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1 INTRODUCTION 

After the good results obta1ned 1n the last years w1th 

rnult1p1e cropp1ng of cassava and cornrnon beans (Phaseolus vul

gar1s) research at CIAT was d1rected towards other trop1cal 

legurnes, espec1a11y cowpea (V1gna ungu1cu1ata) 1n order to 

elaborate cassava 1ntercropp1ng systerns for cl1rnat1c and so11 

cond1t1ons under wh1ch beans do not grow we11 Th1s 1s the 

case on so11s w1th low pH low fert111ty and h1gh Al and Mn 

content wh1ch are w1de1y d1str1buted 1n the trop1cs (Isbell 

1978) An exarnple of these edaph1c cond1t1ons 1s represented 

by the so1l of the Exper1rnental Stat1on CIAT-Qu1l1chao (see 

so1l cond1t1ons 1n Chapter 2) On th1s so1l cornrnon beans are 

only grow1ng w1th a h1gh 1nput of l1me and fert1l1zer On the 

Other hand other legumes w1th tolerance of h1gh levels of Al 

and Mn and adaptat1on to low pH and low fert1l1ty show V1gor

ous growth and h1gh y1eld even at very low levels of purchased 

1nputs Although be1ng 1ower 1n nutr1t1ve va1ue as compared 

to cornmon beans the1r prote1n content 1s h1gh enough to be a 

valuab1e cornplernent to the h1gh calor1e producer cassava (Cour-

sey & Haynes 1970) The comb1nat1on of cassava w1th gra1n 

legurnes other than beans has w1th few except1ons not rece1ved 

a great deal of attent1on from researchers A few exper1rnents 

have been conducted by Mohan Kumar 1978 (cassava w1th ground

nuts rnungbeans and soybeans) Gonzáles 1976 (Cassava w1th 

cowpea) and ThamburaJ and Muthukr1shnan 1976 (Cassava w1th 

groundnut cowpea and mungbeans) 
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Nevertheless ~t can be expected that for the comb~nat~on of 

cassava w~th trop~cal gra~n legumes other than common beans 

the same pr~nc~ples should be val~d as for the comb~nat~on of 

cassava w~th common beans 

A relat~vely non-aggress~ve erect grow~ng legume w~th a 

rap~dly grow~ng root system should be found that matures ~n 

less than 100 days so that the legumes can reach pod f~ll~ng 

stage befare cassava starts to clase rows and shad~ng gets 

ser~ous A rap~d top-growth of legumes to cover the ground 

~s des~rable ~n arder to g~ve protect~on aga~nst eros~on and 

water losses through run off V~gorous root growth ~s also 

very ~mportant ~n arder to g~ve protect~on aga~nst water ero

s~on and enhance cassava growth through N f~xat~on and Ca + P 

unlock~ng Bes~des the search for a su~table h~gh y~eld~ng 

legume w~th the above ment~oned des~rable character~st~cs ~n

vest~gat~ons were also started to determ~ne opt~mum agronom~c 

pract~ces such as legume plant~ng dens~ty spat~al arrange

ments and fert~l~zat~on 

2 EXPERIMENTAL CONDITIONS 

The f~eld exper~ments reported here were planted at CIAT

Qu~l~chao on an Ult~sol (Palehumult h~gh ~n manganese and 

alum~n~um and w~th low water hold~ng capac~ty) 

6 

• 
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pH Organ~c p 
Al Ca Mg K Mn 

matter Bray II 
% ppm meq/100 g so~l ppm 

4 01 7 43 10 1 3 39 1 92 o 32 o 30 54 8 

The cl~mat~c cond~t~ons can be summar~zed as follows 

Alt~tude 990m Yearly mean temperature 23 1 C (mean-max 29 5 

mean m~n~mum 18 3) yearly ra~nfall w~th two not very ~ntense 

dry seasons1850 mm average relat~ve hum~d~ty 77 1% (F~g 1) 

exper~ments were ~rr~gated when needed espec~ally after plant-

~ng Cassava and legumes were always planted s~multaneously 

and cassava ~n all exper~ments was harvested after ten months 

3 SCREENING OF GRAIN LEGUME COLLECTIONS 

a Monoculture 

In th~s exper~ment collect~ons of gra~n legumes 

were tested Mungbeans (V~gna rad~ata 66 cult~vars) 

Cowpea (V~gna ungu~culata 61 cult~vars) P~geon pea 

(CaJanus ca)an 14 cult~vars), Jack bean (Canaval~a ens~-

form~s l cult~var) Flat pod peav~ne (Lathyrus c~cera 

1 cult~var) as non-cl~mb~ng and W~nged beans (Psophocarpus 

tetragonolobus 9 cult~vars) Velvet bean (St~zolob~um 

derr~ng~anum 2 cult~vares) and swordbean (Canaval~a gla 

d~ata, 1 cult~var) as cl~mb~ng spec~es Pr~nc~pal selec-

t~on cr~ter~a were tolerance of low pH and h~gh alum~n~um 

All 
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content of the so~l growth hab~t growth durat~on and 

A plot cons~sted of a double row 3 75 m ~n length 

w~th a d~stance between rows of O 6 m d~stance between 

plants w~th~n a row was O 15 m (Fert~l~zat~on see Table 

10) Most 

cond~t~ons 

spec~es showed l~ttle tolerance of the so~l 

best adaptat~on be~ng shown by cowpeas (Table 

1) The plants were mostly grow~ng well the germ~nat~on 

was h~gh and flower~ng and pod set were good Average 

y~eld of the 61 cowpea cult~vars was 1178 kg/ha (14% mo~s

ture) Three cult~vars were y~eld~ng more than 2000 kg/ha 

(Table 2) 15 l~nes produced more than 1500 kg/ha and 19 

were y~eld~ng more than 1000 kg/ha In conclus~on the 

y~eld~ng ab~l~ty of 37 l~nes of th~s co1lect~on was accept-

able cons~der~ng the preva~l~ng so~l cond~t~ons Good 

y~elds were also obta~ned from Velvet beans one spec~es 

was y~eld~ng 1440 kg/ha and the other 490 kg/ha P~geon 

peas and the two Canaval~a spec~es were grow~ng and flower

~ng well w~thout show~ng react~on to so~l cond~t~ons but 

there was no pod-or seed set 

The w~nged beans were grow~ng poorly w~th the typ~cal 

symptom of Al-tox~c~ty but they were flower~ng (24 flowers 

/plot or O 28 per plant) over a per~od of two months A 

small y~eld of both fresh pods and gra~n was recorded The 

y~eld of roots was very low 

Mungbeans had a mean germ~nat~on of 47~ after 7 days 

but the young plants showed very low v~gor and many of 

them d~ed so that after 14 days l~ve plants were only 31% 
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TABLE 1 VIELD OF LEGUME SPECJES SCREENED IN MONOCULTURE ANO INTERCROPF D 
WJTH CASSAVA <CflC-40) AT CIAT QUI Ll CHAO 1978 

