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Basic Aspects of Presently Practiced 
lntercropping Systems 

f,j' 
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·•rt·· ·'.f. 
~jli:f: , ... ~. 

" "Jtíf .. . ~"'' . ., .. '( ~ ~~ .. ~ 41> í.t"" 'l . ""; ~· .r .... ~w;· 
• • 1:1 ~ ~ 1 ~' .~ • ·};,, ~;:>1 .• ~ ... ;.. f~>-. 

¡· "U"'i ..... 'f ··41'1 .... --rt -~- . ~;;;t.~ ~ ¿, :;tr::t 
.,')> ~ •• ._~::¡.~ !{ ~ ~ 't.J;-~ 
.., • .. -- ·;§,· "' ~ i• .h~~ ' :f . • 1"-~ ~~ .. "..! iC.. ··!"$' 

Cassava (Manihot esculenta Crantz)!fs'ftht~o~rth rTt-ost irnporñii\t energy 
staple of the tropics, p roviding food ~l_ld)ncom~for sq}ne 750 mil[Ót;~,peop\e. 
This starchy root crop is o f Americ.an .origin, but toda y it is ct.iltivated in 
tropical Africa , Asia , and Ame rica where 38, 36, and 26%, respectively, of the 
world production occurs. The total estimated world fresh-root P!bduction 
reached 122 mi Ilion t in 1980. Cassava adapts toa wide range of ecological 
condítio ns and is known fo.r its toleran<;e tQ low soi l fertility, drou.ght, and 
pests. This is why the crop cominues~to hold án important posi tion in 
traditional tropical cropping systems: particularly in those of the small-farm 
and subsistence sectors. In these cropping systems, cassava is ofteñ found in 
mixed stands toge ther with a variety of other food o r cash crops. From 
persona l experience, the traditional farmer adopts intercropping as a pro
duction system in order to reduce the risk of crop fai lure, obtain production at 
different times during the year, make the best use of the avai lable land and 
labor resources, and provide the family with a balanced diet. 

Recent estimates ind ica te that 40 and 50% (or more), respectively, of the 
cassava grown in America and Africa is intercropped, whereas in Asia, this 
percentage is likely to be lower. Each continent and regían has developed its 
own characteristic crop combinations and sequences, the posit ion of cassava 
often being at the end of relay intercropping systems. The greatest complexity 
of cassava intercropping systems is p robably found in Africa·, close to 
homestead gardens of rural farming fami lies. :/. 

When sma ll farmers adopt intercropping as the production system, a 
relat ively sma ll plot is suffícient to provide the fami ly with the b~~ dietary 
elements. Cassava, sweet patato (lpomoea batatas), yams (Dioscorea~p.), taro 
(Colocasia esculenta), and plantains (Musa sp.) are sources of car~Gi.bydrates 
and pro vide the primary caloric compo~t:.._!h~interc.rops, such ~s.§ommon 
beans (Phaseo/us vulgaris), cowpels ['Vigna;'}ing~iculauz), mungb~~ ( Vigna 

radiata), groundnuts (Arachis hy4-a~~~:~~Aig~~~peas ( CajlW~1 cajan), 

· \' i;._.;; >:; 7 ' :r · ~-;.:F 1 
-. ~}~: ~~~;. ~ .~,i ~; ~ .: .~ ~ - ~~-~·: 

... . :.. : r: 
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will contrib.ute the necessary protein. f:or example, 1 ha of cassava inter
cropped•with black beans can produce 10 t/ha of fresh cassava roots (with 
30% starch) and 600 kg/ ha of beans•(wlth 28% protein). This would pro vide 
the foltowiog amounts bf food energy'a'!:ld pro tein: 

••• • • • f~ '• • . •• 

10,000 kg/ha cassava 1 :;::;JJ.44 x 106 Kcal :;::; 56,270 MJ 
f • 11; .. t~(· 

t•.; 6RO kgf.~a-peae~:~ l6¡8 kg pro tein 
~- ... . • . . . ·--·::>. . 

Assumin~ fhat the dai<ly feqUír~me<Jf.t~.$f ~n adult person is 10.5 MJ (2500 
K cal) arúf J'ÓO g of prod!in ,2 the abo.Ve Jro9u<>tion of 1 ha would supply 5376 
caloric iálí'ons and 1680 protaic ~tibns'; that is, 1680 complete rations anda 
surplus .of•Í3696 caloric rations :;::; 38,686 MJ (9.24 x 106 Kcal), without 
consideriog the protein content of cassava or the caloric va lue ofbeans. Thus, 
1 ha supplies food fo r approximately fi ve adults during 1 year, leaving a 
surplus of about 6 t of cassava for sale. 

Altho~.~ this is by no means a complete die t , and, furthermore, it is not 
likely that a nyone would be able to subsist on this diet for a pro longed period 
of time, it is necessa ry to remember that in sorne arcas of the world there are 
human beings with fewer calories and proteins to consume than this. The 
yields o n which this calculatio n is based a re those traditionally obtaÍf\ed with 
these crops in intercropping but with an improved technology a nd minimal 
inputs, they could easily be doubled (Fonseca, 198 1). 

Definitions 

Multiple cropping-the production of two or mo re crops in the same field 
during 'the same year-is an effective way of intensifying agricultu ra! pro
duction through the more efficient use of growth factors (light , water , nu
trients), space, a !K! time a vadab l~forcÚ.lti vatjon. Such use of growth factors, 
space, a,nd time is posfible in 'twéi cf(rre[ent multi'ple-cropping patterns: 

' 
l. By se4uential cropping...:...or producing two or more crops in single (or 

pure):s~ands, o ne Mter the othef, o.n the same plot during the same year. 
2. By irlfe¡:cropping~or growing t~Ó'()r ~ore crop species at the same time 

• ...:.. · f s~ 
in thc · same fiel& ·.· ? r :, ' ~ 

¡ ~ t't ·.~ J'· ' ~i:.;~;,·'·~ 
IntercropRing1 the sub~eq o~rthl,!¡-fe~~n·pe practiced in four d ifferent ways 

(Ruthen~~e-:~· 197 1; AJ:!dr~w~~~~~-~~~~ 1976): 
• • 4 ' ' .; ~ ·",¡ .... ;1 

• Mix~ lntercropptng-tlie sJirr\jftáifécws. growing of two or more crop 
speéÍ'es- in an irregular a(ltan'geml!nt, i.e. 1 without a well-defined p lanting 
pat~ri ~ 

l. 10.000 l<g of cas~a'a contain 3000 kg of starch. the caloric va luc ol wluch ~ ~ 4480 Kcal/ kg. 
2. The norm<!l daily protein requirement of an adult is prcscn tl y estimatcd to be 60 g whcn 50% 

of thc protein is of animal origin and the rest of vegetable o rigin. 1 lowcver. inthe prcsent case. 
only vegctablc protein is provided . Thereforc. a greater th~n no rmnl requiremcnt•~ asquned. 

2 

• Row intercropping-the simultaneous growing of two o r more crop 
species in a well-defined row arrangement. 

• Strip intercropping-the simulta neous growing of two or more crop 
species in strips wide enough to allow independent culti va tion but, at the 
same time, sufliciently narrow to induce crop interactions. 

• Relay intercropping-planting one or more crops within an established 
crop in a way that the final stage of the first crop coincides with the in itial 
develo pment of the other crop(s). 

Biological Aspects 

lntercropping of crop species wit h similar growth duratio ns produces an 
advantage in the utilization o f space only, whereas the association of cro ps 
with different growth durations results in a gain in total yield through better 
utiliza tion of two dimensions, space a nd time. In both types of intercropping, 
however, the sum of interspecific competition is less ·than the sum of 
intraspecific competitio n of the same crops grown separately as sol e crops. It 
is this lower sum that gives rise toa greater to tal yield of the intercropping 
system derived from either a greater yield per plant ora greater total plant 
population. 

In intercrops of species with similar growth duration, the yield advantage is 
then derived fro m a lower "instantaneous" intercrop competition for space, 
both abo ve and below ground. In intercrops of species with different growth 
durations, the yield advantage stems from low intercrop competitio n in space 
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lnterception o f light by cassava during its vegetati ve cycle and possible 
periods for intercropping. 
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and time for the rapidly growing short-duration crop and from a lower 
intracrop competition in space and time for the slow-growing, long-duration 
component (Andrews and Kassam, 1976). A sote crop of cassava, which in 
this context may be considered a long-season crop, does not efficiently use the 
factors light, water. and nutrients during its early growth stages dueto its slow 
initial development. Thus, a short-duration second crop may be interplanted 
to make more efficient use of these growth facto rs. Also , at the end of its 
growth cycle, cassava does not intercept all the incident light and probably 
also no longer absorbs the large quantities of nutrients and water that is 
needed during its most active development. Consequently, during this late 
stage of the growth cycle, cassa va lends itsélf to intercropping (Figure 1 ). 
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Number o l crops 

e Sweet potato 

O Cassava 

O Beans 

• Maizc 

Coellicient of variabi lity (C.V.} in biomass and yield ol cassava, common 
bean, sweet patato , and maize in single culture and when interc ropped in 

dillerent combinations of these species. 
Source: Adapted from Moreno and lt art , 1979. 
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Intercrops no rmally show less variabiliry in total biomass and yiefcf'than do 
sol e crops (Moreno and Hart, 1979)¡ tl\is ¡ ···Pt.ies .b. ~.·oth tq.total produt\'t'nn and 
to indi vidual yields of each compt5.?e.Rr ,i&V~<t)· .R_~sons for t f .'-~.reater 
stability, other than the compensai>r~~~ ~,.~l~f!Wn~ c~pps, may 9~. Qpnd in 
the reduced incidence of diseases,, iifse. ~~t~~~ w;e~ as a result_~ greater 
vege tative diversity and t.he be~ter .a~ Cf~~rlí~rJoi~-cover provi~.~.,· PY the 
intercrop (CIAT, 1978; Lethner, 1979, )98-pa; ~o.~en~, ~79; and ~~o and 
Hart, 1979). For subsistence farm~.rs,' grr.~te¡ st~bilit~n the pro~ption of 
food crops in intercropping systems is p;uticularly rrieaningful,~liée this 
cha racteristic of the production systems. tends to better insure their it~nance 
and substantially reduce the risk oL total .~rop lo~. ·~. ?~~;~ 

. . . ... . ~. .: : ~/::, 
, • f ' . •. • .... ~ '1: ·f""··~. 

Cassava Intercropping Systtinf5 ·Wo.Hdwide.. : ·· · 

Cassava has spread throughout the tropical world tó such an extent that 
today more cassava is grown outsid~ than within its areas of o'rigin and 
domestication. lntroduction into Africa occurred prior to 1558 by the 
Portuguese, via both the west and east coasts. Portuguese traders are also 
believed to have carried cassava to the Indian subcontinent in the early 18th 
century. At about the same time , it was introduced into Indonesia and the 
Philippines from Mexico, and, by the turn of the century, cassava was a 
well-known crop in southeast Asia (Cock, 1982.) Today, cassava is found in 
most o f the lowla nd and intermedia te ~levation areas of the tropical world, 
but within these globallimits it is grówn in a wide range of differing clima tic 
and soi l conditions. 

In Brazil, it can be found in the sem iarid northeast with as little rain as 750 
mm a year and mean maximum temperatures above 35°C, as well.ás in the 
Amazon rain forest with 2000 to 3000 mm annual rainfall. Cassaváis one of 
the few crops that grows well on the acid, infertile soils of the Cerrado,' where 
pH is as low as 4 and aluminum toxicity is high , but it is also found 9"n fertile 
soils around Sao Paulo. In the Andean zones of Bolivia, Colombia, Ecuad or, 
and Peru, it is grown up to elevations of 2000 m, with mea?i ':annual 
temperatures as low as 8°C. Cultivarsiantl cultivinion practices useg,by the 

~ ~~ .,::... . . 1 • • ~ J¡.' 

farmers vary great ly from one regio.n té1tlie'other~howé'Ver, the abil!tY. of this 
species to grow under such contrastÍttg·~rlditio'~·~oriVi!_lcingly deriW,f'!~trates 
its extremely wide adaptability. \ ".!-:: ·;~· · ,. · ·: · 1 (· 

\ •. •' " 
- ., - '(, "';·.;' . 

Latin America : ~ r5· :~~- · 
It is est imated that approximately 40% of cassava is intercroppe<h~ Latín 

America (Díaz and Pinstrup-Andersen, 1977). A very ancient croR'Ji~socia-
, ~•< 

tion is that of cassava with maize (Zea mays), already practiced by tllelMayas. 
Even today, prchistoric maize is found intercropRed wíth cassava 1~ .r~mote 
parts of Guatemala where agricultute has remained tradÚional (Moreno and 
Hart, 1979). On the Colombian north cÓast, cas'sava is intercropped with 
maize by planting cassava in rows a little wider than normal ( 120 cm apart) 
and simultaneously interplanting maize ata low density (4000 hills/ha with 
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3-5 plants/hill). The production obta ined in traditional cassava/maize 
intercrops was 600-800 kg/ha of maize and 10- 15 t/ ha offresh cassava roots, 
with very Iittle use of purchased chemical inputs (CIAT, 1980, p. 74-76). 

The association of cassava with common beans or cowpeas is a lso very 
freq uent. It is practiced a ll over the hemisphere, but is of particular 
importance in Ce nt ral América, Colombia, and Brazil. The planting pattern 
of cassava is often not changed from the sole-crop a rrangemen t, and beans 
a re hill-interplanted in the same row after the first ha nd weeding (3-4 weeks 
after cassava pla nting). Thus, cassava yield is not affected (20-30 t/ha), but 
bean yields are very low (200 kg/ha) in farmers' fie lds in Colombia (CIA T, 
1980, p. 74-76). 

Oth er short-cycle cro ps associa ted with cassava in Latin America a re 
upland rice ( Oryza sativa), cotton ( Gossypiwn sp.), and tobacco (Nicotiana 
tabacum) in Brazil , a nd pigeon pea af1d climbi ng beans (at the end of the 
cassava g rowth cycle) in Costa R,ica a nd Colombia. lntercropping of cassava 
wi th otber root and tuber crops, such as taro, yams, and sweet potato, is 
practiced in ,Nicaragua, while .t.~etr.iple associat io n of cassava/maize/yams is 
typical in the Colombia n. north~e$~. . 

In ·~ddition, there are a gn;at., l1U!Jlber of systems in which ca!isava is the 
sho rt-season crop associated wi th perenn ial crops s uch as suga rcane 
(Saccha~um officinarum) and cocoa (Theobroma cacao) in Costa Rica, o il 
palm ,(Eiaeis guineensis) in Colombia, and coconut (Cocos nucifera) a nd 
rubbet (Hevea brasiliensis) in Br:azw. In these systems, cassava may be 
considered a seconda ry crop. lts productivity is no rmall y low due to the 
reduced light incidence below the perennials when they have grown beyond 
their phase of initial development. 

