUE OF FOUR YEAR INCOME 

STREAMS FOR DIFFERENT CROPPING SYSTEMS 

YEAR COMMODITY YIELD KG/HA NET INCOME NET PRESENT VALUE FOR DISCOUNTRATE 
TOTAL COMMERCIAL US$/HA AT 7% AT 11% 

CASSAVA MONOCULTURE, NO FERTILISATION 

1980-81 27 500 25 900 2 675 
1981-82 

Cassava 20 900 19 340 1 691 4 073 3 811 
1982-83 25 950 23 190 2 268 
1983-84 11 580 7 490 - 87 

ROTATION, FERTILISATION MAIZE ONLY 

1980 Crotalaria - 100 
1980-81 Maize 2 865 2 865 148 
1981-82 Cassava 

01>-
37 800 35 315 4 087 4 692 4 265 -.J a 

1982 Maize 3 670 3 670 389 
1982 Beans 1 395 1 395 149 
1982-1983 Sorghum 3 591 3 591 240 
1983-84 Cassava 24 270 20 120 808 

Cassava MONOCULTURE, COMPLETE FERTI L I SATION 

1980-81 22 910 20 950 813 
1981-82 Cassava 20 100 17 750 334 5 762 5 383 
1982-83 23 300 20 590 759 
1983-84 9 790 6 670 - 330 

ROTATION, COMPLETE FERTILISATION 

1980 Crotalaria - 100 
1980-81 Maize 2 673 2 673 29 
1981-82 Cassava 35 100 32 800 3 590 5 629 5 120 

lUt83 
Maize 3 n~ r ~F 2~2 Beans 1 
Sorghum 3 402 3 40~ r5~ 

1983-84 Cassava 22 480 18 270 411 
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interpretation 
have to aim at 

of the above 
answering the 

results will 
following two 

(1) What caused the yield decline in the cassava monoculture 
treatments and (2) what prevented this decline in the rota­
tion ? A likely answer to (1) would be that after nine years 
of continuous cassava cultivation without fertilization, 
soil nutrients should be depleted to a degree that the obser­
ved yield decline would be a consequence of deficient plant 
nutrition. McINTOSH and SURYATNA EFFENDI (1979) have given 
examples for general nutrient exhaustion after continuous 
cassava growing in Indonesia and CHAN (1980) associated 
yield decline after continuous cassava cultivation in Malay­
sia with K exhaustion of the soil since this element was 
removed with the roots in the largest quantities. However, 
had this been the case, in the present trials, the complete 
fertilization provided to cassava in the fertilized monocul­
ture treatment should have corrected the deficiences resul­
ting in a positive yield response to fertilization which 
was actually not observed. 

The originally very fertile soil and the fact 
that even after nine cassava crops without fertilization, 
important soil parameters shown in Table 1 and Figure 3 
were not below the critical level for cassava may be a possi­
ble explanation for the lack of fertilizer response. However, 
if soil nutrients per se were not deficient, plants may 
not have been able to make use of them due to an overall 
reduced biological activity of the soil. First indications 
for a less active soil life under monoculture cassava are 
derived from the fact that organic matter in the soil remai­
ned stagnant, with declining tendency, in the continuous 
cassava system whereas it increased by an average of 1.5% 
after four years of rotation cropping. More organic matter 
may also have meant a greater cationic exchange capacity 
which was actually found under rotation. Legumes in the 
rotation formed an effective symbioses with soil microorga­
nismes judging both from their profuse nodulation (no quali­
tative data recorded) and from their pronounced positive 
influence on P availability which was not observed in the 
monoculture plots. Finally, direct observations of mycorrhiza 
which may reflect soil life in general, showed greater sporu­
lation in the rotation system, suggesting that the soil 
in that treatment was biologically more active than under 
continuous cassava cultivation. Thus, the multiple, more 
active components of soil life may in fact be responsable 
for preventing a cassava yield decline in the rotation, 
leading us to a partial answer to question (2). Based on 
the limited data available we are inclined to believe that 
the soil under monoculture was not chemically but biological­
ly exhausted and that rather than fertilization, practices 
such as the incorporation of green manure and the use of 
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legumes and graminaceous crops following the root crop cassava 
were able to counteract this trend. 

A second answer to question (1), frequently applica­
ble to tropical production systems, is that an either gradual 
or spectacular build-up of phytosanitary problems caused 
yields to decline (LOZANO et aI, 1980, OLIVEROS et al 1974, 
PIMENTEL 1961). Whilst there-was no single spectacular-disea­
se, insect or weed problem responsable for the declining 
of cassava yields in monoculture, it is almost certain that 
several small, individually unquantified and partly interrela­
ted factors added up to a substantial effect. The somewhat 
weaker monoculture cassava appeared to have suffered more 
from hornworm attacks than the vigorous rotation crops. More 
defoliation was connected with a more serious weed problem 
in monoculture which allowed a particularly hard to control 
weed population to build up whereas the frequent tillage 
in rotation combined with a more varied chemical weed control 
kept weeds well below yield reducing levels. A second answer 
to question (2) is thus a very simple and universally known 
one greater diversity in the rotation system prevented 
individually small but in their combined action important 
phytosanitary problems from developping, the rotation system 
was better buffered against these influences than the monocul­
ture. 

Several conclusions follow from the economic re­
suIts. First, on the fertile soils in this region there is 
a net loss of income if fertilizer is applied. Second, evalua­
ted in the limited context of this four year framework, there 
is still a slight economic advantage to planting the monocul­
ture system, with the difference narrowing with lower interest 
rates. However, the income difference of 2 to 5 per cent 
is minimal, indicating that there is little economic loss 
in planting the rotation and significant longer-term benefits 
that are not captured in this analysis. Third, the relative 
price of cassava to the cereal grains (0,5 to 0,6) is very 
high in this zone and dominates the profitability of the 
system. Where cassava and grains compete in the same markets, 
a more normal range is on the order of 0,25 to 0,33. At such 
relative prices the rotational system would dominate. In 
general, a rotational system appears to be an economically 
viable method for recuperating a degrading cassava monoculture 
or fallow system. 
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