NUMBER OF GERMINATION No OF PODS PODS GRAl N 
CULTIVARS AFTER 14 DAYS (WJTH GRAl N) KG Yl LD 

DM/HA KG HA 
(%) /M2 14% H20 

MONOCULTURE 

COWPEA 61 82 110 7 397 7 1 178 6 
VELVET BEANS 2 63 68 3 297 2 9'8 o 
MUNG BEANS 66 31 112 12 1 30 7 
WINGED BEAN 9 61 2 9 29 4 111 
CANAVALIA ENSIFORMIS 1 80 o o o o o o 
PIGEON PEA 14 68 o o o u o o 
LATHYRUS CICERA 1 9 o o o o o o 
CANAVALIA GLADIATA 1 23 o o o o o o 

INTERCROPPED 

COWPEA 61 71 38 5 108 3 49 3 1 
LIMA BEANS 3 76 o 8 3 3 5 o 
MUNG BEANS 66 34 3 o 2 7 6 o 
SOYBEAN 8 17 7 9 16 L 24 1 
tANAVALIA ENSIFORMIS 1 93 9 6 79 l 76 ~ 
PIGEON PEA 24 71 o 4 o 8 o 2 
LATHYRUS CJCERA 1 42 o o o o o o 
CANAVALIA GLADJATA 1 31 o o o o o o 



TABLE 2 GRAIN LEGUME COLLECTION TRIALS 1/78 ANO 2/78 DATA OF BEST COWPEA CULTIVARS IN MONDCULTU-
RE ANO ASSOCIATION WITH CASSAVA CV cr1C 8q CIAT-OUILICHAO 1978 

YIELD(1J'/ MDISTURE) No OF PODS WEIGHT OF 1000 
KG HA /M2 SEEDS DAYS 

IN '/ G TO GRAIN COLOUR OF 
~\ONO AS SOC MONO MONO AS SOC MONO ASSOC MATURITY 

TVX 1193 0590 212q 37q 17 6 156 7 36 8 128 6 1306 82 PURPLE RED 
TVIJ 1977 OD 2oq3 6L¡q 31 5 146 9 64 5 92 6 91 4 84 WHITE 
TVX 1836-9E 2009 429 21 3 179 2 56 6 114 5 107 5 80 WHITE 
TVN 3529 1815 275 15 1 143 1 35 o 153 9 135 3 80 WHITE 
TVfJ 2o16 P 010 1777 270 15 2 137 8 3q 5 131 o 128 9 79 BEIGE 
p 18 17q3 573 32 9 120 8 3q 2 135 q 1356 81 BROYIN 
TVX 1193 9F 1722 16q 9 5 165 o 22 8 --- 95 5 7q PURPLE 
TVX 1193 7D 1710 3qq 20 1 1q3 3 lJO 1 nq 2 102 8 80 BRO\iN YELLOWISH 
TVX-289-q6 1688 516 30 6 ll7 2 qq 3 150 7 1lJ2 3 !!3 BEIGE ROSE 
VITA 4 1572 612 36 6 1q7 5 51 2 100 9 92 8 83 WHITE 
TVX-1835-P19 G 1553 758 q9 5 158 3 778 130 7 129 q 81 WHITE 
TVX 830-0lB 1qq8 657 lJ5 q 125 q 50 1 155 5 159 5 87 DARK BROWN-YELLOW 
TVX 1836-19E 1622 571 35 2 158 3 6q 2 123 6 126 7 77 WHITE 
TVX-337 3F 1552 555 33 6 1q6 9 46 5 95 8 gq 9 83 WH!TE 
CAUPl COSTA 1077 525 48 7 91 1 lJ5 9 97 o 1lJ2 9 87 WHITE 
svs 3 1501 523 32 7 96 q 36 3 131 2 133 3 81 BROWN 

.... .... .... 

- .. 
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and after three weeks only + 26% of the or~g~nal plant~ng 

dens~ty At harvest th~s nurnber was further reduced to 21% 

max~mum gra~n y~elds be~ng only 91 kg/ha 

Lathyrus c~cera germ~nated but all plants d~ed w~th~n 

four weeks An ~nfluence of the d~fferent legumes on the 

follow~ng cassava-groundnut exper~ment was not g~ven The 

groundnuts (~n assoc~at~on w~th cassava) were y~eld~ng 687 8 

kg/ha (she1led groundnuts w~th 14% mo~sture) after mungbeans 

687 9 kg/ha after cowpea 

per~ment was 686 8 kg/ha 

The average y~eld of the total ex-

There was a negat~ve correlat~on 

between gra~n y~eld and Al-concentrat~on ~n leaves (at flower-

~ng) and gra~n of cowpea ~ e h~gher y~eld~ng cult~vars had 

lower Al-concentrat~ons ~n these p1ant parts Root concentra-

t~ons of Al d~d not show the sama tendency (Tabla 3) On the 

other hand P concentrat~on ~n the gra~n showed a pos~t~ve cor-

relat~on to y~eld (F~g 2) ~nd~cat~ng that a cult~var s avo~d-

ance of h~gh Al-levels and reach~ng h~gh P-levels ~n plant t1s-

sue part~cularly ~n the gra1n, was relatad to 1ts y~eld~ng 

S1m~lar ±endenc~es were not observad w~th Mn Ca and 

Mg concentrat1ons 

In th1s exper~ment the same gra1n legume collect1on 1 

wh1ch was testad ~n monoculture was plantad ~n assoc~a-

t1on w~th cassava cv C.HC 84 N1ne plants of cassava 

were planted ~n two repl~cat~ons w~th one row of legume 

The cl1mbers w1nged bean and velvet bean were not testad 1n 
assoc1at1on wh1le soybean and non-cl1mb1ng l~mabeans were added 
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GRAIN YlELD AND MINERAL ELEMENT CONCEflTRATlON IN A COWPEA COLLECTION 
GRO\~N ON ACID JNFERTILE SOIL WITH HJGH AL AND LOW p LEVELS C!AT
Qu¡ Ll CHAO 1978 

GRAl N AL PPM P - PPM RANKICULTIVAR YI ELD 
KG/HA GRA!Nl LEAVES2 ROOTSl GRAJNl LEAVES2 ROOTS 

TEN BEST CULTIVARS 

1 TVX-119.5 059D 2123 5 10 370 7200 o 40 o 06 o 12 
2 TVU 1977 OD 2047 6 50 o 06 
3 TVX 1836 9E 2008 9 20 460 3500 o 40 o 12 o 09 
4 TVU-3629 1815 5 50 270 4200 o 45 o 08 o 10 
5 TVU-2616 P-OlD 17769 29 270 2320 013 o 10 o 35 
6 P-18 1742 S 90 170 2220 o 36 o 08 o 08 
7 TVX-1193 9F 1722 t.¡ 100 500 2500 o 42 011 012 
8 TVX-1193 7F 1709 5 220 470 3900 o 37 o 15 o 08 
9 TVX-289-46 1688 2 180 660 5000 o 26 o 10 o 08 
10 V!TA 4 1672 2 lOO 220 5500 o 32 o 12 o 12 

WHOLE COLLECTION 

1-10 1823 7 87 377 4036 o 32 o 10 013 
11-20 1570 5 88 539 4644 o 39 O lO o 10 
21-30 1304 4 99 675 5700 o 35 o 15 o 10 
31-40 1041 3 37 612 4655 o 41 o 15 o 10 
41-50 871 4 130 531 4024 o 39 o 10 011 
51-61 525 4 70 418 4345 o 34 o 12 o 14 