A frica 
With the e.xceptio n of severa! parts of the African continent in which 

agricultura! production is characterized by large plantations of expo rt crops. 
intercropping is very common in most of tropical Africa . Up to 50% o r more 
of the cassava grown in Africa ma y be intercro pped (S. Nyombe, personal 
communication , 198 1). In Uganda, fo r example, 49% of the cassava is 
intercropped, whereas in Nigeria a lower po rtian of cassava (27%) is grown in 
intercropping systems (Okigbo and Greenland, 1976). Generally, cassava is 
grown in monoculture in fields far from the villages; near the homesteads, 
however, it is commo n to find very complex intercropping systems, which 
include a variety of annual food species, vegetables, and fruit trees. 

The typical fo rm of il')tercropping is relay intercropping, beginning with 
o ther crops and in~erpla~ting c~~sava wh!!n the earlier planted cro ps are fa irl y 
crdvapced in their crop cycl~ or·,are .about to reach the ertd. There are typical 
seq uen,ces by regions such as: 

• Nlgeria-cowpea/amaranthus (as vegetab le)/maize/cassava; taro/ 
ma ize/ cassava; taro/melon (Cucümeropsis mannii)lmaizelokra (Abel
moschus e seu/en rus)/ cassa va/ cocoa. 

6 
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Liberia-upland rice/ch ili pepper (Capsicum annuum )ltomato (Lyco
persicon esculentum)lcommon beans/ maize/ banana (Musa sp.)/cassava, 
all p lan ted sim ultaneously. 
Sierra Leone-upland rice/maize/okra/chili pepper/cassava, in relay 
intercropping. 

Zaire-groundnut/cassava/sesame (Sesamum indicum)lwa termelon (Ci
trullus lanarus)lsorghum (Sorghum bicolor)/hypti s (Hyptis spicigera)/ 
finger millet (Eieusine coracana). 

In most of these sequences, cassava is grown as the last crop before changing 
the site. This is p robably due to the fac t that, in the still widely practiced 
system of sh ifting cul tivation, soil fertility is exhausted afte r producing 
severa! crops on the sa me land , and only cassava with its ability to grow and 
p roduce on soi ls o f low fertility yie lds reasonably well. 

An analysis of cassava intercro pping systems in Nigeria showed that 77% 
of cassava was p la nted o n mounds prepared by hand and that mixed 
intercropping pre~ai l ed . Neve rtheless, every single species ha<! its specific 
position on to p, o n the sides, o r at the bottom of the mound, cassava being 
freq uently pfaced on the sides. Pla nting density was high (15,000 plants/ha); 
nevertheless. mean yields we re never greater than 6 t/ ha of fresh roots (Ezeilo , 
1979). 

Asia 
There are no estima tes regarding the percentage of intercropped casssava in 

Asia, but the pro portion is certain ly smaller than in Latin America ahd 
A frica . Nevertheless, in tercroppi ng cassa va with a large n umber o f other crop 
species, pa rticularly in homestead gardens, is of great importance as a 
cont ribu tion to human nu trítíon in that part of the world, similar to Latín 
America and Africa. 

Rice is the central elemen t in most Asian croppiog systems. In o rder to 
effec tively produce this crop, i rrigatio n systems were establ ished which, 
according to the region, cover from 19 to 47% ofthe arable land (Harwood 
and Price, 1976). This could favor, but normal! y complicates, the growing o f 
cassava together wit h other crops since paddy soils (rich in montmorillonite) 
are difficult to prepa re under .d.~y c~nditions for the nonirrigated crops. 

Water regulat io n is essential fo r the production of wet land and dryland 
crops a t the same time. lt is achieved by making divisions between Jow and 
elevated parts in a field , as practiced in the "ditch and dike" system of 
Thailand or the "Sorjan" system of Indonesia (Suryatna, 1979). In these 
ra infed systems, rice is grown in low-lying strips, whereas the dryland crops 
are found on elevated beds of 4- to 8-m width. On these beds. cassava is 
normally on the borders, and toward the center there are usua lly one or 
severa! of the following crops: o nio n (AIIium cepa), groundnut, soybean 
(Giycine max), chili pepper, maize , cucumber (Cucumis saliva). mungbean , 
and, sometimes, sweet poiato. 
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The divisio n between low-lying and elevated parts can be a rtificial o r 
adj usted to na tura l to pographic conditio ns. The la tter is o bserved in so uthe rn 
India where irriga ted r ice p red o minates in the va lleys , whereas cassava
frequently interc ro p ped under coconut palms-is fo und in the tra nsi tio n 
zones between valleys and higher elevat ions. 

In Ind o nesia , dryla nd cassava fo ll ows upland rice and maize a s a thi rd 
crop, the fi rst two plan ted sim ulta neously a nd cassava in tercropped 30 to 40 
da ys la ter. Also commo n is re lay cropping of cassava with g round nu ts, 
cassa va plan ted 30 days a fter the g ro undnurs. In Thailand , ver y little cassa va 
is intercro pped, but occasionally simul\aneous associatio n with maize is 
found. The planting pattern o f cassa va inihis associa tio n is a proxim ate ly 1 x 1 
m with both row and mixed intercropping being practiced . 

The system of gro wing sho rt-cycle annua l c rops toge ther with a lo ng-cycle 
relay cro p (rice a nd maize with cassa va) has a n important imp lica ti o n where 
soil p reparatio n is difficult and no mo to rized cul tivat ion is avai lable: wi th o ne 
single preparat io n· it is feasible to prod uce two o r three crops per year. 

In India , Malaysia , the Philippines, and Tha ila nd , mo re tha n in o ther Asían 
countries, cassava is a lso interc ropped with perennia ls such a s coconut, oil 
palm, rubber, mango (Mangifera indica), and banana. While in the previo usly 
described sys tems the prod uc tivi ty o f cassava ma y be high , acco rd ing to the 
intensity of management , yields a re usua ll y low when cassava grows 
intercropped und er perennial species since its produc tivity is drasticall y 
reduced b y shading (Mo ha n Kumar a nd H rishi , 1979). 
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As discussed in the preced ing chapter, the p roductivity oícassa \'á;land its 
associa ted interc ro ps is low in the majority of traditional cro pping:;ystems. 
The most outstanding reasons fo r this lo'f· productivit y are: ~:. · 

J .... • ;r_i -~- ,- l l. 

l . T.he associa1io n o f spec ies unsui'latite tir iñtere ro ppi,ng, due 10 i ~~_9:"'pa li-
blltty of plant 1ype o r growtij cyr;~ ·..:.;:~1 ': • f<' _..~ 

2. The coi nc idence of phases of rn¡J-i.~urñ!;g¡;~lh due lO an iQá~equale 
re lative pla nting d a te , resu lting ¡"{J ~cessiv<f inJers pecific competi tion; 

3. Selec1ion of a p la nting density toó mY.Ch belÓ,w o.r (Y, very few,c~es) too 
much above o ptimum, and inad.~quate p lant ing pa tterns; · .. 

4. Lo w 'soil fe rtility and absent or deficient phytosanitary m7~¡;ures . . ' 
. . f''' 

Severa ! years of research effo rts ha.ve been. de9icated to the solut ioTÍ of these 
problems. As a resu lt , it is n? w possib}e ·!9 d~s~~jbe th.~ foll owing elements 
1ha1 are d esirable for an improved teclinolqgy. for- cassava intercropping 

t . 
systems. 

'• 

Plant T ype Selection for Association 

Cassava 
In ca ssava, a wide range o f growth habi1s exist wi1h respect to bra nching 

and vigor (sometimes termed " leafiness"). Both charac te rist ics may infl uence 
the quanlity of light intercepted during early g rowlh s1ages. Varieties with an 
erect g ro wth habi t {late branching) and medium vigor possibly cause less 
shade toan interc ro p l ha n lhose wilh ea rly branching and high initial vig or. 
As see n in Table 1, the variety M Mex 59 with h igh initial vigor and early 
branchi ng ca uses more reducti o n in the yield of interc ro pped bea ns ~han d o 
five se lec ted varie ties with med ium vigor a nd la ter bra nching. Furt.he.rmore. 
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Table 1. 

"' 

Effect of ca'sssJ~ipla~f'ty"~:e' (1igor and branching) on root yield in 
single c.ul:uu{ and ~?so~iatlon, and on yield of int~rcropped 
common be'ans at ÓA l-Palmira. 

Cassava yield 

Plant t.ype 

and variety 

Vigorous, early 
branching 
M Mex 59 

Medium vigor, 
medium to late 
branching 
M Ecu 47 
M Ven 270 
M Col 1468 
M Pan 70 
M Ptr 26 
LSD 5% 

a Average of 4 years at CIA T 
b. Data lor 1 year at CIA T. 

Sole cropa 

(t/ ha) 

32.8 

36.2 
42.8 
38.3 
42.0 
40.2 

.)~_Ad 

c. Propon ion of yield in single culture. 
d . N.o stat ístícal analysis available. 

Associationb 

(t / ha) 

25.8 

33.6 
33.2 
30.3 
30.5 
28.4 
9 .. 1 

Source; Thung, 1976; Ktx-ano, Pf'S01Jal q¡m~uni::¡llíon . 

Bean yield 

Total 
(kg/ ha) 

2077 

2747 
2455 
2361 
2313 
2304 

254 

Relative to 
sole cropc 

(%) 

89 

117 
105 
101 

99 
98 
11 

-~ ~~ . ~; 

varie tí!is witlí medium J.i'g~r~~Q1i~ihe:,b~~nching more close ly resemble the 
"id~~t,Piant type ~r ira~j,sl~-¡¡¿jij·~in si ng le cultu re, d escribed by Cock e t 
al. (1.979). The data1pres~t~~li~~bl~l sh ow a numerical superio rity in yield 
of this,j:> lant type,,both {ri si_ng\<i...c4'ltúfe and in associatio n , a lth ough in this 
example the superlority was nO.t s tati stica lly significant. On the o ther hand, 
bea~ .yields were significantly more affected b y the vigorous, earl y branching 
cassava than by the medium vigor, medium- to late-branching types. 

It appears, then, that varieties with medium vigor and la te branching (erect 
growthhabit) a re most suitable for intercropping since they impose relatively 
llttle competitio n on the intercrop initially a nd also ha ve high yie ld poten tia!. 
An exceptio n is probably the cassava/maize associatio n, where only the more 
vigorous cassava types compete favorably with the d o mina nt crop, maize. 

Grain legumes 
When selecting a grain legume asan intercrop wi th cassava, a n im portant 

characteristic is its earliness to fl owering and maturity . With ea rly maturity, 
the perio d of competitio n with cassava is red uced and excessive shad ing o f the 
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Table 2. Correlations between yields of cassava and associated legumes 
with varying number of days to physiological maturity. 

Species 

Bean 

Cowpea 

Peanut 

Soybean 

• Significan! at P = 0.05. 

Days to 
physiological 

maturity 
(no.) 

80 
90 

106 
125 

Correlation of 

cassava/ legume yields 

(r) 

0.01 
0.05 

-Q.14 
-o.35• 

legume during pod-filling is avoided. When both c rops a re together in the 
field fo r a lo nge r pe riod of time, the interac tion be tween them becomes mo re 
and mo re accentuated and yields are mutually affec ted. This was evident 
when the correlation coefficients o f cassava yields were compared with those 
of fou r grain legumes. In asociatio ns o f cassava with the early maturity 
legumes (common beans and cowpea), no correla tion was observed between 
cassa va a nd legume yields; however, an increasi ngly negative correlatio n was 
fo und when the legume growth cycle was greater than 100 days, indicating a 
h igher degree of interactio n between the associated species (Table 2). 

The growth habit of the legume-erect o r prostrate-does not appear to 
affect yie lds, as long as it is nota climbing type (fo r simultaneous planting). In 
a tr ia ! o f cassava inlercropped with nine va rieties of cowpea, e ight of these 
hadan erect, semierect, o r prostrate growth habit and red uced cassava yield 
from 6 to 24% com pared to the sole-crop cassava. By contrast , o ne cowpea 
variety with a tendency toward a climbing growth ha bit reduced cassava yield 
by 32% (Hegewald and Leihner, 1980). 

Nevertheless. climbing types of legumes- such as the common climbing 
bean (Phaseolus vulgaris) , lima bean (Phaseolus lunarus), and velvet bean 
(Mucuna deeringiana)-can al so be selected fo r associa tio n with cassava at the 
end of its growth cycle. The best adapted and most vigoro us legume species 
and variet ies ma y be chosen for thi_s.purpose since these crops must compete 
with a n a lread y established crop. Cassava, even when associated with the 
most vigorous climbing legumes, d oes no t norma lly suffer a redudio n in yield 
which, at this la te stage of cassava development , is a iread y mostly determined 

, (CI A T , 1978, p . A66- A68; 1982). 

Other crops 
The great variety of other species in tercropped with cassava has been 

d escribed in the preceding sectio n o n worldwide sys tems. Severa ! fac tors 
sho uld be taken into account in the selec tion of these species for successfu l 
intercropping wi th cassava. 
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For simultaneous planting, the crop should have a growth cycle of 
preferably less tha n 100-days duration and a n erect o r pros tra te growth habit. 
Fo r pla nting near the end of the cassava growth cycle, the associa ted crop 
should no t exceed 120 days to maturity when simultaneous harvesting of 
cassava and the intercrop is desired ; fo r relay cropping in to cassa va, however, 
the growth dura ti on of the intercrop is no t importan!. Also, crops fo r 
interplanting into already established cassa va should have either a bush o r 
climbing growth ha bit , with shade to lerance being a pa rticular desirable trait. 

If the products from intercropping a re destined fo r huma n o r animal 
nutrition, pro tein sources, such as vegetable or grain legumes, should be 
selected asan intercrop ra ther tha n o ther carbohydrate sources, such as ta ro 
o r sweet potato. On the o ther ha nd , if the prod ucts from intercropping are 
grown as cash crops for sale, any crop with acceptable profitab ility will serve 
as an intercrop . 

It has already been mentioned that intercropping with perennials is a lso 
importan!. Dui'ing the establishment phase of plantatíon crops, such as 
coconut, o il palm, o r rubber, ha rvests o f cassava can help to pay part ofthe 
establishment cost when there is still no production from the perennials. 
However, when the perennials grow and shade cassava , cassa va ceases to 
produce profitable yields, a nd the intercropping system may no longer grant 
a n economic advantage. As an exception, perennial fodder crops with a 
prostrate growth habit, such as Sty losanthes guianensis. can be intercropped 
with cassava fo r long periods of time with cassava benefiting from their 
nitrogen fi xa tion (Nitis, 1977). 

Relative Time of Planting 

The relative time of planting-i.e., planting of the intercrop before, a t the 
same time a s, o r after cassava-has bo th bi ologica l a nd practica! implica
tions. Cassava. does not impose much competition at the beginning of its 
growth cycle, but it does not to lera te much competition either. As a result , 
cassava yields can be drasticall y reduced if the intercrop is pla nted ea rl ier than 
cassava , imposing competition fo r light a nd o ther growth facto rs. On the 
other hand, if cassava is planted earlier than the intercrop , growth and yield of 
the intercrop can be affected b y shading a nd competit ion fo r o ther growth 
facto rs. 