CORRELATION 
-0 89 -0 76 o 46 o 94 072 o 41 COEFFICIENT 

1 AT PHYSIOLOGICAL MATURJTY 
2 AT FLOWERING 
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on both s~des The fert~l~ty level of the plots was ex

tremely low only 500 kg/ha of l~me was appl~ed and the 

pH of the so~l was even lower than ~n the monoculture 

screen~ng exper~ment As a result, legume gra~n y~elds 

~n assoc~at~on suffered from double stress both due to 

the so~l cond~t~ons and compet~t~on from cassava The 

vegetat~ve growth of the legumes was reduced and gra~n 

y~eld reductions were strong mungbeans y~elded 20~ and 

cowpea 39% of the monoculture y~eld On the other hand 

the cassava y~eld was also reduced through the compet~t~on 

w~th legumes espec~ally w~th cowpea and canaval~a Cul

t~var C!-1C 84 and also Cn.1C 40 wh~ch was used ~n Exper~ment 

3/78 suffered ser~ous ~nsect ~nfestat~ons most severe 

damage be~ng caused by thr~ps Insect~c~des were not ap-

pl~ed so that root y~eld was low ~n all cases both due 

to ~nsect damage and low so~l fert1l~ty (F1g 3) 

As th~s f1gure shows the relat1vely h1gh cowpea y1eld 

was assoc1ated w~th a strong reduct~on 1n cassava y1eld 

Mungbeans grew poorly (s1m1lar to monoculture) w~thout 

affect~ng the cassava y~eld The very poorly grow1ng 

soybeans l~mebeans and Lathyrus had a pos1t~ve 1nfluence 

on cassava y~eld (x 106 8% of monoculture y~eld) as well 

as on the starch y1eld (107-114 % of monoculture) but 

s~nce the number of cult1vars 1n these spec1es was low 

(12 data for soybean 2 for canaval1a 2 for Lathyrus) 

these d~fferences could not be secured stat1St1cally 
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e Crop 1nteract1on 

We found that the legume s growth hab1t and adapta

t1on 1nfluenced the performance of both the legumes and 

cassava Although d1stance between legumes and cassava 

was always the same at plant1ng legumes w1th a stronger 

vegetat1ve development (root + top) due to both greater 

tolerance to ac1d 1nfert1le so1l cond1t1ons and genoty

p1cally determ1ned growth hab1t - such as cowpeas and ca

naval1a - may have left less d1stance or space between 

them and cassava mak1ng compet1t1on for space (l1ght 

co2 water nutr1ents~ more ser1ous than those spec1es 

w1th a less v1gorous vegetat1ve development For t~1s 

reason mungbeans, soybeans l1mabeans and Latyrus d1d 

not reduce cassava y1eld whereas cowpeas p1geon pea and 

canaval1a reduced root y1eld of assoc1ated cassava markedly 

both due to v1gorous growth (cowpea & canaval1a) and 1na

dequate growth hab1t (p1geon pea, too tal!) 

However cowpea cult1vars wh1ch showed less vegeta

t1ve development due to an early and 1ntense flower1ng 

hab1t left more free space between the assoc1ated crops 

and were therefore less aggress1vely compet1ng w1th cas

sava 

d Monoculture - assoc1at1on relat1onsh1ps 

Bes1des the screen1ng for tolerance aga1nst the so1l 

cond1t1ons 1t was also 1mportant to exam1ne how observa

t1ons made w1th legumes 1n monoculture would correlate 
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w~th those made w~th legumes and cassava ~n assoc~at~on 

A s~gn~f~cant correlat~on between tra~ts ~n monoculture 

and assoc~at~on would allow to screen collect~ons ~n mono

culture only and avo~d the more compl~cated and t~mekak~ng 

screen~ng ~n assoc~at~on General y~eld correlat~ons were 

h~gh between the cowpeas ~n both exper~ments (Table 4) but 

would nevertheless not allow to say wh~ch h~gh y~eld~ng 

cult~var (~n monoculture) would be h~gh y~eld~ng and least 

compet~t~ve when planted ~n assoc~at~on 

There was a relat~vely h~gh correlat~on (see Table 4) 

between the cowpea y~eld ~n monoculture and ~n assoc~at~on 

Th~s would ~nd~cate that h~gh y~eld~ng cowpeas planted ~n 

monoculture would also be h~gh y~elders ~n assoc~at~on 

and v~ceversa There vTas also a lower but constant cor-

relat~on between number of flowers per hectare ~n monocul

ture and y~eld ~n assoc~at~on but not between the nurnber 

of flowers per plant and the y~eld ~n monoculture 

No correlat~on was found between cowpea y~eld ~n mono

culture and the cassava y~eld ~n assoc~at~on Also the 

y~eld of tops (w~thout gra~n) or roots of cowpea was w~th-

out ~nfluence on the cassava root y~eld However a gen-

eral negat~ve relat~onsh~p between number of flowers num

ber of pods per un~t area and cassava root y~eld appeared 

to ex~st po~nt~ng to the fact that cowpeas w~th a h~gher 

level of development at flower~ng and pod format~on would 

~mpose stronger compet1t1on on cassava then cowpea cultl

vars w~th less development at th1s stage 



TABLE 4 

COWPEA GRAIN 
YIELD 

ASSOCIATION 

COREELATION COEFFICIENTS (r) BETWEEN COWPEA FLOWER NUMBER AND GRAIN 
YIELD IN MONOCULTURE AND COWPEA YIELD IN ASSOC!ATION WITH CASSAVA 
EXPERIMENT 2/78 (IAT-QUILICHAO 1978 

FLOWERSIHA 
DEC 6 DEC 11 DEC 13 

r = o 41 o 43 o 52 

PROBAB I LI TY o 0240 o 0160 o 0031 

DEC 16 

o 53 

o 0029 

COWPEA 
GRAl N 
Y! ELD 
MONOCUL-

TURE 

o 55 

o 0001 

" ..... 
"' 
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As a pract1ca1 conc1us1on, 1t may be sa1d that 1n se-

1ect1ng gra1n 1egumes for adaptat1on and h1gh y1e1d 1n as

soc1at1on w1th cassava 1t 1s re1at1ve1y safe to do th1s 

se1ect1on 1n 1egume-monocu1ture screen1ng tr1a1s as a 

f1rst step to e11m1nate mater1a1s w1th 1ow potent1a1 Par-

t1cu1ar1y on ac1d 1nfert11e so11s the overr1d1ng factor 

w111 be that of adaptat1on to adverse so11 cond1t1ons 

growth w111 be somewhat reduced and growth hab1t w111 

therefore not vary so drast1ca11y as to cause 1arge d1f

ferences 1n assoc1at1on su1tab111ty and compet1t1on w1th 

cassava Even though 1egumes w1th 1ntense ear1y f1ower1ng 

(and matur1ty) appear to be the most su1tab1e s1nce ear1y f1o

wer1ng reduces excess1ve vegetat1ve deve1opment unfavourab1e 

for cassava y1e1d format1on and ear1y pod f1111ng enab1es 

the 1egume to escape ser1ous shad1ng by cassava On the 

other hand, the poss1b111ty to screen cassava for 1nter

cropp1ng w1th 1egumes 1ndependent of 1ts compan1on crop 

appears not to ex1st 1 e screen1ng cassava cu1t1vars for 

assoc1at1on su1tab111ty 1n monocu1ture s1nce w1th cassa-

va not on1y y1e1d potent1a1 per se 1s 1mportant but growth 

hab1t (especLa11y branch1ng hab1t) has been shown to be 

of outstand1ng 1mportance for the performance of assoc1ated 

1egumes th1s be1ng dec1s1ve for the overa11 product1v1ty 

of the system (Thung & Cock 1978) 
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4 PLANTING DENSITY AND SPATIAL ARRANGEMENT OF COWPEA 