Trials conducted with cassava and common beans ha ve shown that greatest 
to ta l yields were achieved when bo th crops were pla nted a t the same time or 
with a difference in plan\ing time of less tha n 1 week (Figure 3; Thung and 
Cock, 1979). This practice has been verified in many experiments, growing 
cassava in association with va rious grain legumes and maize. A pract ica! 
implica tion of simulta neous pla nti ng is tha t it requires only o ne operat ion 
instead of two sepa ra te processes to establish the associa tion . This facili tates a 
certain degree of mechanizat ion in the establishment of in ter-cropping 
systems if already-existing machinery is adapted for this purpose. 
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While relative planting time-can h'eJp :Xe~1a~ l:t'ght competition whe1) the 
associated crops initia te their growth cycle~togethe r, the si tuation is different 
for an intercrop sown into es ta blished cassava . Here, light may be th,e most 
limiting factor for an intercrop. Nevertheless, observations made at · CIA T 
showed that cassava intercepted less l~ght toward the end of its g rowth cycle 
tha n during its phase of most active g rowth . This a llowed the production of 
an intercrop under cassava during the last months before its ha rvest. 
Intercropping common bush beans a t 7, 8, and 9 months a fter cassa va showed 
tha t bush bean yield was reduced less a t the la tes t planting da te (9 months) 
since light conditions for the intercrop improved (Figure 4). 
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It can be concluded that the later an intercrop is sown under an already 
es tablished cassava crop, the better is its yield. Nevertheless, the productivity 
of an intercrop grown under these conditions is much below that o f a n 
association when both c ~ops begin their growth cycle together. 

Planting Density 

Cassava 
In tr.aditional planting systems, .. cassava is frequently planted at lower 

densiti~s in association than in single culture. Thirty-seven agronomists 
working with cassava in Latin A~e~ica reported current planting densities in 
their c?.untries ra nging betwee(l ·3.0.bO ~nd 25 ,000 plants/ha (average 11 ,300 
plants~ha) for cassava as a so le. ~r<;>p and between 4000 and 18,000 plants/ha 
fo r i~ tercropped .~assava (average 8300 plants/ha) (Leihner and Castro, 
1979) . . The reduced plantmg density, a long with the competition imposed by 
one O( rpore intercrops , m ay partially explain the low productivity of cassa va 
in traditional intercropping systems. This situation can be co rrected , 
however, by planting cassava at optimum single-culture density. 
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Relative yieÚJ r~sron~e ;o .pl~nting densities of two cassava varieties (M M ex 
11 and NI Col 1Ü) gro.C..n as sble c rops and inte rcropped with two bean 
varieti es . (P 302 and Pu eblá. 1S"Í) .' 
Source: lhung a·nd Cock, .1979. 

With leafy and early branching varieties, such as M Col 113, maximum 
sole-crop yie lds of cassava a re obtained at relatively low cassava planting 
densities (Figure 5); a t the same time, these low densities produced the best 
yields in intercropped cassava . On the other hand, varieties with less fo liage 
and la te branching, such as M Mex 1 1, do not show this same degree of 
coincidence; nevertheless, this type of cassa va in single culture still produces 
approximately 92% of maximum yield at intermedia te planting densities, and 
acceptable yields (75- 90% of maximum yield) of cassava can be obtained in 
association. 

With an increment in cassava plant populatíon , the yíeld ofthe intercrop is 
normally reduced (Figure 5). However, as shown by these results, only 
intermed iate cassava plant populations are required to produce acceptable 
yields . Therefore, optimum sole-crop cassava plant populations can be used 
in intercropping without causing excessive yield reduction of the associated 
crop. 

Grain legumes 
Generally, the yield of grain legumes does not vary greatly in response to 

different planting densi ti es within a relatively wide range. Trials with 
common beans, cowpea, and groundnut grown in single culture and 
intercropped with cassava showed constant yields, or not very accentuated 
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responses, in a planting-density range between 50 and 200% of optimum 
sole-crop densi ty (Thung a nd Cock , 1979; Hegewald a nd Leih ner, 1980; 
Fonseca, 1981). Using the optimum densi ty fo r single cult ure, o r a slight ly 
greater density, in association frequently results in maximum yield when 
legumes are pla nted simultaneously with cassava (Figure 6). 
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Figure 7. Re lationship be tween the planti ng densit y o f cowpea and the fresh root yield 
of cassava (the two crops grown in association). 
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Table 3. 

'• 

Species ~· • ! .: 

Common bush bean (Phaseolus vulgarÍs) 

Common climbing bean (P. vulgaris) 

Cowpea (Vigna unguiculata) 

Mungbean (Vigna radiata) 

Peanut (Arachis hypogaea) 

'r~~ 

..... 
'· 

Adequate, density (pl_iOr~/ha) 
. .. 

; single 'culture 

?00,000 
110,000 

80,000 
200,000 
200,000 

Asstciation 

250,000 
160,000 
110,000 
250,000 
250,000 

Theoretically, high grain legume den sities should compete more with 
cassava and should reduce its yie ld more than low densities. However , in 
practice, no significant co rrelations have been observed between legume 
planting density and cassava yield (Figures 7, 8). This is why grain legume 
plant po pulations which give best results in single culture can also be used in 
intercropping systems with cassava. Table 3 shows optimum plant pdpula
tions fo r grain legumes produced in single culture and in associatiÓ_n: 

Maize . 
The sa me principies regarding pl;nting_densities in single cultúre and in 

intercropping of cassava and grain legumc:s are also valid fo r cassáva/maize 
associations. A traditional associatiÓn WitlÚ:assava planted at 1 X 1.2 m (8333 
plan ts/hé\) and maize at 2 X 1.2 m (thr~e p]an'ts p~r hill , or 12,500 p,lánts/ ha) 
was compared with a more intensi\re1I:tSfem' ~h~recassava was -t?taiued at 
10,4 17 plants/ha and maize a t 41,6o7'~1a~rsÍha . No 'ch-ange in cagsa~a yield 
was observed, but maize producrion w~s óipléa in th.e more intensiy~ system 
(C IA T, 1980, p . 74-76). Cassava did not suffer yieid (eduction ad1 higher 
maize density, due both to a spatí'al a rrangement different from the 
traditional system ( 1.6 X 0.6 m), which minimized intercrop competitfon, and 
to a slight increase in the planting density of cassava itself. Also, a· vigorous 
type of cassava was used (cv. Secundina), which may ha ve tolerated tnemaize 
competition rather well. E ven with a 1- X 1-ineter arrangement of cassava, 
which is probably not adequate for this assoclation, anda less vigorous type 
of cassava, the greatest efficiency, both 1n terms of land use and economy, was 
obtained with maize densities between 20,000 and 40,000 plants/ha in trials 
conducted in Costa Rica (Meneses, 1980). This again confirms that the use of 
normal sole-crop planting densities produces the most favo rable results for 
intercropping. 
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Plant ing Pattern (Spat ial Arrangement of C rops) 

Spatialdistribution in the field is of great importancc in crop associations of 
two or more species, since it affects the efficiency with which solar radiation 
and space are utilized . At the same time. the spatial arrangement has an 
importan! innuence on the degree of competition between crops. Theoreti
cally, a p lanting pattern where every individual plant grows at an equal 
distance from the others would be ideal, allowing the most efficient use of 
resources for growth and production . However , practica! reasons, such as 
land preparation and facility of planting, cultivation. and harvest, usually 
make a different arrangement more desirable. This applies both to cassava 
and to the crops associated with it. 

Cassava 

The most frequently u sed planting pattern for cassa va in pure stand is 1 X 1 
m or similar. However, this arrangement does not provide opti mum 
con di tions for the associa tions of i.ntercrops si nce the cassa va canopy covers 
the ground below more rapidly than in other types of arrangements, shading 
the intercrop from early on (Castro, 1980). 

This led us to examine differeot planting patterns for cassava, providing 
more favorable condition.s for intercropping. Experiments conducted at 
various locations confirmed that the.:r~iat(on of the spatial arrangement of 
cassava from square (1 X ~ m)_to:rec.tangular (2 X 0.5 m). including severa! 
intermed1ate patterns, di~ JtO.h~C.~ Sissava root yield when the same 
planting density was maintaiñed (iable 4). .. . '" ~:~ 

~e- o -

Table 4. Effect o f various spatial ~lanting arrangements on yield of cassava 
al a -constant planting d e nsity. 

Spatial Fresh root 
arrangement Density yield 

Loca lity Variety (m) (p lants/ ha) (tlha) 

CIATa M Mex 52 1.0 X 1.0 10,000 25.0 
2.0 X 0.5 10,000 22.0 

CIAT M Col 22 1.0x1.0 10,000 35.0 
2.0 X 0.5 10,000 37.0 

Caribia M Col 22 1.0 X 1.0 10,000 17.1 
1.8 X 0.6 9,259 17.6 

Media Luna Secundina 1.0x1 .0 10,000 15.0 
1.6 X 0.6 10,416 14.1 

a. At CIAT ·Palm~ra , the effect o ( spa tial arrangemcnts on cassava yield was "atistically not 
significant . No statistical analysis was performed lo r other locations. 

Sourct" : CIAT , 1977 and 1960. 
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These data suggest that a rectangular arrangement of cassava can be chosen 
that does not reduce cassava yield while it facilitates the accommodation of 
and crea tes mo re favorabl e conditions for an intercrop. 

Groin legumes 
In commercial crops of grain legumes in pure stands, normal row distance 

varíes between 30 and 80 cm. Thung (1978) suggested an arrangement for 
grain legumes intercropped with cassava, planting cassava in beds at 1.80 m 
between rows (0.60 m between plants) and 0.90 m between legume rows , 
which is still within the normal variation of arrangements used in grain 

45/2 70/2 6013 
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- 160 --;---' 

Figure 9. 

Figure 10. 

Dist~nce (cm) 

Spalial arrangemenls for cassava in associalion wilh legumes , planled on flat 
land . 
Source: CIA T. 1979. 
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legume production. This same distribution of crops in feasible when cassava 
is grown on broad ridges. However, more flexibility is possible for accommo
dating legume rows between cassava when planting on flat land. 

Three spatial arrangements of cowpea rows (Figure 9) planted between 
cassava on flat la nd were evaluated in the field . It was found that the more 
e ven distribution of the legumes (60/3 arrangement) more efficiently u sed the 
space available between cassava plants in a wide range of planting densities in 
both pure stand and association. The yield advantage of the 60/3 arrange
ment was statistically significant when compared to the 70/2 arrangement a t 
110,000 plants/ha in pure stand and when compared to both the 45/2 and 
70/2 arrangements at 140,000 plants/ha it) .association . The \ess favorable 
result ofthe 70/2 arrangement in pure stand was possibly due to a high leve! of 
competition within the cowpea crop itself (intraspecific competi tion}, where
as the generally lower cowpea yields of the 45/2 arrangement in association 
may ha ve been due toa greater degree of competition between cassava and 
cowpea (interspecific competition) rather than competition within the 
cowpea crop (Figure 10). 

Similar results were obtained when testing the 60/3 and 70/2 arrangements 
in a cassava/groundnut intercrop. The more e ven distribution of groundnuts 
achieved with the 60/3 arrangement, both in single culture and when 
intercropped with cassava, resulted in greater groundnut yields than in the 
70/2 treatment, over the whole range of planting densities used in this 
experiment. The difference between the two arrangements was significant at 
150,000 plants/ ha in bo th planting systems and decreased at higher plant 
populations. 
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Figure 11 . Yield response of groundnut in association with cassava and single culture , 10 

two spatial arrangeme nts at three planr ing densities. 
Source: Fonseca, 1961 . 
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This shows the need to consider also the interaction between the two 
facto rs-plan ti ng density and spatia l arrangement. With increasing planting 
density, the 60/ 3 arrangement was each time mo re similar to the 70/ 2 
arrangement. This result is logical since, even in the 60/ 3 arrangement, higher 
densit ies induced more intraspecific co mpetition, so that the field situa tion 
fo r groundnuts was similar to the one prevalent in the 70/ 2 arrangement 
(Figure 11 ). 

These results suggest that the more evenly distributed the legum~~~·~üh i n 
the space ava ilable between cassava rows, the greater their yield, #\\.; to a 
more complete utilization of growth ·ractors a long with a low '{~y~l of 
in traspecific competition. Nevertheless, it is no t advisable to sp~~d the 
legumes too ~idely ~ithin th~ available spa~e , t h.u~ placing them to0:f_Í~se to 
the cassava, srnce thrs would mcrease·~hle compe'ttllQn between the two·e¡ops . 

.. ~J4;,.'' ~~ ... ~j;... . \l ;,.. ;~!orf,r.. 
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lntercro pping has been considered.aJv~~·fg~~&s·:~so~u~ to the eff~~if has 
on soil co nserva tion . Burgos (1980). foÓn~ that ifi várib us associ~{i~ns of 
cassa va with o ther crops , absorptibn of .soil nutrients by the crp ps . .'was 
superio r to the loss o f nut rients through leaching and erosion, wher7as: in a 
cassa va sol e crop, nutrient loss througp leaching and erosion wa~ ~everal 
times greater than absorpti on by the crop. :.. 

On the o ther hand , the assoc'iatior1 ~f_cassav~ w/~h o tlier crops represents 
an intensificat ion of the demand for ·. nutrients ~· particularly when each 
associated crop is planted at its no rmal single-culture density. In · this 
sitiJatio n, t ~e rem ova l o f elements from the soil is greate r in the intercropping 
system that in single culture, and , if these nu trients are not replaced by 
adequate fertili za tion, soil fert ili ty deterio ration occu rs (Table 5). 

Very little o r no info rmation cxists on the co rrect fertilizalion of an 
intercropping system: nutrient requirements and response of individual crops 
to va rious elements, possible cha nges of response in associa tion, aspects o f 
nutrient competit ion a nd complementation, correct method of fer tilizer 

Tab le S. Re moval of soil nutrients by the p roducts (roots and grains) 

harveste d in a cassavaj mungbean association, compared lo 
removal of cassava in single culture. ~~,. 

Nutrie n ts re moved (kg/ h;á') - · 

Syste m N . p K 

Cassava in sing le cu ltu re ;r ~O ~ .. ~,s~· ,;;78 
Cassava/mungb ean associat ion 1.0 1, ~.\..~ ... ) 4 ,, 
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applicatión.(broadcast o r banded), appropriate time for fertilizer application, 
and best.~utrient sources. Many of these questio ns are still unanswered; 
following· is sorne preliminaty infortna~i on . 

. .. 
Nutrien,t requirerJJents o/ cas~al{p and intercrops 
The Jl~t.~ient requir~ment~ of~,~~~~ abd o f sorne o f its more frequently 

used inrdrc;rops have b een telf!t1~\~ell· studied. Cassava removes large 
amounls·of nitrogen and potassil.iffi t~bm the soil , even more so when the 

.~ ': . .~ ( '\'~ . ' ·~ . . 
above-g<Q}lnd part of the plant 1s nQt temcorporated m the sol!. However, the 
respons(ofcassa va root yield to f ercllization wi th these elements is f req uentl y 
not very marked , except in prolo nged and continuo us cassava production. 
Under these circumstances, response to potassium may be more accentuated. 
On many poor soils, cassava profits greatly from mycorrhizal association fo r 
the absorption of pltosphorus. lt also respo nds markedly to phosphorus 
applicati'on even though only small quan tities are removed fro m the soil. In 
poor soils, such as the tropical Oxisols and Ultisols, magnesium , sulfur, and 
particular! y zinc nutrition of cassava is of impo rtance (Howeler, 198 1 ). 
. The different grain legume species with short gro wth cycles ha ve similar 
nutritional requirements. Although they remo ve large quantities of nitrogen, 
they have the capacity to fix this element, thus partially satisfying their 
nitrogen requirement. On many poor soils , grain legumes also markedly 
respond to phosphorus , without removing large quantities of this element. 
Specific requirements are observed with' respect to severa! micro nutrients , 
such as boron (Howeler et al. , 1978) and zinc (CIAT, 1977); in sorne species 
such as groundnut , calcium is a l so an importan! nutrient. In maize, the major 
requirement to achieve normal growth and a good yield is fo r nitrogen 
followed by potassium and .phospho rus. ln many poor soils, phosphorus 
b~comes an importan! macro~u!f.ieA_.t ~d zinc and boron important micro-
nutrienís (CIA T,-4 9731. ~~ ·"-··~;e)< • · · . .. . .• 

.. ~h ¡ • 

Selecti9.Íl o/ crops for association 
Correcti~g deficiencies of inferrile soUs thro ugh applica tion of soil 

amendmeht~and fertilizers is;biólogÍta)l.y sound , but may not be economical 
when largeámounts ofsoil:a rilendmel'l.t~pr éostly fertilizers are necessary. An 
alternativ~Approach tQ obta1n go~~- {¡¡.: ,.. icultural yields on poor soils is the 
selectiof!'gt.Qrops whic~a~p!-w~lt!<. ~~rábleconditionssuch as nutrient 
deficienoj;}~cidity , an~ álurntriü~ : níanganese ·toxicity, and produce 
acceptablc~1y.ields with llttle inpu~. ~e~~all.y, the selection of species with 
tolerance!-t~ acid, infeh ile sbil •cto ¡f~ ition$~ prevalen t in large parts o f the 
tropics, wb~ld help reduce the amqunt of inputs required for agricultura! 
productiÓ~jn those areas. 

A study was conducted on an extreme! y a cid Oxisol ofthe Eastern Plains o f 
Colombi¡¡. ('fable 6) to evaluate growth ha bit and yield of six crops-cassa va. 
cowpea, rice, maize, black common beans, and nonblack common beans-at 
calcitic lime levels o fO, 0.5, 2, and 6 t/ ha. Without lime applica tio n, cassava 
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Table 6. Soil physical and chemical characteristics at three Colombian 

experimental sites: Carimagua (Eastern Plains), Quilichao (Cauca 

Valley), and Caribia (north coast). 

p Soil content (meq/ 100 g) Al sa t-
Soil O .M . (Bray 11 ) uration 

Si. te texture (%) (ppm) pH Al Ca Mg K (%) 

Carimagua Si lty 
el ay 3.4 1.4 4.1 3.1 0.37 0.17 0.08 83 

Quilichao Clay 7.1 1.8 4.3 2.8 1.80 0.70 0.18 51 

Caribía Sandy 
loa m 1.4 89.4 5.7 0.0 3.40 0.60 0.12 o 

yielded 54% of the maximum yield obtained with 6 t lime/ha; with o nly 0.5 t 
lime/ ha , root production was 76% ofthe maximum. On the other hand, yie!ds 
of common beans (both black and nonb1ack), maize, and rice were mínima! at 
the O lime leve! and o nly moderate with 2 and 6 t lime/ ha. Cowpea was the 
o nl y crop with tolerance similar to or better than cassava to acidity and Jow 
fertility . AtOandO. S t lime/ ha , respectively, cowpea yields were 60 and 80% 
of the maximum yield (Cock and Howeler, 1979). 

A large collection of grain legumes was tested on a highly acid, inferti1e 
lnceptisol at C IA T-Qui1ichao (see Table 6) fo r both adaptation to the extreme 
soil conditions and suitabi lity of plant type for intercropping. The collection 
included cowpea (61 varieties), mungbean (66), pigeon pea (14), winged bean 
(Psophocarpus tetragonolobus) (9) , velvet bean (2), and one cultivar each of 
groundnut, jack bean ( Canavalia ensiformis), and sword bea~:t (C. gladiata). 
These were grown in a two times replicated, complete randomized block 
design in pure stand and intercropped with cassava. 

Of all these, o nly cowpea and groundnut showed outstanding adaptation to 
soil conditions and were suitable for símultaneous intercropping, whereas the 
plant type and adaptation of velvet bean suggested its potential for planting in· 
associatio n with cassava at the end of.the cassava growth cycle. All the other 
species either did not to lera te the extreme soil acidity, toxicity of aluminum 
and manganese. and infertility (mungbean, winged bean) or were unsuitable 
for intercropping with cassava due to their growth habit (pigeon pea, jack 
b"ean , sword bean) (ClAT, 1979, p . 60~4; Hegewald and Leihner, 1980). 

Response to fertilization in pure stand and association 
Response to the major nutrients of both cassava and the intercrops most 

frequently associa ted with it (grain legumes, maize) was amply studied under 
single-culture conditions in largely varying edaphic situations (Jacob a nd v. 
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Uexküll, 1973; Andrew and Kamprath , 1978; Howeler, 1981). However, it is 
important to point out that these crops, when grown in association , may show 
a markedly different response to that observed in single culture. 

Trials were conducted at Caribia on the Colombian north coast on a 
medium-fertility soil (see Table 6) to establish the response of cassava and 
cowpea to nitrogen and potassi um application, when grown in pure stand and 
in association. A fundamental difference was found in the response to 
nitrogen a nd po tassium between cassava in pure stand and intercropped 
cassava. In pure stand , fresh root yie ld showed a posit ive response to nitrogen 
and potassium application only up to the firs t increment, the response to 
nitrogen being statistically significan t. í\.t higher application levels o f these 
two elements , however, a yield decline was observed , leading to lower .than 
check level yields-i.e., yields obtained with O kg/ ha of nitrogen and 
potassium. In the case of potassium , this yield depression was statistica lly 
significan t. Stem and foliage growth increased with the application of both 
elements, bringing-about a decrease in harvest index which is often related to 
most yield reduction (Cock et al. , 1979). 

In contrast, cassava intercro pped with cowpea showed a positive root yield 
response from the second to the fo urth increment of nitrogen and potassium. 
Yield increase over the intercrop check levels was s tatistical ly significant in 

40 

íO 35 ..e 
?. 
~ 

"ii 
·;;.. 30 
o 
o .. 

..e 
"' ~ 
.. 25 
> .. 
"' "' .. 
u 

20 

Cassava 

\ 
Sys1ems N levels 
(LSD 5%) (LSD 5%) 

~ \ ! _;:;; IF : 

o o 50 100 150 300 

• Cassava sole crop 
• Cowpca ~ole crop 

N (kg/ha) 

O Cassava assorialion 
O Cowpea aSSilrialion 

3000 

íO 
..e 
~ 
~ 

2000 ~ 
·;;.. 

i'm 

e 
·;¡ 
;, .. 
Q¡ 

c. 
:l 
o 
u 

Figure 12. Yield response of cassava and cowpea in assoc1a11on 10 band-applied 
nilrogen, as compared 10 lhe response o f lhP ~niP cro ps 
Source: CIA T, 1980. 
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the case of nitrogen andel ose to signific~·nt :i.ó the e~ se pf potassium. Cowpja, 
on the othe r hand, did not show an a.pp]e~~.$.~ a_~gf.ée of r~sponse lO ~it1te r 
nitrogen or potassi um , and ~o differeg:~w~q·~se~e~ it!the respo~~to 
these elements between the mtercrop .~-" ~.~ fi_Jílii clfl. twe. Th~re ~{a 
peculiar yie ld reduction in both sole~ . ~~~et 4Jid int~rcr~~eed 
cassava at the 84 kg potassium/tía Te ;{~Hrch'!; atfh~gh signíflCifht, 
probably did not reflecta true effect of potá&strim appJicatidn sin ce thes<::íwo 
treatments were selecti vely affected by flbocling in two o'f the trials~ ft.i:lr 
replicates (Figures 12, 13). - s ~ ',;;t>; 

A different situa tion was found when the same expedments were cond);\~ed 
, ·';. ,..._ ~ ~' r .. u.,~'¡;. 

with inc rements o f phosphorus on tne highl. y ·ph.9} photu. s-deficient '1í:ijd 
phosphorus-fixing soi l of CIAT-Qui.Hc~(f~(s~ !Able ~). Under 'these 
conditions, bo th cassava and cowpea ylelds~estoñ'dedpoSítively to increasiiig 
phosphorus applications, reflecting the seríous deticiéncy of this elemerit in 
the soil (Figure 14). Cassava grown in pure sta nd showed an a lmost linear 
yield response to increased phosphorus leve.ls, reaching the highest yield with 
the highest level of applied phosphorus. However, in assoc.!..ation with 
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Figure 13. Yield response o f cassava and cowpe;¡ in assoCiallon to ba nd-applied 
potassium, as compared 10 1he response of lhe >ole uop>. 
Source: CIAT. 1980 
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Figure 14. Yield response of cassava and cowpea in assocrallon to band-applied 
phosphorus, as compared to the response o( the sole c rops. 

cowpea, cassava responded on ly up to the first increment of phosphorus. This 
somewhat diffe rent response of cassava in association than in single culture 
may be explained both by the strong competition for phosphorus between the 
two species and by the fact that highe r phosphorus levels ca used a drastic 
cha nge in re lative competitiveness of the two c ro ps, in favor of cowpea. 
Cassava yield was reduced, whereas cowpea showed a stro ng positive yield 
response to phosphorus in both cultivation systems. 

From the above it may be concl uded that , to insure an adequate a nd 
eco no mic supply of nutrients for intercropping sys tems, it is important to 
know the response to these outrÍents of each crop when grown in association. 
This response sometimes' shows th~ same tendency in single culture and in 
association (as was the case with cowpea and phosphorus at C IA T 
Quilichao); but, on other occasions, single cultu re and intercrop responses 
can be significantly different (as in the case o f the response of cassava to 
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nitroge n and potassium at Caribia). Thus, no concl usion on the fe rt ilization 
of an intercropping system can be derived o nly from information o n the 
requirements and responses to certain nutrients of c rops in pure sta nds. 
Rathcr , it is ncccssary to study the response to fertilization of the inter
cro pping system, in o rder to estab lish optimum nutrient le ve is under different 
soil conditions. 

Nutrient competition in crop associations 
The competit ion for nutrients in crop associations may involve many 

factors . Nutrient competition occurs when the absorption zones of two or 
more plants overlap. This overlapping is more frequent a nd occurs sooner 
when competition is fo r the mobile nutrients , since these pass mo re readily 
thro ugh the soil and are absorbed more easily. Thus the zone of depletion 
around the roots increases in size faster and overlaps sooner (Kurtz et al., 
1952; Bray, 1954). 

Differences in nutriti o nal requirements and in absorption efficiency are 
causes of competition between the components of a crop, association. 
Competition for one nutrient at the same time may alte r the ability o f the 
componen! crops to compe te for light, water, and other nutrien ts. 

Usually, root systems o f different species do not interfere wi th each other in 
cro p mixtures, possibly dueto both root antagonism and the tendency ofthe 
growing root to avo id mois tu re-depleted zones (Raper and Barber, 1970; 
Litav and Wolovitch, 197 1; Dala!, 1974; Trenbath , 1976). This helps avoid 
competition fo r the more immobile nutrients , but, at the same time, restricts 
the soil volume explored by the roots. 8 oth the st ratification of root sys tems 
(i.e., the expansion of roots of different species to different soil depths) and 
the partía! separation of roots could help reduce competition for n utrients 
(Cable, 1968; Chang, 1969). 

In practice, competition between species presents itself as a reduction in 
vegetative growth and productivity. Nutrient concentration in p lant tissue 
may also be affected by competitio n. The measurement of g~owth and yíeld, 
the response to the applica tion of nutríents , and direct tissue analysis are 
therefore useful tools to evaluate and quantify competition . 

For example, the response to nitrogen of cassava in association with 
cowpea as compared to its response as asole crop (see Figure 12) shows that 
cassava suffered from competition for this element. By con trast , the absence 
of a respo nse of cowpea to ni trogen ~ÚÍd the legume's mínima! difference in 
grain yield when grown as asole crop or intercropped, suggests tha t cowpea 
did not suffer from competition fo r nitrogen by cassava. This is probably due 
not so much to cowpea 's rather limited nitrogen-fixing capacity, but is a result 
o fthe rapid root expansion, both in width and depth, which may ha ve enabled 
cowpea to take up nitrogen from soil levels which cassava roots did not 
reach .3 

3. Observations o( cowpea roors in rhis trial showed a generatly poor nod ula tion. which 
dccrea~ed as nitrogen lcvcls incrcased. 
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A similar situation was o bserved regarding competitio n fo r potassium. The 
marked yield increase of intercropped cassava a t higher levels of po tassium 
suggests this e lement m igh t ha ve been somewha t limiting in the association at 
Iow Ievels of a pplied potassium and that this si tuatio n of competition was 
corrected by higher potassi um Ievels (see Figure 13). Here again, cowpea did 
not show a significant yield inc rease as a repo nse to potassium application, 
and, hence, very likely did no t suffe r from potassium competi tion. 

Not so in the case of phosphorus where both crops sho wed a marked 
positive response to highe r phospho rus levels. This suggests that the re was a 
strong competitíon of both crops for phospho rus fertilizer applied in this 
tria l, as a result of the very low soil pliospho rus and high phosph o rus-fixing 
capacíty of the soil. The specific response of cassava in association with 
cowpea revea ls the differences in tolerance to low soi l P o f the two species: 
with little phosphorus added, cassava, the mo re to lera nt species, showed a 
positive yie ld response. This response was no t ma rked, howeve r, a t highe r 
phospho rus livels, when cowpea became more competitive, ca using a 
reductio n in cassava yield. In turn , cowpea showed the highest grain yields 
o nly with the last increment of phosphorus (see Figure 14). As the response 
curves might suggest , even the highest phosphorus leve\ may not have been 
sufficient to meet bo th crops' demand for phospho rus when grown in 
associa tion as well as single culture (CIAT, 1980, p . 52-55). 