a Exper~ment 3/78 

The cassava-common bean research at CIAT showed that 

by s~multaneously plant~ng w~th normal monocrop dens~t~es 

of both crops ~n assoc~at~on h~ghest land equ~valent ra

t~os and greatest total y~elds are obta~ned In order to 

exam~ne th~s pract~ce w~th cowpeas and groundnuts under 

ac~d ~nfert~le so~l cond~t~ons tr~als were establ~shed 

us~ng legume dens~t~es of 111 000 222 000 and 555 000 

plants/ha ~n d~fferent row arrangements between cassava 

(F~g 4) Cassava dens~ty was kept constant at 9 259 pl/ha 

~n a 1 8 x O 6 m arrangement Y~eld results of ~ntercrop

ped cowpeas (F~g 5) showed that greatest y~elds were ob

ta~ned w~th 110 000 pl/ha a dens~ty wh~ch ~s currently 

also used for cowpea monoculture plant~ngs (Ersk~ne & Khan 

1976) Cassava y~eld data from th~s tr~al showed that 

110 000 pl/ha of cowpea ~mposed the least compet~t~on on 

cassava wh~ch produced the greatest fresh root yLeld at 

th~s cowpea dens~ty (F~g 6) However both cowpea and 

cassava y~elds were less ~nfluenced by cowpea dens~ty 

than by spat~al arrangement Cowpea y~elds were lowest 

~n the 70/2 system poss~bly due to an ~ncreased ~ntraspe

c~f~c compet~t~on ~n th~s arrangement whereas the 60/3 

system produced greatest cowpea y~elds On the other hand 

cassava y~elds were greatest w~th the 70/2 arrangement 

s~nce th~s system m~n~m~zes ~nterspec~f~c compet~t~on and 
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lowest w~th the 45/2 system where the two spec~es were 

planted at the closest d~stance As a result the 60/3 

arrangement appears to be a reasonable cornprorn~se cornb~n

~ng an ~ntermed~ate cassava y~eld wLth hLghest cowpea 

yLelds However ~f ernphasLs LS on cassava product~on 

the 70/2 arrangement would be preferable 

RegardLng the early vegetatLve developrnent of cassava 

espec~ally plant heLght and plant wLdth, the Lnfluence of 

cowpea wh~le grow~ng along wLth cassava was mLn~mal WLth 

no dLfferences between densLty or spat~al arrangement 

treatments and only a sl~ght dLfference between Lntercrop

ped and monoculture cassava Only after harvest of the 

legurne effects of croppLng systems (monoculture-~ntercrop

ped) on cassava growth could be observed the Lnfluences 

of densLtLes and arrangernents remaLn~ng small throughout 

the rest of the cassava growth cycle (FLgs 7 8 9) 

b ExperLrnent 5/79 

In th~s experLment the results obtaLned Ln 1978 were 

to be verLf~ed usLng a narrower range of plantLng densL

tLes 70 000 100 000 and 150 000 plants per ha Two 

spatLal arrangements were the sarne as Ln 1978 the 45/2 and 

and the 60/3 systems In addLtLon a 45/3 and a 60/2 ar

rangernent was Lntroduced 

Cowpea graLn yLeld results frorn thLS experLment show 

a much stronger densLty - arrangement LnteractLon than Ln 

the prevLous trLal however Ln pr~nc~ple there was good 
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agreement between results of th~s and the 1978 tr~al spat~al 

arrangements aga~n hav~ng a greater ~nfluence on cowpea 

y~eld than plant~ng dens~t~es The data were rather var~

able s~nce th~s tr~al was planted on a partly d~sturbed 

so~l but on the average low plant~ng dens~t~es aga~n 

were g~v~ng h~ghest gra~n y~eld w~th no d~fference between 

100 000 and 70 000 pl/ha Only the 150 000 pl/ha treat

ment y~elded somewhat lower (F~g 10) 

Among the spat~al arrangements tested the 60/3 system 

aga~n proved to be super~or to any other arrangement the 

second best be~ng the 45/2 system No part~cular advant

age was noted from e~ther of the newly ~ntroduced systems 

60/2 and 45/3 (F~g 11) 

Cassava y~elds were rather var~able due to so~l var~

ab~l~ty mask~ng to sorne extent the effect of cowpea plant

~ng dens~ty on root y~eld but root number showed a clear 

response be~ng most depressed by h~gh cowpea plant~ng den

s~ty The 60/3 spat~al arrangement was ~n th~s tr~al the 

system wh~ch caused the least y~eld reduct~on to cassava 

Poss~bly through m~n~m~z~ng ~nterference of one crop w~th 

the other allow~ng ample space between cassava and cowpea 

and prov~d~ng the most even plant d~str~but~on of cowpea 

~n the space ava~lable between cassava rows (Table 5) 

The 60/2 and the 45/3 arrangements caused sl~ghtly 

more y~eld reduct~on Ln cassava the d~fference of these 

two treatments and the 60/3 arrangement be~ng about 

1000 kg/ha Only the 45/2 system was notably ~nfer~or 
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TABLE 5 

70 000 
100 000 
150 000 

60/2 
60/3 
45/2 
45/3 

/32 

YIELD OF CASSAVA CV r1 VEN 218 IN ASSOCIATION 
WITH COWPEA TVU 354-1B AS INFLUENCED BY COWPEA 
DENSITY AND SPACIAL ARRANGEMENT (IAT-0UILI
CHAO 1979 

Roors TOTAL No OF ROOTS STARCH CowPEA 
KG/HA KG/HA KGIHA Yl ELD 

KGIHA 

25 676 89 236 8183 734 1 
22 374 80 633 6989 730 1 
24 251 79 552 7700 678 6 

24 319 86 368 7767 676 o 
¿5 332 87 500 8220 860 o 
22 491 81 533 7025 693 6 
24 261 77 160 7485 6¿7 5 
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reduc~ng cassava y~eld 3 t/ha more than the 60/3 system 

(Table 5) 

In terms of plant he~ght and plant w~dth the cassa-

va monoculture was always the best grow~ng treatment Th~s 

result, be~ng obta~ned ~n pract~cally all exper~ments re

ported here ~s ~n contrast to Gonzales (1976) who found a 

pos~t~ve ~nfluence of cowpea on cassava plant he~gh and 

a negat~ve 1nfluence of leaf area Although cowpea and 

cassava y~eld results are not stat~st~cally d1fferent 1n 

th1s tr1al due to large so1l d1fferences w1th1n the plot 

area cassava shows the same trends as 1n the prev1ous ex-

per1ment A dens1ty around 100 000 pl/ha of cowpea 1s op-

t1mal for both cowpea and cassava and a greater d1stance 

between cowpea and cassava rows g1ves r1se to less 1nter-

The arrangement of two or three 

legume rows between two cassava rows shows no clear advan

tage for e~ther of these opt1ons 1n terms of cassava y1eld 

but legume y1eld ~s always greater when a 3-row d~str1bu

t1on ~s chosen 

5 PLA~ITING DENSITY AND SPATIAL ARRANGEMENT OF GROUNDNUT 

(Exper1ment 4/79) 

A plant1ng dens1ty-spat1al arrangement exper~ment s1m1lar to 

tr1al 3/78 was carr1ed out w1th groundnuts 1n 1979 In th1s ex

per~ment the spat1al arrangement of 60/3 was the best for legue 

y1eld w1th no d1fference between the 45/2 and the 70/2 systems 

(F1g 12) In contrast to cowpea the groundnut y1e1d responded 
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pos1t1vely to h1gher plant1ng dens1t1es up to 220 000 pl/ha Cas-

sava y1eld was follow1ng the same tendency as w1th cowpea h1gher 

plant1ng dens1t1es caus1ng greater y1eld reduct1ons 1n cassava 

than the low dens1t1es and the 70/2 arrangement be1ng less ag-

gress1ve on cassava than the other arrangements (F1g 13) In th1s 

exper1rnent the low groundnut y1elds are the result of the good con-

d1t1ons for cassava wh1ch was grow1ng well and bu1ld1ng up 1ts can-

opy qu1ckly so that shad1ng became ser1ous for the groundnuts be-

fore matur1ty In consequence the number of flowers (mean of 

859 000/ha) and the number of pods (mean of 830 000/ha) were very 

low In contrast groundnuts 1n exper1ment 1/79 sown at a standard 

dens1ty of 220 000 pl/ha had 3 900 000 flowers/ha and 1 700 000 pods 

/ha result1ng 1n a y1eld tw1ce as h1gh as that observed 1n th1s ex-

per1ment 

6 CASSAVA - COWPEA YIELOING EXPERIMENT 

After test1ng the cowpea collect1on both 1n monoculture 

and assoc1at1on the follow1ng cult1vars were selected 

TVX-1193-0590 
TVN-1977-00 
TVX-1836-9E 
TVN-3629 
TVN-2616-P-010 
TVX-1836-P-196 
TVX-930-01B 
TVN-1977-00 
V1ta 4 and 
P-18 

(h1gh y1eld 1n monoculture) 

(h1gh y1eld 1n assoc1at1on) 

These l1nes were planted 1n assoc1at1on w1th cassava CMC 84 

at a dens1ty of 110 000 pl/ha us1ng the 60/3 arrangement Cassa-

va was planted us1ng the standard pattern of 1 8 x O 6 m (9259 pl 

/ha) One l1ne TVN-1977-00 was selected both 1n monoculture and 
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assoc~at~on, therefore data of only n~ne l~nes are represented 

~n Table 6 On the better so~l of th~s f~eld and w~th 1 t/ha 

of dolom~t~c l~me ~nstead of only O 5 t/ha y~elds were h~gher 

than those measured before The cowpea l~nes selected ~n the 

assoc~at~on w~th cassava were on the average h~gher y~eld~ng 

than the l~nes selected ~n monoculture the former hav~ng h~gher 

number of plants/ha and more pods per plant and the latter a 

h~gher hundred-seed-we~ght The best y~eld~ng l~ne was P 18 

w~th more than 1 500 kg/ha ~n assoc~at~on w~th cassava but the 

plants hada tendency to c1~mb under the somewhat more favourable 

so~l cond~t~ons of th~s exper~ment so that y~eld reduct~on of 

cassava was very h~gh The cassava y~eld shows no d~fference 

between plant~ng w~th cowpea selected ~n monoculture (mean cas

sava y~eld 15 7 t/ha) and w~th cowpea selected ~n assoc~at~on 

(mean cassava y~eld 15 8 t/ha) In th~s exper~ment the cassava 

y~elds ~n assoc~at~on showed a depress~on of only 4 3-35% below 

monoculture y~eld The h~ghest y~eld of cassava was found w~th 

the low y~eld~ng cowpea TVN-1193-059 the lowest w~th the h~gh 

y~eld~ng cowpea P 18 and TVN-1197-0D wh~ch produced a h~gh y~eld 

(1 194 kg/ha) wh~le affect~ng cassava y~eld very l~ttle (89 64% 

of the cassava monoculture y~eld were harvested) 

1978 occup~ed the second rank ~n the legume monoculture screen

~ng tr~al and the th~rd rank when planted ~n assoc~at~on (Expe

r~ments 78/1 and 78/2) so that th~s 1~ne appears to have good 

potent~al and adaptat~on to both monoculture and mult~ple crop

p~ng ~n th~s edaph~c env~ronment 



TABLE 6 COWPEA YIELD DATA OF YIELDJNG EXPERIMENT 1979 IN ASSOCIATION WITH CASSAVA (CMC 84) 

GRAIN 
CULTIVAR DESIGNATION YIELD 

KG/HA 
PL,NTS 

HA 

o TVX-1193-059 D 878 96 320 
ox TVN-1977-0D 1 194 94 792 
o TVX-1836-9E 781 86 042 
o TVN-3629 1 147 91 806 
o TVN-2616-P-01D 1 047 96 042 
X TVX-1836-P-196 982 100 694 
X TVX-930-01B 973 99 583 
X VITA 4 1177 101 736 
X P-18 1 555 84 375 

MEAN OF LINES SELECTED IN MONOCUL-
TURE 1 010 93 016 

MEAN OF LINES SELECTED IN ASSOCIA-
TJON 1 176 96 236 

CASSAVA MONOCULTURE 

O LINES SELECTED IN MONOCULTURE 
X LINES SELECTED IN ASSOCIATION 

PODS PODS/ 
/M2 PLANT 

58 8 5 95 
96 8 9 56 
64 5 7 37 
82 8 9 15 
71 2 7 30 
86 o 8 43 
77 5 7 52 
99 4 9 52 
777 9 14 

74 8 7 87 

87 5 8 83 

HUNDRED 
SEED 

WEIGHT 

15 1 
9 3 

117 
14 o 
14 5 
12 9 
139 
9 4 

15 2 

12 9 

12 2 

CASSAVA 
YilLD 

T HA 

17,7 
16 6 
16 2 
12 1 
15 7 
16 5 
16 4 
15 6 
138 

15 7 

15 8 

18 5 

' w 
00 
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7 MONOCULTURE - ASSOCIATION - ROTATION 