Thro ugh tissue analysis, it is a lso po ssible to determine if a cro p suffers 
more nutrient competition in association than in single culture. In the 
experiments o n yield response to nitrogen, phosphorus, and potassium of 
cassava/cowpea in associatio n andas sale crops, foliar analys is data conf1rm 
the observatio ns made in rela tion to competition . Tables 7 and 8 show lower 
nitrogen and potassium concentra tio ns in leaves (N) and petioles (K) o f 
intercropped cassava, indica ting that cowpea competed with cassava fo r these 
elef11ents. Cowpea itself was not affected by competitio n fo r these two 

Table 7. Effect of various rates of band-applied Non the N leaf concentra
tion of cassava and cowpea grown as sol e crops and intercropped. 

N applied 
(kg/ha) 

o 
50 

100 
150 
300 

Average (% of 
s ingle culture) 

Source : CIA l . 1980. 

28 

Leaf concentration of N (%) 

Cassava Cowpea 
So\e crop lntercro pped Sole crop lntercropped 

5.04 4.82 4.76 4.51 
5.35 4.84 4.54 4.62 
5.24 4.54 4.34 4.45 
4.73 4.54 4.23 4.51 
5.24 4.82 4.82 4.56 

100 92 100 100 

1\ ... .. . .,_ 

' • ·•. '¡ - : 
. ' 1·: . if . ~J. .f,~ ~~ 

.... 
.. i 

Table 8. 
.. Ji~' .. ~~ :. a •• ~,·- ·t • 

Effect of various rates of band-applied lt: on cassavá p e tiole and 
cowpea leaf K concentrations on cassava and t owpea grown as 
sole crops and intercroppe~. 

K applied 
(kg/ ha) 

o 
42 
84 

126 
252 

Average (% of 
single cultu re ) 

Source: CIAT, 1980. 

Leaf o r petiole concentration of K (%) 

Cassava Cowpea 
Sole crop lnte rcropped Sole crop lntercropped 

3.23 3.27 2.13 1.93 

3.51 2.92 1.84 2.19 

3.67 3.55 1.78 1.78 

4.23 4.01 1.87 1.93 

4.41 3.88 2.29 2.29 f 

, _., . ..•. , 
100 93 100 102' '· 

t· .,, ,. _:; 

·~ ' ¡ 
~ S ·" '<}.' .. : . . 

Table 9. 
• ... " 1 r 

Effect of various rates oPbandi:applied Pon leaf P concentratiAn of 
,.- , .J ... ~ 

cassava and cowpea gro~n;las ~iiole .crops' an.d intercropp~d. 
. '- ~"¡:-' "! ,- ~ 6 .: : . ; •! 

P appl ied 
(kg / ha) 

o 
22 
44 
66 

132 
Average (% of 
s ingle culture) 

Source : CIAT, 1980. 

,_. -... -.., .. t>.,~~~ -- .• 

Leaf co~c~~tration of P (%) 

Cassava :.· · Cowpea 

" ,. 

Sole crop lntercropped · Sole crop lntercr()pped 

0.26 0.26 0.26 0 . 2~ . . 

0.25 0.~2 0.29 o.28' 
0.27 0.19 \ -.;.. ·~ 0.26 . 

•. i 
0.27 

0.25 0.2'1 - . 0.28 . 0.24 

0.27 0.24 0.39 0.34 

100 86 100 92 

nutrients. On the other hand , ph osphorus concentratio n in both cassava and 
cowpea t issue was reduced in the intercrop sit uation, indicating tha t both 
crops competed stro ngly for phosphorus, appa rently a ffecting cassava more 
than cowpea. The fact tha t a t higher phosphorus lcvels, foliar phosphorus 
concent ra tion in intercropped cowpea increased, whereas it did not in 
intercropped cassava, suggests that as phosphorus levels increased, cowpea 
became a stronger com pet itor leaving less p hosphorus fo r upta ke by ca~sava 
(Table 9). · 
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Fertilizer applict;~ti~n 'fnéth<,ÍJf./{ "";. 
The,fctr~ilization meth'oct:fol~~~ú~~i~~it1tercrops , as is the case with pure 

stands. is 'determined by soj l téhat~ét.t~ispcs , precipitation, type of fertili zer, 
and crops grown. · · • :_ ,::;: ·-: ... 

In a sandy soi l, bfoadcast a~pjteaiio~ ~poses the fertili zer to more loss 
through leaching than does banct:application . Acid tropical soils often fix 
phosphorus, leading to losses in the availability of this nutrient when soluble 
phosphorus sources are broadcast. Again, band applica tion better protects 
the nutrient from being lost. When half the fertilizer was broadcast and the 
other half applied in bands , the greatest yields were obtained in a cassava crop 
grown on ridges during the rainy season in an Oxisol of Ca rimagua, in the 
Eastern Plains of Colombia. On the other hand, in dry scason plantings on 
flat land , the best results were obtained when all the fertilizer was broadcast 
(Howeler, 198 1). 

In general, soil amendments with low solubility, such as calcitic lime, 
dolomitic lime, basic slag, or rack phosphate, give better results when 
broadcast and incorporated into the soil. With this method, the largest 
possible surface of contact between the amendment and the soil is achieved, 
thus inducing the greatest reactivity. However, fertili zers with high nutrient 
concentration and so!ubility often are u sed more efficiently by the crops when 
band-appl ied . 

Annual crops associated with cassava, such as grain legumes or maize, ha ve 
deep-reaching and finely branched r~ot systems. In contrast, cassava has a 
rather sparse root system WÁth a smaU,number of root hairs, but it is aided in 

~ ~ .. . . 
absorbing phosphorlls, an!l p.ossib!y other nutrients and water, by my-
corrhizal association (Howeler, 198.1 ). This means that the absorption 
efficiency of both cassava .and its intercrops could be similar in spite of 
morphb lQgically different root system~. Therefore, the fertilization method in 
intercropping s,;tstems with cassaya .ma)' be determined more by soil and 
climatic conditions {ind t6e typ~ o·tr; féhilizer to be aplied than by the 
absorptipn character~~Ós óf lP<!!~~~jlJ: -~~ 
Thel!~59.nclusion~1are> s9J?'p$t~~tfi>~~ults obtained at CIAT-Quilichao 

~nd Car~~ta applytng '~-:P7¡G:'"~~áj~q.lt _o r banded to ~~ssava/cowpea 
mtercmp,s. On the phesp'horps;f1x-tpg~ sotl of CIAT-Qutltchao, cowpea 
responded slightly, although nÓ1t~ipc.~!Íy better, to band-applied than to 
broadca,st(phosphorus when triple·sup~hosphate , a highly soluble form of 
phosphorús was used; cassava, however, did not respond differently to 

· broadcasting or banding (Figure 15). At Caribia , no significa n! differences in 
cowpea yields were obtained when nitrogen in the soluble form of urea was 
applied in bands or broadcast. Cassava responded better to broadcast 
application of nitrogen , which could be related toa better uptake ofnitrogen 
by the sparse cassava root system when broadcast rather ~han banded (Figure 
16). In the case of potassium , applied as potassium chlo ride , neither cassa va 
nor cowpea showed different responses to the two methods of applicatio n 
(CIAT, 1980, p. 52-55). 

30 

Th e cult iva! ion of cassava with maize, here in the field of a sma/1 farmer in Ecuador, 
is probab/y th e most common crop association in tropical America. 

. ... .. 
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The association o f cassava with bananas and peanllls. such as thc 
one shown in this photo from Rwanda, is frec¡uently found in Africa. 
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A t ypical sysrem in 1\s•a is rhe intercropping of cassava· under coconut palm rrees. 
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The mmt ap¡uopnaiC' rype ol cassava for association has¡¡ l;tle branchintt. 
erccr ¡::rowrh habir (leh); the early branching, vigorous type (right) is·itoo 
clntnin,lnl (or nlrlny ;¡(.;oriCHinn, ~ .o 
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-<., Grain legumes are especially 
suited fo r intercropping with 
cassava. They can be o( bush 

ryp e (top) o r climbing rype 
(bottom). if adequately 

managed . 

Vigorous cassava var iet ies are 
su ited for associarion with 
m edium -height maize t yp es. 
These characteristics are found 
in th e local cassava cult1var 
Secundina ancl maize variet ies 
such al Suwa n 1. 1hown i n th e 
photo 

Simulraneous planting o( cassava and cowpea In the 60!3 arrangement 
allowed a more balanced distribution of the legume between cassava 
rows anda higher biological production in this system, than did other 
arrangements. The development of the association al 15,50, and 90 days 
alter planting is shown. 35 



Nirronen d eficiency in rhe assoriarion o l ra;;ava ami rowpea can 
reduce cassava growrh without affecting rlw lc>gunw\ procluctivit y. 
Applications o( N . considerably improve cassava\ growrh ami 
productivity, increasing its competitive ability with cowpea. 

Pllosphorus d f'ficif'n cif'> atH/ P lixation in tiH• \Oil c/r,Nic.llly .tlfr•r t 
cowpea growrlt blll do not affpct c,n\ava. " .lfW<if'' wir/l m orc• toiN,ulcr• 

to these cond iriom (le ft, O kgj ha P,O, ). Thc growtlt anc/ ¡¡roductivít y of 
the legume is signífican!ly íncrpasf'd wilh th f' applic.1tion ol rh i, 
c lement , rhus improving it> compPiil ivily (r ighr. /';o kg/ /J,, P:O·.i 
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The aswciarion o{ crops normal/y reduces rhe damage caused b y 
variou\ clisf'a.lf' \ anc/ in sC'CI (lf'"'· 1-lowc>vN, .1houlc/ nne o( thl' 
l(lPCÍPI in lltf' iliiC)('ialion wrrumb lo .111 allack, thc• n l hC'r' 
remain hPallhy. rhm avoiding to tal/o>~. 
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Cassava as a so/e crop was 
complete/y in fested by wPerl< 

after the p reemergenc-1.' 
herbicide app l ie d at p /anting 

hac~ lost i ts effect iveness (to p ). 
/n cont rast , thc cas.<ava/ bean 

.1<soc-iation sh owed an l'x<l' l ll'n t. 

last ing weed con t rol acllievecl 
th rough a combination o f 

chc:>mical and cultural mean< 
(b on o m). 
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Figure 15. Yield response of cassava and cowpea in association to phosphorus fertilizer 
applied in bands or broadcasted. 

Conclusions on /ertilization 
When intensive management is used, the extraction and removal of almost 

all soil nutrients is greater in an intercropping system than in·single culture . 
Thus, special attention must be given to plant nutrition in· association to 
ensure that soil fertility is not quickly eroded. Observations made to date 
indicate that: 

l. Nitrogen uptake is almost doubled in cassava/legume intercropping and 
increased considerably in cassavá/maize associations. Thus, n~trogen 
fertilizer application is required to obtain stable production from the 
associated system. ln this case, adequate treatment might be to add each 

• crop's individual nitrogen requirement to obtain the total amount of 
nitrogen needed for the association. Although this recommendation 
appears to suggest the use of large amounts of nitrogen fertilizer, the 
required application may in fact be rather small if the cass;lVa is 
repeatedly grown in association with efficient nitrogen-fixing legumes. 
This practice not only reduces the amount of nitrogen fertilizer required 
by the associated crop but also, in the long run, enhances the accumula-
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Figu re 16. Yield response of cassava and cowpea in association ro nitrogen fertilizer 
broadcast o r applied in bands. 
Source : CIAT. 1980. 

tion of nitrogen in the soil. In turn, this reduces cassava's requi rements 
for applied nitrogen. 

2. Cassava and its associated c ro ps remove only small amounts of 
phosph orus from the soil. Nevertheless, o n many poor soils, cassava 
legumes, and maize a ll show a more marked response to the applica tion 
o f phosphorus than to that of other elements. This indica tes that a ll three 
cro ps ha ve higher phospho rus requirements in these soils. The dependen
cy of legumes and maize o n an adequate supply of phosphorus through 
fertilizati o n is greater than tha t of cassava which is greatly a ided in 
phosphorus uptake by m ycorrhizal association, making it mo re to lerant 
to low concentra tio ns ofthi s element in the so il. The ma rked res po nse to 
phospho rus a pplication, especially by the associated crops (legumes, 
maize) would suggest tha t in cassava intercropping systems, the phospho
rus requirement of the associa ted crops sho uld be met in the firs t place. 
Cassava would benefit from this application toa greater o r lesser degree, 
and, therefore, it would require a much smaller addi t iona l supply of 
phospho rus than when grown as a sote crop. 

40 

3. If th e soi l is no t drastica lly depleted of po tassium, cassava do es not show 
a ma rked root yield respo nse to the application of this element. 
Nevert heless, cassava roots extract considerable amounts of potassium 
from the soi l which should be returned by an adequate potassium 
fertilization . In a mixed cropping system, the amou nt of potass)u m 
rem oved by cassava roots is normally much greate r than that removed 
with the harvested products of most o ther c rops. A sound fertiliza_tion 
practice in cassava in tercropping sys tems should therefore supply~'tbe 

potassium req uirement of cassava first, add!ng only a small amountp :a 
safty margin for the inte rcrop. .· · ~..,., 

4. When cassava is grown in acid soi ls ~f lo.w 'ftrtilüf,cro p species se tit¿d 
for associatio n s hould ha vean ada'pt? tibn i~O" t'fi~st:condÚions si mil~t\o 
tha t of cassava . Such an adapt_ation -~ s~~ ~~~-lt~~-a··~r ~round~~· 
for example. When these spec1es are¡.growrl;m' á'ssóctáhon wtth cas~ava, 
no cor rect ion for soi l pH with large a·m6unts ofli.rl\e i.~ required , but' the 
demand fo r calcium and magnesium as plant nutriefits should be sati~fied 
by incorporating 500 kg/ ha of calci tic o r, better, doloniitic li!!le (whidh 
in eludes magnesium) befo re planting. J n addi tion, 1 O k g/ ha of zi nc {lfld 
1 kg/ha of boro n are recommended to meet the require111ents for t~~se 
mino r elements, usua ll y in short supply in these soils. · 

5. Most elements o r intercropping systems respond indifferently to the 
fenilizer applicatio n method (band-appliéd or broadcast). There are 
sorne situa tio ns, however, in which a part\cular method is advantageous. 
For instance, it is preferable to band-apply soluble phosphorus sources to 
a phospho rus-deficient soi l that fi xes this element. On the o ther hand, 
low-solubility phospho rus sources, such as rock phosphate a nd basic 
slag, are more effective when applied broadcast or are incorporated into 
the soil. Co'mmercial sources of nit rogen a nd potassium, such as urea and 
po tass ium chlo ride, showed similar effectiveness when broadcast o r 
band-applied in cassava/cowpea associa tions. The minor elements, such 
as zinc a nd boron, ca n be ba nd-applied; however, it is a lso possible to 
spray them (foliar applica tio n) on the crop o r in the case of zinc fo r 
cassava, to treat the cuttings, which is a more economic method tha n 
applying these e lements to the soil. 