Th~s exper~ment was des~gned to test the ~nfluence of three 

cropp~ng systems - cassava monoculture cassava/gra~n legume 

~ntercropp~ng and a one cycle cassava two cycles legume rota

t~on - on so~l fert~l~ty parameters and y~eld follow~ng a 

fert~l~zed and an unfert~l~zed system Cassava root y~eld res-

ponse to fert~l~zat~on (500 kg/ha dolom~t~c l~me 60 lOO 75 

10 1 kg/ha of N P2o5 K20 Zn and B respect~vely) was small 

~n monocu1ture poss~bly due to the h~gh amount of organ~c mat-

ter be~ng m~nera1~zed dur~ng the vegetat~on per~od However 

w~th a greater demand for nutr~ents ~n the cassava-cowpea asso-

c~at~on there was a marked response to fert~l~zat~on In other 

terms add~t~on of nutr~ents preved to prevent a strong y~eld 

reduct~on of ~ntercropped cassava wh~ch suffered qu~te a strong 

reduct~on due to compet~t~on w~th cowpea when no fert~l~zer 

was added (reduct~on due to ~ntercropp~ng 23% w~thout v s 11% 

w~th fert~l~zer) W~th cowpea on the other hand y~eld d~f-

ferences between monoculture (~n the rotat~onal scheme) and 

assoc~at~on were small w~thout fert~l~zer show~ng that when 

nutr~ents are l~m~t~ng cowpea succeeds ~n appropr~at~ng a 

greater share for ~tself leav~ng cassava w~th much less When 

fert~l~zer was added however y~eld response was much greater 

~n monoculture than w~th ~ntercropped cowpea show~ng that w~th 

nutr~ents added cowpea not only competes but also suffers 

from compet~t~on by cassava Groundnuts be~ng grown as the 

second legume component ~n the rotat~onal scheme y~elded much 
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better than 1n other groundnut tr1als show1ng h1gh y1elds w1th-

out and w1th fert1l1zer 

was only 18% (Table 7) 

The y1eld response to added nutr1ents 

As a consequence of putt1ng formerly v1rg1n grassland 

under cult1vat1on and as a result of the d1verse cropp1ng sys

tems large d1fferences 1n so1l parameters were observed already 

after complet1ng the f1rst crop cycle Ma]or changes were the 

decrease of organ1c matter P Ca and K On the other hand Al 

wh1ch fell markedly dur1ng the f1rst part of the vegetat1on per1-

od rose to almost 1ts 1n1t1al leve! at the end of the f1rst 

growth wh1lst Mn stead1ly decl1ned and pH 1ncreased above 1ts 

1n1t1al value(Table 8) At the end of the f1rst cycle the plots 

w1th fert1l1zer had h1gher P and Mn a h1gher pH and a lower 

Al but also lower Mg and K concentrat1on The organ1c matter 

and Ca were not d1fferent from the unfert1l1zed plots Comoar-

1ng the three product1on systems cassava monoculture cassava 

cowpea assoc1at1on and cowpea-groundnut-cassava rotat1on cas

sava monoculture plots showed the h1ghest O M and Al and the 

lowest Ca and K concentrat1ons The assoc1at1on was most ef-

fect1ve 1n ra1s1ng the pH wh1lst cassava monoculture cons1stent

ly had the lowest(Table 9) The somewhat h1gher pH 1n assoc1a

t1on went along w1th lower Al and Mn but also a lower P concen

trat1on was observed 1nd1cat1ng a strong demand of the system 

for th1s element The rotat1od had the h1ghest P Ca K and 

Mn and the lowest O M Mg concentrat1on 1n the so1l In con

clus1on 1t can be sa1d that the rotat1on (so far cowpea 

monoculture ) d1d not prov1de the expected pos1t1ve 1nfluence 

at th1s stage equ1valent to cowpea monoculture 
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TABLE 7 CROP YIELDS OF CASSAVA COIIPEA AND PEANUT OBTAINCD IN A 
MONOCULTURE ASSDCIATIDN RDTAT!Dtl TRIAL EXPERIMENT 1/79 
CIAT-QUILICHAO 1979-80 

CASSAVA TOTAL COWPEA GRAIN GRDUNDNUT 
CROP SYSTEM RDDT - TI HA YIELD -14" H2D SHELLED 1LJ7 1120 

KG/HA KG/HA 

A WITHOUT FERTILIZER 

CASSAVA MDNDCULTURE 36 2 
CASSAVA COWPEA AS-
SOCIATION 28 o 8LJO 3 
RDTATION (1sT YEAR) 

l CDWPEA MONOCUL-
TURE 888 7 

2 GRDUNDNUT MONO-
CULTURE 11373 

B WITH FERTI Ll ZER 

CASSAVA MONOCULTURE 37 7 
CASSAVA-CDÑPEA AS 
SOCJATIDN 33 6 1112 3 
ROTATION (1ST YEAR) 

1 COWPEA MONOCUL-
TURE 1551 8 

2 GROUNDNUT MONO 
CULTURE 1379 6 



TABLE 8 CHANGE IN SOIL PARAMETERS (5-20 CM) DURING THE FIRST CROP CYCLE OF MONOCULTURE-ASSOCIATION 
ROTATION TRIAL WITH CASSAVA COWPEA AND PEANUT OBSERVATIONS AFTER MAY 21 REPRESENT MEANS 
OF TREATMENTS WITH FERTILIZER CJAT 0UJLICHAO 1979-1980 

Tlr1E 

BEFORE LAND PREPARATION 

AFTER PREPARATION BEFORE 
PLANTING 

SHORTL\ AFTER PLANTING 
Al ID F ER TI L1 ZA.TI ON 

AFTER COWPEA HARVEST 

AFTER GROUNDNUT HARVEST 

AFTER CASSAVA HARVEST 

DATE 

11ARCH 10 

MAY 21 

MAY 30 

AUG 20 
FEB 5 
MARCH 18 

O M 

% 

8 4 

7 9 

9 2 
7 o 
6 o 
7 3 

PH 

3 7 

4 o 

3 8 
q 3 
4 2 
4 2 

p CA MG K AL 
PPM ---- MEQ -----

3 q 1 15 o 37 o 39 3 9 

2 2 1 56 o 46 o 29 2 8 

3 4 1 99 o 58 o 52 2 9 
7 8 1 64 o 45 o 22 2 7 
2 o o 53 o 20 013 3 6 
2 5 1 37 o 31 o 16 3 4 

f~N 

PPM 

81 

102 
54 
24 
45 

' .... 
"' 
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TABLE 9 SOIL PH IN A MONOCULTURE ASSOCIATION-RDTATION CROPPIUG 
SYSTEMS TRIAL AFTER COMPLETING THE FIRST HALF CYCLE 
(COÑPEA HARVEST) CIAT-QUIL!CHAO 1979 80 

SAMPLING DEPTH-CM 

A WITH FERT 1 Ll ZER 
5-20 CM 
21-40 CM 

B WITHOUT FERTILIZER 
5-20 CM 
21-40 CM 

CASSAVA 
MONOCULTURE 

4 25 
413 

4 15 
4 10 

CROPP 1 NG SYSFI1 
LEGUI1E CASSAVA-ROTATION 

(oNLY 1 COWPEA CYCLE) 