Pest Management 

The epidemic o utbreak of pests (insects, diseases , and weeds) constitutes o ne 
o f the most serio us threats to agricultura! produc tion in the trop_ic;s . 
Epidemics a re favored by morphologically :an.a genetically .uniform crpps 

.. ~ .... .#' 

(mo noculturcs) grown o n large extcnsio~s of land (Pimen te l, 196 1; Soúth -
wood and Way , 1970; Nickel , 1973). On t~e -other hand, the ·c_ombinatio'tt ~f 
genetically different crops (not necessa rily witJj_ large morph,ological diffl!t;
ences) grown 1ogether in the sa me fieid does no't . p rovide the unifo rm 
substrate for pests to multiply rapidly and acquire epidemic dir:nensions. Thjs 
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may partially account for the greater stability of intercropping systems 
(Dem pster and Coaker, 1974; Litsinger a nd Moody, 1976; Altieri et al., 1978). 

lnsect pests 
With the except ion of very few examples (Bodkin, 1912; Rao, 1970), 

cassava and the crops most frequently associated with it are attacked by 
different insect pests . This decreases the probability of insect pest population 
build-up a nd damage to mixed plantings . 

lmportant insect pests of cassaya..:._such as the hornworm (Erinnyis ello), 
the shoot fly (Silba pendula), the whi-te fly (A/eurotrachelus and Bemisia spp.) 
and the lace bug ( Vatiga manihotae}-have been evaluated in sole-cropped 
cassava and in cassava/dry bean associations (CIA T, 1977; Thung and Cock, 
1979). In general, the incidence of all these pests was reduced and the lowest 
populati ons were observed as a result of both intercropping and chemical 
control. Table JO shows counts for each insect in the two different cropping 
systems, with and without chemical protection, and gives a mea n percentage 
ofpest reduction dueto the association . In the same way, a reduced incidence 
of the lea'f hopper (Empoasca kraemeri), two chrysomelids (Diabrotica 
ba/teata and Cerotoma ruficornis) , and thrips is observed in the intercropped 
beans as opposed to single culture beans. These observati ons are confi rmed 
by data obtained in Costa Rica (Araujo and Moreno, 1978). 

In addition to indicating the insect-pest control potential of crop associa
tions in the absence of o ther control rrleasures, these results suggest the 
possibility of combining the intercropping production system with modera te 
chemical control measures to obtain even better pest control. Where four to 
six applications of pesticides may be required in a commercial sole crop, one 
or two could be sufficient in association. 

In the cassava/bean intercrop cited in Table JO, fo r example, cassava yield 
was little reduced-by the beans when no chemical control of insect pests was 
carried out; bean yields in single cultpre and in association were almost 
identical, without the application pf chemicals. Therefore, without the use of 
inputs for insect control, it w~ advantageous to ha ve the two crops planted in 
associati~?O , in which case 1 ha produced alrnost the same amount of cassa va 
and beans added together as would ha ve been obtained from 2 ha with each of 
the two crops grown separately in single culture. These results emphasize the 
great advantage of intercropping under conditions of minimal or no use of 
purchased inputs (Thung, 1978). 

Diseases 
Genetic diversity among cfops fiiown ~n association is one of the most 

important'facto rs for modifying the incidence and severity of plant diseases. 
Furthermore, morphologicat dissimilarity can ha ve an additional effect in 
this context, forexample through the formation ofbarriers against pathogens 
disseminated by wind or water. Nevertheless, it is necessary to differentiate 
between pathogens and crop assodations since there are cases of adverse 
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pathogenic effects o n cassava caused by intercro ps, and vice versa. For 
example, information fro n Sri Lanka indica tes that the associa tio n of cassava 
with rubber favors the infestatio n of both crops with the fungus fo mes 
lignosus (Root Disease, 1943). Moreno ( 1979) reports increased incidence and 
severity of mildew (Oidium manihotis) in cassava a ssociated with maize as 
compared to the incidence in cassava in single culture. C. Lozano (personal 
communication, 1981 ) maintains that bo th cassava and common beans are 
attacked by the same soil pathogens such as those belonging to the genera 
Rhizoctonia, Sc/erotinia, Sc/erotiuin. Fusarium. Verticillium. and Fomes. all o f 
which cause rotting o f both roots and hypo~otyls. 

However, these situations may be con-sidered exceptions since a much 
Jarger number of examples can be cited showing the favorable effect o f crop 
mixtures in reducing disease incidence and severity. Larios and Mo reno 
(1976) and Moreno (1979) analyzed the disease situatio n o f different crop 
associations including cassava. They fou nd that the cassava/maize associa
tio n d elayed the development of superelo ngatio n of cassava (Eisinoi! brasilien
sis) and, a t the same time , reduced the incidence and severity of rust 
(Uromyces manihotis). The same authors confirmed that a cassava/common 
bean ass0ciat ion reduced incidence and severity of m ildew, superelongation, 
rust (Table 11 ), and anthracnose ( Colletotrichum sp.) under the conditions 
found in Turrialba·, Costa Rica . Two repo rts from Nigeria (Arene, 1976; Ene, 
1977) show that cassava bacteria! blight (Xanthomonas manihotis) is reduced 
when cassava is intercro pped with maize or melo n . A possible reaso n for th is 
is tha t intercro pping provides a better and earlier soi l cover, avoiding the 
splashing of bacteria-infested soil particles to the lo wer leaves of cassava 
(Table 12). 

Cassava itself a lso influences the pathogenic situatio n of the intercrops , 
however, with differences depending o n the cro p and the pathogen . There 
seems to be no information regarding changes in disease incidence on ma.ize 

Table 11. Maximum incidence and severity of cassava rust (Uromyces 
m•nihotis) in five different cropping systems at CAllEa, Costa 
Rin. 

Ma ximum 
inc ide nce 

Cropping system (%) 

Cassava 67.7 
Cassava/ sweet patato 60.0 
Cassava/ maize 52.6 
Cassava/bean 56.6 
Cassava/ maize/ bean 47.2 

a. Centro Agronómico Tropical de Investigación y Ensellanza. 
Source: Moreno. 1979. 
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Maximum 
severity 

(%) 

2.85 
2.11 
1.86 
1.67 
1.17 

. ·-
.. • . . ft .• 

Table 12. Effect of a cassava/ corn/ mélon .a~~o¡ia!ion Ó,n the incidenée~of 
c~ssa~a bacterlal blight f?<•~t~~'!.t_?nst m,•n~/Jops) in Umu~}~~. 
N1gena. . .. 1, · • • t .• 

Croppi ng system 

Cassava 
Cassava/ maize 
Cassava / melon 
Cassava/ maize/ melon 

·· : 

Average incidencea 
(%) 

20.3 a 
1~. 9 b f.t-

~· 
1.8.9 b 
14.1 b 

a. Means on the same column lo llo wcd by the same le tter are not signilicantly dillerent at P = 0.05 
Source : Ene, 1977. 

Table 13. Severity of angular leal spot (lsariopsis griseo/a) in diffe rent 
cropping systems at CA TI Ea, Costa Rica. 

-Severit y in three development stages of beans 

Cropping sys temt> 

Bea n 
Bean/ maize 
Bean/cassava 
Bean / sweet potatod 
Bean / maize/ sweet potatod 
Bean/ mai ze/cassava 

Pre-f lowering 

10.23C 
10.31 
10.8,1 
10.26 
10.46 . 

10.26 

a. Centro Agronómoco Tro pical de Investigación y Ensei'lanza, 
b . Simultaneous plantong. 

Flowering Creen pods. 

14.37 19.56 
17.77 21.33 
13.61 18.88 
13.13 18.89 
16.11 21 .0J 
16.40 21.4'4." 

.J t ; 

c. 0dtd caku laterl a< rording to a modilied M< Kinne~ index and translo rmcd with (X+ o_s¡llt 
d . Swcet potato was plante d 30 days la ter than beans: 
Source : Moreno. 1979 ' ·, . 

. ,. 
when intercropped with cassava, but infórmation is available for comtnon 
beans and cowpea. Mo reno ( 1979) showed that the epidemiological develop
ment of angular leafspo t (Jsariopsis griseo/a) in beans was slower in 
associa ti ons with cassava and sweet pata to, whi le the development was fas ter 
in associa tion with maize (Table 13). The a utho r suggested tha t the favorable 
influence of cassava could consist in its canopy avoiding the direct impact o f 
raindrops o n beans, since the dissemination ofthe disease occurs through the 
splashing of raindrops with inoculum (Cardona an" Walker, 1956). 

Mo reno ( 1979) a lso studied the infectio n of cowpea by vira l diseases , s uch 
as cowpea common mosaic and cowpea chlorotic mosai:: diseases, which are 
transmitted by chrysomelids. In a simultaneo us cassava/cowpea planting, no 
difference in the progress of viral diseases was o bserved between single
culture and intercropped cowpea. Ho wever , when cowpea was plan ted under 
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fully developed cassava a t the end of its growth cycle, both the progress of 
infec tion and the maximum degree of infection with the two vi ruses was 
reduced , compared to cowpea as sote crop. A reduced activity of disease 
vectors at reduced le ve is of sola r radiation below the cassava foliage was most 
likely the ca use for the lower viral inc idence in the cassava/cowpea 
association. 

In general te rm s. thc examples cited above show the potential of cassava 
intercropping systems to reduce disease problems. For the management of 
diseases in cassava-based intercro pping systems, this means a reduced 
requirement for agrochemical inputs, as is the case with insect pests. 
Nevertheless, the indiscrim ina te associa tion of crops, which m ay ha ve o ne o r 
more pathogens in commo n , ca n favor the de velopmen t of d iseases under 
specific conditions. An adequate management of diseases in in tercropping 
systems should take this into acco unt by av_o iding the association of crop 
species with potential for aggravating rather tha n a llevia ting pathogenic 
problems. 

Weeds 
One of the advantages of growing in ore than o ne crop in the same {ield is 

the better coverage obta ined fro m the beginning with the association . This 
diminishes light penetration to the soil , which, in turn , reduces weed growth . 
Cleave (1974) holds that intercropping systems could have originated 
specifically as a result of the low ~etd-cbiltrol inte nsities necessary under 
conditions of intercropping. 

Bio/ogical potentia/to reduce weed problems. In a cassava so le crop, the 
problem of space no t covered by the c rop canopy during its early growth is 
particulárly severe since the crop has slow initial growth and requires wide 
spacing to accommodate la ter growth. It is for these reasons that an intercrop, 
which rapidly covers the soi l without competing excessively with cassava, can 
make an importa nt contribution to cultp ral weed contro l in cassava. 

Leihner (CIA T, 1978, p . A64- A68 ; Leihner, 1980a) analyzed weed growth 
in a cassava sote crop compared to a cassava/common bean intercrop at 
CIAT-Palmira in Colombia. Witho ut other control measures, the sole 
practice o f intercropping beans with cassava reduced to tal weed dry weight to 
30,47,and 33%oftheamountobserved in thecassava solecro pat45, 90.and 
135 days after planting, respectively. The reduced weed weight at 135 days 
indicates that the associated beans had a residual control effect , since this 
crop had been harvested 105 days after planting. Only at 180 days after 
planting were equal amounts of weeds found under b o th cassava sole crop 
and cassava/bean intercrop conditions (Figure 17). 

In the association, cassava yield was the same with or without additional 
chemical and ma nual weed control measures; however, in single culture, 
cassava suffered a yield reduétion of 30% when no chemical or manual weed 
control was practiced. These results again highlight the advantage in 
production s tability b y intercropping under conditio ns o f minimal use of 
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f igu re 17. lncrease o l weed dry weight in cassava sole crop compared to the in crease in 
a cassava/ bean association. (No o ther weed control methods were used.) 
Source · CIAT. 1978; leihnt>r, 1980a 

purchased inpouts . At the same time, they suggest that crop associa tion may 
be an adequate production system fo r the small farmer who normally lacks 
the capital to buy inputs. 

Effective a nd stable weed control was obtained when cassava was 
associated with a perennial legume (Desmodium heterophyllum). After its 
establish ment phase, which !asted about 50 days, soil coverage and weed 
control were complete until cassava was harvested. A reduction in cassava 
yield o f 18.9% was observed when this.crop was grown in association with the 
legume, compared to clean-weeded sóle-crop cassava. The yie ld reduction 
was possibly due to the low but prolonged competition from the legume's 
green cover. This, however, may be considered a low price paid to maintain 
cassava weed-free during its entire growth cycle (CIAT, 1979, p. 54- 57; 
Leihner, 1980a). 

Chemica!ll'eed control. One of the factors limiting the use o f herbicides in 
intercropping systems has been the lack of information on their selecti vity 
and effectiveness when used in a mixed cropping situation. This lack o f 
information is a result of herbicides usually being developed for the large
scale, commercial , single-culture, cash-crop situation and not for the small 
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farmers' food crops. Taking this into account, research was initiated to 
identify prod ucts or product mixes, doses, a nd application methods suitable 
for chemical weed control in cassa va-bascd intercropping systems. As a result 
of this investigation, several pre-emergence herbicides ha ve been found which 
can be used in crop associations of cassava with maize, common beans, 
cowpea , mungbean, and groundnut (ló pez and Leihner, 1980). One of the 
identified mixtures m ay al so be u sed for the triple association of cassava with 
maize and yams (Table 14). 

In additi on to selecti ng herbicides for individual cro ps, the farmer can 
apply two principies to increase this selectivity: using half the recommended 
dose of the herbicide a nd applying the het f?icide before pla nting. Using low 
doses (e .g. , half-rates) of herbicides reduces the risk of a phytotoxic effect; at 
the same time, however, weed control efficiency a nd the duration of the effect 
are decreased. 

Intercro pping do~s provide a n earlier soi l cover than sole cropping, thus 
reducing the need for a long-lasting pe riod of effective weed control. With 
respect to time of applicati on, better select ivity is obta ined when pre
emergence herbicides are not applied immediately a fter planting (i .e. , befa re 
the emergence of the crop) but severa ( days or even severa( weeks before 
planting. This is possible especially with pre-emergence herbicides with a 
,prolonged residua l effect. For example, a significan! increase in the selectivity 

Table 14. Preemergence herbicides for crops associated with cassava. 

Product 
or Dos ea 

mi xture (kg A.l./ha) 

linuron 0.25 - 0.50 
+ flu orodife n 1.50 - 2.10 

Linuron 0.25 - 0.50 
+ metolachlor 1.00 - 1.50 

Oxadiazon 0.25 -0.50 
+ alachlor 0.90 - 1.40 

Di u ron 0.80 - 1.20 
+ alachlor 0.90 - 1.40 

Oxifluorfe n 0.25 - 0.50 

Time of 
application 

Post-planting 

Post-planting 

1-2 wee ks 
befare or after 
planting 

Post-planting 

1- 2 weeks 
befare or afte r 
planting 

Selective for association 
of cassava with : 

Common bean , cowpea , and 
mungbean 

Common bean , cowpea, 
mungbea n, groundnut, 
and maize 

Maize 

Maize and taro 

Groundnut 

a. The doses indicared above are used as roll ows: lo" doses on lighr sorls and high doscs on heavy 
soils. Qua nlilies individudlly indicared for each producl are combin<'d 10 obrain !he lank mix. 

Source: lópez ancl leihner. 1980 
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of a pre-emergence herbicide (oxyfluorfen) was observed at CIAT-Palmi ra in 
a cassava/ groundnut association when the product was applied befare, 
instead of after, planting. 

lnregrated control. Frequently, the combinatio n of different weed control 
methods results in a better and more economica l control. At C IA T-Palmira, 
effecti ve and economical weed control was achieved by intercropping cassava 
with common beans, profiting fro m the earl y ground cover provided by the 
beans and using a pre-em ergence herbicide as a complementary weed control 
meas u re . The sa me herbicide was al so applied to the cassa va sol e crop, but its 
effect had already disappea red 90 days after planting. Meanwhile, the 
integrated effect of in tercropping and herbicide use maintained an excellent· 
weed control for more tha n 6 months after planting (Figure 18) (C IAT, 1978, 
p. A64-A68; Leihner, 1980a). ··.· 

Integrated weed cont rol was a lso tested at Caribia on the Colombian nortt1¡• 
coast where purple nutsedge ( Cyperus rotundus L. ), a weed difficult to control, :: r .. 

·r ' "J.. 

)~:-. I LSD 5% 
800 

.•. 
~' 

600 ( 
Cassava sole crop 

e 
~ Cassava/ bean association 
.:é 
1>0 400 ·¡¡ 
~ 

~ 
>-
-ti 

1 
~ 

200 

0 ~~-----L--------L-------~------~ 

Fr¡;ure 18 

o 45 90 135 180 

Oays alter plantíng 

lncrCJSP o f wced dry weight in a cassava sole crop comparcd to rhe rncreaS:c 
in a cassava/ bean associatron. (Addir ional wecd con~rol was achreved b'y 
applying a preemergent herb icide at pla nting.) 
Sou rC<' CIA T. 19711. L<'rh ncr . 1980a . 
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Figure 19. Percentage of ground cover in an integrated purple nutsedge control system 
t ria l. 
Source: l eihner et al., 1980. 
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predomina tes. He a vil y infested plots (2300 tubers of purple nutsedge/ m2 toa 
depth of 25 cm) were treated with mechanical , chemical, and cultural weed 
control meas u res. The mechanical method consisted ofharrowing during the 
dry season to expose purple nutsedge tubers to desiccation prior to planting. 
Chemical control was done by applying a pre~emergence or a mixture of 
pre-and post-emergence herbicides.4 Cultural control was achieved by 
shading o ut purple nutsedge to different degrees in four cropping systems: 
cassava single culture, cassava/mungbean intercropped , mungbean single 
culture, and no cultivati o n. 

In cassava single culture, a ground cover of 80% or more was attaíned 
60-90 days after planting anda 80-100% cover was then maintained until 
harvest. Ca nopy formation was fa ster with glyphosate applied than without; 
and the harrowing plus glyphosate treatment provided the earliest cover. In 
this experiment, the purpose of intercropping cassava with mungbeans was to 
provide an earlier ground cover than is possible with a cassava sole crop, ín 
order to obtain shading before pre-plantíng treatments lost their effective~ 
ness. The intercrop fulfilled its purpose: a ground cover oC 80-90% was 
obtained o nl y 30 da ys after planting, irrespective of harrowing or herbicide 
treatment. The fast-growing sole crop of mungbeans quickly covered the 
ground, but this cover was not maintained very long dueto íts short growth 
cycle (Figure 19). A good and stable control in cassava single culture was 
obtained from the combined harrowing and glyphosate treatment, with 
control from cassa va shade becoming effective befo re the pre~planting weed 
control treatments had lost their influence. However. a comparison among 
planting systems revea led that the cassava/mungbean intercrop provided the 
earliest and most effective control of all systems (CIA T , 1980, p. 49-5 1; 
Leihner et al., 1980). 

4. A tan k mix o f linuron and nu orod ifcn at 0.5 and 2. 1 kg A. 1./ha was u sed as the pre-emergent 
herbicide . G lyphosa tc was used as thc post·eme rgent herbicide. 
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Evaluation of 
Intercropping .SystemS: 
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lnte rcropping as a production system is adopted both fo r biolog~al and 
economic reasons. lt is well known that a given area planted to two or more 
crops in a ssociation can give a greater total production than do these same 
crops when grown separately on the same to tal la nd area. However, 
bio logical productivity of a n agricultura! system is no t the only importan! 
aspect; the economic result obtained with intercropping in relat ion to single 
culture is a no ther decisive aspect in the evatvation of a production system . 

In subsistence farm ing, most of the agricultura! production is consumed 
directly on the farm and therefore, biological productivity is of paramount 
importance. On the o ther hand , an increasing weight has to be assigned to the 
economic result under conditions of transition from subsistence to commer-· 
cial farming, where increasing amounts of the agricultura! produce are sold 
outside th e farm. · --

Biological Efficiency 
. '( 

IRRI ( 1973, 1974) and Mead a nd Willey (1980) ha ve proposed a concept for 
the evaluation of the biological effici ency ofintercropping systems which·at 
the same time is the efficien-cy of la nd use. They have named it the " land 
equivalen! ratio" (LER) concept. lt is useful to express a nd evaluate: . . 

• The advantage or disad vantage, in terms of bio logical production ,; <?f 
intercropping as compared to single culture (maximum production .. 

• ~ J \ . 
cnterion). . 

• The efficiency or inefficiency of one system 'as compared to another o n.e 
with regard to Ia nd use (leas! area criterion). 

• The advantage o r disadvantage of one combina tion of crops o ver another 
one (crop combination comparison). 
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• The advantage or disadvantage of one agronomic practice over another 
one wi th in the intercropping system (agronomic practices comparison). 

Furthermore, the LER concept is a l so useful in assessing crop competition, as 
will be shown later. The LER concept is applicable when the crops grown in 
association are o f equal acceptabi lity to farmers-that is, when they assign 
equal priority to the crops participating in the association. 

Mathematically, the LER is the su m of two or more quotients (according to 
the number of crops in the association) and is calculated as follows: 

_ _ Ax Ay 
LER - Lx + Ly - --+--

Px Py 

where Lx and Ly are the individual LER's of two crops, X and Y. Lx is 
obtained by dividing the yield of crop X in association (Ax) by the yield of the 
same ¡::rop in pure stand (Px). Ly is the result of dividing the yield of crop Y in 
association (Ay) by the yield of that same crop in pure stand (Py). 

Acor.dingly, when toree crops are in volved in the intercro pping system , the 
LER of the system is the sum of the individual LER 's of ea eh of the three 
crops: 

Ax Ay Az 
LER = Lx + Ly + Lz = -·- +- +-

·· Px fy Pz 

It is clear that the LER, strictly defined by its calcula tio n, represents the 
relative land area cultivated in pure stand necessary to obtain the same 
production as is obtained in intercro pping. Normally, due to competition 
among crops in association, the yield of each component crop is grea ter in 
pure stand than when intercropped. Therefore, less area is required for a 
single crop to atrain the same production in pure stand than in associa tio n. 
This is refl ected by Al P values normally smaller than unity. Nevertheless , a 
greater total area is needed for crops grown in pure stand to reach the same 
total productio n as is obtained in intercropping. This is beca use the sole crops 
are grown separa tely and the individual areas occupied by them ha veto be 
added to arrive at the totalland area necessary for a p roduction equal to that 
obtained in intercropping. 

The main purpose of this text is to propose im proved agronom ic practices 
forcassava intercropping. With the help ofthe methodology explained above, 
weare now able toevaluate sorne ofthese proposed practices in the light of the 
LER concept. 

Relative time of planting 
At CIA T-Palmira, LER vii lues were calcula ted for cassava/common bean 

associations, beans being planted before, at the same time, or after cassava. 
Generad y, greater LER values were obtained when beans were planted before 
cassaya. ·This was probably due to the fact that cassava yields were less 

54 

2.0 

.2 1.8 
~ 
e: 

1.6 Cll 
-;;¡ 
> 
'3 

1.4 cr 
Cll 

"Q 
e: 1.2 
~ 

1.0 
6 4 3 2 o 2 4 6 

~ Weeks before - --- -+--- Weeks al ter --1 
Date of bean planting relative lo cassava 

Figure 20. lnfluence of various relative planting dates on the land equivalen! ratio (LER) 
of a cassava/bean association. 
Source: Thung and Cock, 1979. 

affec ted by early bean planting (when bean yields were greater), than bean 
yields were affected by late bean planting. (Relative yield data is presented in 
Figure 3.) The greatest LER value was achieved by planting both crops 
sim ultaneo usly, which demo nstrates the comparative advantage of this 
practice a nd confirms that greatest total biological yields are thus o btained 
(Figure 20; Thung and Cock, 1979). Calculatio n of the LER, as shown in 
Figure 20, was based o n corresponding sole crop yields from each planting 
date to correct for the planting date effect o n bean yield . In this way, no 
comparison is made between intercropping a nd single culture ; instead, a 
comparison is established between different intercropping practices. 

Planting density 
Combina tions of two variet ies each of cassava and beans were planted a t 

C IAT-Palmira to determine the effect of cassava plant ing density on total 
productivity a nd efficiency of the intercropping system (rela tive yield data is 
presented in Figure 5). A more or less constant LER was found in three o f the 
four combinat ions across a wide rang;; o f cassava planting densities. This 
indicates that no rmal, single-culture planting densities can be used in 
in tercropping withou t sacrificing the total biological productivity a nd land 
use efficiency of the association (C IAT, 1977; p. C 12 - C l 3; Thung, 1978). 

T he same behavior was observed in a tria! at CIAT-Quilichao using a range 
of cowpea planting densit ies in a cassava intercrop. LER values were 
calculated based o n cassava sole-crop mean yield since cassava sol e crop plots 
we~e standa rd th roughout the tria!, and using the yield figure of the best 
cowpea sole-crop treatment. In this way, a true compa rison between sol e crop 
and intercro p efficiencies was established. The LER of the system was almost 
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Figure 21. Effect of the variat ion in planting densities o l cowpea in associatio n with 
cassava, at constan! density, on the land equiva le n! ratio (LER) ol the 
system. 

stable throughout cowpea densities between 7 and 15 plants/m2• This 
confirms that, similar to cassava, sole crop densities (8-11 plants/m2) 

currently used for cowpea in association do no t reduce the efficiency of the 
intercropping system, but ensure high productivity (Figure 21 ). 

Fertilizer resp onse 
When a erop's yie,ld responds positively to fertilizati on, this response can be 

ofthe same degree in associatio n or in single culture; but it can also be more 
pronounced in single culture where n o nutrient competi tion from a second 
crop is present. In the first si tuation, a consta nt yield difference is maintained 
between single and intercropping situations; in the second, an increasingly 
greater yield is observed in single culture as the fertilizer leve! increases. As a 
result , the individual LER of one crop remains constant o r decreases with 
increasing fertilizer levels. 

A third situation arises when there is strong nutrient competition between 
the crops a t low fertility levels, and la rge amounts of fertilizer a re applied to 
compensa te for this competition. In this case, the crop 's degree of response is 
greater in intercropping than in single culture, leading to increasing LER's 
with increasing levels of fertilization . Furthermore, when soil fertility 
increases, the LER is affected by changing degrees of competition between the 
crops in association. In a maize/soybean associa tion, high nitrogen levels 
drastically increased the competitiveness of the maize, leading toa significan! 
yield reduction of the intercropped soybean. As a consequence, the LER of 
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Figure 22. Elfect ol N and P levels on the land equivalen! rat io (LER) in associations o f 
cassava and cowpea. 

the system decreased with each increment o f nitrogen (Co~dero and 
McCollum, 1979). 

A similar situati on was observed with increments of phosphorus in' a 
cassava/cowpea intercrop grown a t CIAT-Quilichao . Begirming with tbé 
second increment of phosphorus, cowpea gained over-propo rtional competiti
veness compared to cassava , showing the sa me yield response in association 
as in single culture and at the sa me time causing a yield reduction in cassava'. 

( ' 
Thi s resulted in a small LER~ reduction after a n initia l increase. With 
continuous ph osphorus increments, the LER was stabilized, suggesting that 
the phosphorus level resulting in the greatest efficiency was 22 kg P/ ha 
(Figure 22A) .. 

Ano ther type of response of the LERs was found when a cassava/cowpea 
associa tion was fertilized with increasing levels o f nitrogen at Caribia. 
Cassava, responding with a yie ld reduction to increments of nitrogen in single 
culture, showed a strongly positive yield response in association , which 
resulted in individual LER values for cassava greater than unity. This 
ci rcumstance, together with the absence of a varia tion in the nitrogen 
response of cowpea (a constant relation between so le crop and intercrop yield 
was maintained over all nitrogen levels), led to an increment in the LER oft he 
whole system, beginning with the fi rst increment of nitrogen , reaching LER 
values of el ose to 2 at higher nitrogen le veis (Figure 228). This high efficiency 
in the utilizatio n of nitrogenous fertilizer was achieved due to the fact that 
cassava in associa tion showed a positive yield response to nitrogen without 
modifying the competition situa tion between cassava a nd cowpea. This was 
true beca use the effect of ni trogen on cassava top growth was effective mostl y 
after cowpea harvest. 

The I.F R was calcula tcd based on corresponding so le crop yields of cassava and cowpea, thus 
allowong the comparison among trea tments within the intercropping system. 
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Positi·ve effects of nitrogen fertilization o n the LER of different inte rcrop
ping sy.stems were al so reported by Oelsligle e t al. ( 1976) a nd Cordero a nd 
McCollum (1979). 

The time factor 
The straightfo rward comparison of land requiremen t for a certain total 

biological production in single culture as opposed to intercropping by means 
of the LER is undoubtedly va lid and useful. However, crop production is not 
so lely a function of land area, c rop, management , and environment as implied 
by the LER, but it is also related to the duration of crop growth, or time 
during which the land is occupied by a crop or crop combinatio n . Pa rticularly 
in more complex cropping patterns, including relay intercropping as a 
practice, the time span during which the whole sequence occupies the land will 
be different f ro m the duration o f any individual crop grown in single culture. 
It is, therefore, importan! to account for this time effect on the productivity in 
either system. A concept called " area time equivalency ratio" (ATER) has 
been developed b y Hiebsch ( 1978). The A TER is calculated as follows: 

n t":f Y! 1 n 
ATER = 1 1 tA:f E -- --- = - E 

i= l ti y M 
i 

,J i = 1 
1 

where 

tM 
i 

= growing period of c·rop i in monoculture 

1¡ = total time of intercroppi ng sys tem 

Y! = yield (t/ha) o f crop i in inte rcro pping 
1 

Y!. 
1 

-
Y":f 

1 

YM = yield (t/ ha) of crop.i in single culture, and 
1 • 

n .: • = total ·. number· of" crops in the system 

When sote crops receive the best possible agronomic management , and 
there is' no difference in the management level between sote c rops and 
intercrops, the A TER compares the relative p roductive capacities o f the crop 
in the two systems, indicating which sys tem was more effective in the use of 
a rea and time to produce a given quantity of yield . An example (rom 
experim'ental work with cassava/common bean intercrops ma y help explain 
how the ATER concept may be used to evaluate cropping systems. 