4 30 
415 

4 18 
413 

CASSAVA 
COl~ PEA 

ASSOCIATION 

4 40 
4 33 

4 35 
4 19 
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on so~l cond~t~ons (pH M O Al, Mn) but ~t was eff~c~ently 

us~ng the nutr~ents The assoc~at~on (cassava-w~th cowpea) 

seemed to have a pos~t~ve ~nfluence on so~l cond~t~ons and was 

us~ng nutr~ents ~n a moderate way Cassava monoculture also 

seems to dra~n the nutr~ent reserves agress~vely wh~le at the 

same t~me worsen~ng so~l cond~t~ons by lower~ng the pH All 

together the assoc~at~on proved to be most advantageous for the 

so~l and ~t also gave a good total y~eld However further 

crop cycles must be completed before a def~n~te evaluat~on of 

these cropp~ng systems ~s poss~ble 

8 NUTRIENT REQUIREMENTS OF INTERCROP VERSUS MONOCROP SYSTEMS 

Th~s exper~ment was des~gned to throw l~ght on the plant 

nutr~t~on aspect of cassava ~ntercropp~ng Wh~le ~nd~v~dually 

nutr~ent requ~rements for both cassava and legumes ~n monocul

ture are relat~vely well establ~shed there ~s l~ttle knowledge 

about how th~s requ~rement should be assessed for a crop asso-

One way ~s to grow the crops both ~n monoculture and 

assoc~at~on together ~n one tr~al where nutr~ents are ~ncreased 

stepw~se from O to a h~gh level and compare the y~eld response 

curves obta~ned ~n each system ~n order to establ~sh the opt~

mum level for the ~ntercrop and monocultures al~ke s~nce at 

CIAT-Qu~l~chao the most l~m~t~ng plant nutr~ent ~s P we con

ducted such an exper~ment w~th cassava and cowpea us~ng P20
5

-

levels of O 50 100 150 and 300 kg/ha Basal dress~ng was 
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500 kg/ha dolomLtLc l1me and 100 N 75 K20 10 Zn and 1 kg/ha 

of Boron Cassava was planted at a 1 8 x O 6 m arrangement 

(9 259 pl/ha) w1th cowpea Ln monocutlure at O 6 x O 15 and as 

Lntercrop Ln a 60/3 arrangement preserv1ng 110 000 pl/ha Ln 

all treatments Fert1l1zer was banded at plantLng In cassa-

va/cowpea assocLatLon an all-fertLlLzer-broadcast-treatment 

was added 

Cowpea graLn y1eld response to Lncreased P-levels showed 

two peaks one at 50 the other at 300 kg/ha (FLg 14) Bes1des 

u1eld thLs double peak was also observed w1th other parameters 

2 such as percent plant surv1val ~o of pods/m No of pods/plant 

and plant heLght In assoc1at1on broadcastLng fert1l1zer gave 

cons1stently h1gher y1elds at all P-levels than band1ng The 

pronounced sLgmoLdal y1eld response curve was not expected on 

thLs h1ghly P-def1c1ent so1l where a more l1near resoonse would 

have been more lLkely WhLle d1fferent levels of mycorrh1zal 

act1v1t1es at d1fferent so1l P levels m1ght have g1ven at least 

a part1al explanat1on (Yost & Fax 1979) we are not able to 

report on th1s s1nce no mycorrh1zal observat1ons were made 

Another explanat1on of the non-l1near response of cowpea to 

a::>pl1cd ? ma.f lie in t'le var1abili ':.J of so11 P 1cvc1:J \vh1c '1 

was rather h1gh and mostly not Ln accordance w1th appl1ed P 

levels (FLg 15) Furthermore the better performance of cmvpea 

Ln broadcast than 1n banded fertLlLzer plots was although observ-

ed by other workers (Foud Zak1 Amerhorn and Abdallah 1979) 

not very l1kely to occur on a low P so1l w1th h1gh P-f1x1ng capa-

CLty We have no ready explanat1on for th1s extraord1nary behav1or 

but Lt can be hypothes1zed than on a droughty so1l l1ke that of 
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CIAT-Qu1l1chao root expans1on was enhanced by the broadcast ap-

pl1cat10n and thus plants grow1ng under these cond1t1ons were 

better able to absorb water and w1thstand the drought spells 

ocurr1ng dur1ng the growth cycle In the second cycle of th1s 

exper1ment wh1ch was replanted on the same plots the advantage 

of broadcast fert1l1zat1on 1s not go1ng to be repeated Cowpea 

1n th1s second plant1ng showed cons1stently better growth w1th 

band appl1cat1on of fert1l1zer as compared to the broadcast 

treatment A s1gmo1dal response of growth parameters to 1ncrease 

P-levels was also observed w1th cassava wh1ch however d1d not 

exh1b1t th1s character1st1c behav1or 1n root y1eld In monocul-

ture max1mum root y1eld was reached w1th only 50 P2o5 whereas 

1n the cassava cowpea assoc1at1on w1th banded fert1l1zer max1mum 

root y1eld was ach1eved w1th 100 P2o
5 

and 1n the broadcast appl1-

cat1on 150 P20
5 

were needed to produce max1mum root y1eld (F1g 14) 

It appears log1cal that w1th greater demand for nutr1ents 1n par

t1cular P 1n assoc1at1on the peak y1eld should have been produced 

at a h1gher P level than 1n monoculture Also w1th strong compe-

t1t1on for P 1n the assoc1at1on band1ng proved to be more eff1c-

1ent produc1ng O 7 t/ha more roots w1th 50 P
2
o

5 
less In no case 

was h1ghest root y1eld obta1ned w1th the h1ghest P level conf1rm-

1ng that although cassava has a h1gh external requ1rement of P 

for max1mum growth 1n culture solut1on max1mum root product1on 

1s ach1eved at much lower P levels 1n the f1eld 

Under the so11 cond1t1ons preva1l1ng 1n th1s tr1al and 

other exper1ments conducted at CIAT-Qu1l1chao both cassava 
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and cowpeas have been y~eld~ng reasonably well w~th levels as 

When ~ntercropp~ng the two spec~es 

~nd~cat~ons are strong that P requ~rement r~ses to at least 

lOO P
2
o

5 
to ma~nta~n a reasonable y~eld leve! of both crops 

The ~ssue of band~ng v s broadcast~ng could not be fully cla

r~f~ed s~nce results were contrad~ctory however results from 

cassava would po~nt at a h~gher eff~c~ency of band~ng wh~ch ap~ 

pears to be the more log~cal way of fert~l~zer appl~cat~on on 

th~s type of so~l 

9 COWPEA GROWTH AND YIELD DEPENDING ON SOIL CONDITIONS 

W~th cowpea s~m~lar to dry beans (Phaseolus vulgar~s) 

growth and y~eld depress~on due to adverse so~l cond~t~ons (low 

pH low Mg + Ca h~gh Al and Mn) can be observed but ~n the 

case of cowpea th~s react~on starts at a lower/h~gher leve! of 

these parameters As can be seen ~n Table 10 no s~ngle so~l 

parameter can be made responsable for h~gh or low y~elds ~n a 

g~ven tr~al or cropp~ng system rather the so~l factors as a 

group or complex are act~ng together result~ng ~n the growth 

and y~eld performance observed Match~ng so~l parameters w~th 

the correspond~ng cowpea y~elds ~t ~s seen that the~r ~nfluen

ce ~s very strong th~s was demonstrated for example by the 

mean cowpea y~eld of exper~ment 2/78 (cowpea w~th cassava aver

age of 61 cult~vars) and exper~ment 3/78 (selected average of 

27 plots w~th d~fferent cowpea dens~t~es and spat~al arrange-

ments) These drast~c d~fferences show that by work~ng w~th 
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a m~n~mum fert~l~zat~on and a m~n~mum of l~me (O 5 - 1 t/ha) 

so~l cond~t~ons often rema~ned on the borderl~ne for cowpea 

growth and plant~ng on land w~th even lower fert~l~ty brought 

about a y~eld depress~on of severa! hundred percent (Table 11) 