Five different cropping sys tems-a cassava sote crop; intercrops of 
cassava/bush bean a nd cassava/bush bean/climbing bean ; an associa tion o f 
cassava/climbing bean; and two bush bean single cultu'res-were grown at 
C1A T, according lo the chronographs shown in Figure 23. In all systems with 
cassava, two basic management practices were tested: defoliatio n and 
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1 Bush beans 1 Oush beans 1 

1 Aug' Sep ' Oct ' Nov' De e' Jan ' Feb ' Mar 
1 
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1
M ay 

1 
)un 

1 
Jul 1 Aug 1 Sep 1 

1977 1978 

Figure 23. Chronograph of cassava/bean cropping systems trial (CIAT, 197.8). 

nondefoliation of cassava prior to climbing bean planting. Table 15 provides 
yield figures for the three crops in each of the five systems: based o n these 
figures, LER and A TER values were calculated for the double and triple 
associations. LER 's were high, particularl y in the triple association and in the 
cassava/climbing bean association. when defoliation was practiced, sugges
ting that two to three times as much land would have been required to 
produce the sam.e quantities of cassava and beans in single culture as was . 
necessary with intercropping. When the time factor was taken into account, 
however, a generally smaller advantage of intercro pping was evident. For 
example, the cassava/bush bean/climbing bean intercrop (with defoliation of 
cassava), which was 204% more efficient in land use than the respective single 
cultures, as calcula ted by the LER, proved to be only 56% ~ore efficient when 
the time factor was taken into account (A TER concept).: 

This appears logical when a comparison o farea-time requirements is made 
fo r the different sys tem s instead o fa straightfo rward comparison of land are a 
requirements. Area-time efficiency is reduced in any system dominated b y the 
long-land occupancy of cassava . . 

lt is evident fro m these results Üuit , a lthough the LER is a use fui concept, it 
may lead toan overestimatio n of a system's efficiency, in particular when a 
larger number of crops participate. The ATER concept is a much stric ter 
cri te rion, allowing evaluation ofboth area and time as determina nts of system 
productivity. 

Crop competition 
According to Willey and Rao (1980), the LER concept is a lso hepful in the 

evaluatio n of the degree of competition between inte rcrops: that is, in an 
associa tion, an individual crop's competitiveness ca n be established in 
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Table 15. Yield of cassava and beans, land equivalen! ratio (LER) and area
time equivalency ratio (A TER) in various cropping systems al 

CIAT -Palmira. 

Yie ld (t/ ha) 

Cassava 
Cropping system fr esh root Bush bean 

Cassava defoliated 

Cassava sole c rop 18.9 
Cassava / bush beans 17.9 2.0 
Cassava/ bush beans/ 

cl imbing bea ns 19.0 2.0 
Cassava/cl imbing 

beans 20.9 
Bush bean sole crop 2.2 
C.V. (%) 29.8 6.2 
SD 5.7 0.3 

·cassava undefoliated 

Cassava sole crop 28.2 
Cassava/bush beans 23.0 2.0 
Cassava / bush beans/ 

climbing beans 24.8 2.0 
Cassava/cl imbing 

beans 31.4 
Bush bea n sole c rop 2.2 
c.v. (%) 23.7 6.2 
SD 6.3 0.2 

Climbing 
bean 

-

1.7 

1.4 

1.5 

12.7 

0.2 

-

0.6 

0.5 

1.5 

30.3 

0.2 

LER ATER 

1.86 1.19 

3.04 1.56 

2.05 1.36 

1.73 1.07 

2.19 1.24 

1.45 1.20 

comparison to the other crop. In a two-crop associa tio n , the " competitive 
ratio" (CR) is calculated by simply dividing the individua l LER of o ne crop by 
that o f the other crop, and correcting the result according to the space 
assigned to each crop. T he CR for crop X in associatio n wi th c ro p Y is then : 

CRx = fA x .. Ay ] Sy 
[1\Tx · My Sx 

where Ax and A y are the yields of crops Xand Y in associa tion, and Pxand Py 
represent the respective single culture yields. S y is the re la ti ve space occupied 
by crop Y, and Sx is the relative space occupied by c ro p X. The CR of c ro p Y 
is, by definition, the reciproca! value o f C Rx. 

An example from the previo usly repon ed work o n the effect of planting 
densities and spa tia l a rra ngements in cassava/cowpea intercro ps demon-
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st ratcs the usefulncss of th is concept fo r the interpretation of results and for 
the determinat ion of advantages o r disadvan tages of diffe rent agronomic 
pract ices in crop associa tions. 

Cassava pla nted ata constant spacing of 1.80 X 0.60 m was intercropped 
with cowpea at 80,000 plants/ha distributed in two rows at 0.45-m distance on 
either side of cassava (see Figure 9, arrangement 45/ 2). Across rows, the 
whole system occupies 1.80 m-ofwhich0.45 m was occupied bycassava and 

• · . . . .. 
1. 35 m by cowpca-result ing in a J:3 rela tionsh ip between cassav~. and ., . .. ·-.... . : 
cowpea. Cassava yie lds in associat ion were 40.9 and in pure stand 22.~tí'ba of 
fresh roots. Cowpea grain yields w~ re ~¡ 1 6~-a'Tid 1653 kg( ha in associa.do~and 

, ·• 1 ,\ y. " 

single culture, respectively. The C R of cássava, based o n these yie ldS,1was: 

t20.9 . 11 65] ,_2_ = 3.89 C Rcassava = 
22.9 . 1653 1 

'· 
' 

Wh;l<thot or cowpca wa" [ 1165 , 20.~] ~e" 0.26 

C Rcowpea = 1653 22.9 3 

The cxa mple shows that with the agronomic management described al:>ove 
(arra ngemen t of cowpea in two rows distant from each o ther but rela tively 
el ose to cassava, combi ned wi th a low cowpea-p lant ing densi ty), cassa.va was 
the dominant crop in the association, being a lmost fo ur times more 
compet í ti ve tha n cowpea. In spite of the uhila te rally favo rable condit ions for 
cassava. a to tal LER o f 1.63 was achieved. This expresses the high overa ll 
efficiency o f the system. 

Conse rvi ng the planting density and spatia l arrangement o f cassava, but 
pla nting cowpea in a more even dist ribution and, at the same t ime, raising its 
p lanting density (60/3 a rrangement, 140 ,000 p la nts/ha ), the competitive 
ra ti os were: 

C Rcassa va = [ _!22_: 1357 ] 
22.9 1623 

-=--= 0.93 

[ 1357 : _!22_] ~= 1.08 C Rcowpea = 
1623 22.9 

Thc C R values sho w that, with this .agrono mic managemen t, ana)_most 
com plete balance was achieved bet ween ~h<: two species .6 In this case.ic'Clwpea 
was slig htl y more competitive than cas_saxa. To tál LE~ of the SYS\6rTI was 
1.61. !· . - . .• 

6. ·¡ he dt~trobuunn of sp,"c ata 1: 1 rallo 1~ aga 111 explaincd b y ob;crving Figure 9 . CoW¡,ea in the 
60/J a r ra ngemen t wa> pla nted in thrcc rows with JO cm bctwecn them. The two externa! 
wwpca rows ca eh nccupied 15 cm : i .e . . the total space occuptcd by cowpea i' 15 +JO~ 30 + 15 

90 (111. wl11ch " hall that of thc cntire 180-cm S.'stcm. 
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One problem in using the C R index is the contribution of the arca
distribution factor (51./Sr). which is particularl y large in the first example 
and accounts almost enti rely fo r the large differences bet wccn C R 's of cassa va 
and cowpea, while the yields themsel ves contribu te little to this difference. 
However, e ve n when the .ratio of the co mponen t L ER 's a Io n e is considered. 
C R's of 1.30 and 0.77 a re p bta ined fo r ca ss.ava and cowpea, respcctively. Th is 
shows that in all cases cassava was mo re competitive than cowpca under the 
given agronomic conditions. In the second example, the eliminat ion of the 
area-distributio n fac tor does not affec t the CR's since the S)I/Sx value is 
unity. AnaJyzing the competitio n between cassava and cowpea ·in the prescnt 
example b y means of the C R concept , it is evident that the agronom ic 
management o f an intercropping sys tem allows a drastic change in the 
competit iveness of its components in o rder Lo give preference to o ne or the 
other, orto maintain a balance between them. d epending o n the productions 
desired . T his does no t necessarily affect the efficiency o f the system as a wholc 
as measured by the LER. 

The C R concept, then, is a useful instr ument for quant ifying the 
competit iveness o f c ro ps in an associa tio n . lt is thus possible to verify the 
effect that different management practices have on this paramcter. 

Economic Evaluation 

Economic evaluation is no more tha~ an assessment of the productivity o f 
different inte rcropping alternati ves using c riteria utili zed by the farmer. 
These criteria will obviously depend o n farmers' objectives, which, in turn, 
will depend mainly on whether the farmer produces principally for subsistence 
orfo r the market. In Latín Ame rica, a t least, most cassava is produced for the 
market, which allows the different intercro pping sys tems to be eva luated in 
terms o f comme¡;¡::ial va lue . 

Comparison between systems • 
In comparing alternative intercro pping sys tems, the re are severa! advan

tages to assessing productivit y differences in value terms as given by market 
prices, namely: 

l. It is possible to aggregat~ the different cro p outputs and different in puts 
using ·a common unit of m easure; 

2. Quality diffrences can . be taken into account; 
3. The researcher can eva luate different a lte rnatives o n the sa me basis as the 

farm t: r. 

The eco nomic evaluation wi ll the refore assume tha t the farmer chooses 
between c ro pping sys tem'.a lte rnat ives o n the basis of g reatest ne t income: tha t 
is, the value of the c rop o utput min tts the relevant production costs. The net 
income tneasu re is e ffect ive in se l_ecting between different cropping sys tem s. 
especia llS' when: . · 
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l . There is competi t ion between the associa ted crops and the issue a rises as 
to whether to inc rease rela ti ve yield o f cassava ove r the ot he r crop (see 
Crop compet itio n) or vice versa: 

2. There are major differences in input levels and therefore prod uction 
costs; 

3. T here are differences in the re lative va lue of the crops between regions, 
which may a lter which sys tem is most profitable. 

Moreover, the system with the largest net inco me may be different from the 
system with the highest land equi va len! ratio (LER). The LER principally 
differs from the net income meas u re in tha t in the calculatio n ofthe LER each 
crop has equal va lue, a nd differences in productio n costs a re no t taken into 
account. Th us, assessing b iologica l productivity must be Jogica lly sepa rated 
from an assessment on the basis of profitability. 

Profitability assessment of associated cropping systems 
Simple profitability ana lys is (also known as part ia l budge ting) will, for 

brevity, be discussed in terms offour principal o perations: (a) specificat ion of 
sys tem alternatives, (b) ca lculation o f gross benefits, (e) determ.ination of 
productio n costs, a nd (d) calcu lat io n of net income o r benefits. (For a more 
thorough d iscussion of these operations, see Perrin et al., 1976.) 

The economic anal ysis, in its simplest form, seeks to determine wh ich is the 
most profitable alternative. Given the nature of experimental data , this 
analysis is almost a lways done on a per-hectare basis. T he first operation is 
thus to specify the various alternatives. These will include a ll t hose po tentially 
usable by the fa rmer and will include bo th the different cropping systems and, 
within any particular system, those cultural practices that resu lt in changes in 
production costs or eventual yield . An example fo r cassava/bean systems is 
presented in Table 16. 

Next, t he gross benefits o r income for each a lternati ve are calculated . For 
each trea tment a lternat ive, the utilizable or marketable o utput is specified fo r 
each c ro p with in the trea tment. Each c rop out put is tl:ten multiplied by its 
respective price to obtain the crop value. The differen·t c rop values a re then 
summed to calcula te the to tal gross income fo r each sys tem alte rnative (see 
Table 16). Price is a c ritica! para meter in these calculati ons, and the price u sed 
in the analysis should be the farm gate price- that is, t he price the farm ers 
recei ve for the sa le o f their crops. 

The major di ffe rence be tween the two ana lyses is that in an eco nomic 
ana lys is, the differences in costs of pro duction between the va rious systems 
are deducted from the eventua l value ofthe yield , while the bio logica l a na lysis 
o nly considers differences in total production yields. The focus is on th ose 
inputs o r cos ts which vary across treatments. T hus, for a complete budgeting , 
in which fixed costs, such a s land and machine ry, as well as variable costs are 
incl uded , it is no t necessa ry to separa te between a lternatives. Only a partial 
budge ting based on variable costs is d o ne. 

The costs most likely to vary between different cassava cropping sys tems 
are : 
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o- Table 16. Economic an;alysis1 of various cassava/ bean pl;anting systems. 
~ 

0\ 
Vl 

Concept 

Gross prolits 
Production values (ton ) 
Cassava 
Bush beans 
Climbing beans 

Total system 

Production costs 
Land preparation (ha) 
tabor costs (daily) 

Planting 

Fertilozer aplication 
Herbocide aplicatoon 
Fungicide applocatoon 
Weeding 
Second planting lrom 

among rows 
Harvestong 

Costs in money spent 
Seeds lkg) 
Fertilozeo Jkg) 
Herbocode (li tersJ 
Fungicide (kg) 

Total costs 
Net prolit: 

Proloc from gross costs 

Cassava sole crop 

Amount 

28.2 

44.S 

19 

300 

7 

Unit 
price 

(SCoi.J 

3,SOO 

2.000 

1SO 
1SO 
1SO 

1SO 

150 

126 

145 

Value 
(SCol.) 

98,700 

98,700 

2.000 

1.0SO 
750 
300 

6.67S 

2 .890 

3.800 
1.015 

18.440 

80.260 

Cassava / Bush beans 

Amount 

23.0 
2.0 

12 

S 

12 

o 

39 

33 
300 

6.4 

Unit 
price 

rscol.) 

3.SOO 
12.000 

2.000 

1SO 
1SO 

1SO 
1SO 

150 

16 
12.6 
14S 
364 

Val u e 
(SCol.) 

80.500 

24,000 

104 ,500 

2.000 

1.9SO 
7SO 
300 

18.000 

5 ,890 

S28 

3.800 
1.01S 
2.36S 

20.358 

84.142 

1. Prices and costs expressed in Colombian pesos at an excha nge rate of SCol. 44.2/dollar. 

Cassava/ Ciimbing beans 
Cassava / Bush beans/ 

Climbing beans/ 

Val u e 
Amount 

Unit 
price 

(SCol. ) (SCol.) Amount 

31.4". 3,SOO 109.900 24.9 

2.0 
0.6 O. S 

11 

69.S 

S 
40 

60 
600 

7 
10.3 

24,000 

2.000 

1SO 
150 
1SO 
1SO 
1SO 

150 
150 

40 

12.6 

145 

223 

12.000 

121.900 

2,000 

1.050 
7SO 
7SO 

1.650 
1Ó,425 

7SO 
6.000 

2.400 
7.S60 
1.01S 
2.240 

36.615 

85.285 

12 

S 

23 

25 

60 

93 

600 
7 

16.7 
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