or a total loss of one repl~cat~on Often so~l qual~ty was 

also ~nfluenced by the topography of the f~eld, when go~ng down 

to the valley the so~l qual~ty and ~n consequence the cowpea 

y~eld was depressed 

S~nce the react~on of cowpea to the so~l was not expressed 

only ~n a y~eld depress~on but also ~n poor growth there was not 

only loss of data but also no compet~t~on for cassava so that 

the cassava data from these plots or repl~cat~ons had to be ex

cluded e~ther 

10 CASSAVA GROWTH AND YIELD DEPENDING ON SOIL CONDITIONS 

Cassava suffered less from adverse so~l cond~t~ons but 

response to fert~l~zat~on was l~m~ted part~cularly when cas

sava was grown ~n monoculture In exper~ment 3/78 for ~nstance 

where the max~mum y~eld of cowpea was 75 t~mes whe m~n~mum y~eld 

the d~fference between m~n~mum and max~mum y~eld of cassava was 

only f~ve t~mes By plant~ng ~n assoc~at~on unfavourable so~l 

cond~t~ons were frequently nearly compensated by lower campe-

t~t~on from poorly grow~ng cowpea In terms of vegetat~ve growth 

the most depreseed growth was never below 70% of the best grow

~ng cassava The d~fference between plant he~ght ~n the plots 

w~th best and worst so~l cond~t~ons become ~mportant only after 
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120 days (F1g 16) Th1s same observat1on was reported campar-

1ng monoculture and 1ntercropped cassava and when trans1t1on 

from dry to wet per1ods was observed 



TABLE 10 SOIL CONDITIONS IN EXPERIMENTS WITH COWPEA 

EXPERIM 
AL CA r1G K M O PH 

CODE % M E 

1-78 6 82 4 09 4 09 o 60 o 12 o 15 
2-78 6 67 3 90 4 os 071 o 05 011 
3-78 6 97 4 27 2 17 2 78 o 16 o 10 
1-79 9 19 3 91 2 54 2 37 o 64 o 60 
3-79 8 57 3 88 3 65 1 62 o 48 o 39 
5-79 7 04 5 94 4 56 o 56 o 14 o 15 
6-79 8 98 3 82 2 61 2 29 o 57 o 63 

7 74 3 97 3 38 1 56 o 31 o 30 

AVERAGE 
~1N YIELD 

KGIHA 
f10NO 

17 76 1179 
--- ---
--- ---

115 13 1220 
25 21 1553 
38 40 ---

116 10 ---

62 52 1317 

AVERAGE 
YIELD 
KGIHA 

ASOCIATION 

459 
1711 

976 
1094 

714 
1069 

1004 

'
Ul 

"' 



TABLE 11 YIELDS OF COWPEA IN THE EXPERIMENTS 1978-79 (KG/HA GRAIN YIELD WITH 14% MOISTURE) 

FERTI LI ZAT ION 
TITLE OF EXPERIMENT EXPER AVERAGE MAXIMUM MINIMUM N-P205-K20 

CODE YIELD KGIHA 

MONOCULTURE 

1 LEGUME COLLECTION IN MONOCULTURE 1-78 1178 6 2123 5 76 1 50-100-75- 10 
2 MONOCULTURE-ASSOCIATION-ROTATION 1-79 1220 3 1855 2 528 o 60-100-75+100 
3 PHOSPHORUS LEVELS 3-79 1553 4 2638 1 318 6 lOO- -75- 10 

ASSOCIATION 

4 LEGUME COLLECTION IN ASSOCIATION WITH 2-78 459 1 768 4 41 9 NO 
CASSAVA 

5 COWPEA DENSITY AND SPACIAL ARRANGEMENT 3-78 1211 9 2128 1 28 5 NO 
(RANGE 110 000 - 550 000 PL/HA) 

6 MONOCULTURE - ASSOCIATION - ROTATION 1-79 976 3 1451 6 703 6 60-100-75-110 
7 PHOSPHORUS LEVELS 3-79 1094 o 1897 1 127 8 100- -75- 10 
8 COWPEA DENSITY AND SPACIAL ARRANGEMENT 5-79 7143 1879 5 107 1 100-150-75-110 

(RANGE 70 000 - 100 000 - 150 000 PLIHA) 
9 THE BEST SELECTED COWPEA CULTIVARS IN 6-7~ 1081 7 1948 1 311 8 100-150-75- 10 

ASSOCIATION 

DOLOMITIC 
LI~E 
KG HA 

500 
500 
500 

500 

NO 

500 
50U 
500 

1000 

'
lJl 
w 
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11 CONCLUSIONS AND COMMENT (By D Le~hner) 

The exper~ments reported here were conducted ~n order to 

start the development of an ~ntercropp~ng technology for cas

sava w~th gra~n legumes on ac~d ~nfert~le so~ls where cassa

va cannot be successfully ~ntercropped w~th dry beans (Phaseo

lus vulgar~s) Invest~gat~on was focussed on three aspects 

1 Ident~f~cat~on of su~table genet~c mater~als 

2 Clar~f~cat~on of agronom~c nanagement of these mater

~als ~n assoc~at~on w~th cassava 

3 Establ~shment of nutr~t~onal requ~rements of the crop 

assoc~at~on 

Among the 10 gra~n legume spec~es screened for adaptat~on 

to low so~l fert~l~ty ac~d~ty, growth hab~t and y~eld two 

spec~es - cowpea and groundnut - showed the greatest potent~al 

as an ~ntercrop w~th cassava ~n s~multaneous plant~ng A th~rd 

spec~es velvet beans also showed good adaptat~on to ac~d ~n

fert~le so~l cond~t~ons However ~ts cl~mb~ng hab~t makes ~t 

unsu~table for s~multaneous plant~ng w~th cassava We suggest 

that further ~nvest~gat~on elaborates the management pract~ces 

for ~ntercropp~ng th~s spec~e at the end of the cassava growth 

cycle us~ng grown-up cassava as support Cowpea although ~ts 

tolerance to low pH and P ~s not unl~m~ted and somewhat less 

than cassava was def~n~tely the most prom~s~ng legume produc

~ng an average y~eld ~n assoc~at~on w~th cassav of more than 

one ton of dry gra~n (mean of 6 exper~ments see Table 10) It 

also proved to be a rust~c crop ~n phytosan~tary terms usually 
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requ~r~ng no or at most one ~nsect~c~de spray wh~le no fung~

c~dal or other appl~cat~ons were necessary Groundnuts a food 

gra~n and h~ghly valued spec~ally crop at a t~me, proved to 

have great potent~al w~th low ~nput levels as well However 

we are more at the beg~nn~ng w~th th~s crop s~nce at t~me of 

plant~ng these tra~ls no var~etal collect~on was ava~lable 

confln~ng our work to one s~ngle cult~var ICA-Tatu~ 76 We 

suggest that future efforts should be d~rected at obta~n~ng 

and screen~ng a greater var~ety of genotypes of th~s crop ~den

t~fy~ng even super~or mater~als 

w~th su~table genet~c mater~als ava~lable our next concern 

was agronom~c management We focussed on determ~n~ng plant~ng 

dens~t~es and spat~al arrangements for the legumes ~n assoc~a

t~on w~th cassava expect~ng that these should be d~fferent 

to those opt~mal for cassava/bush bean assoc~at~ons due to the 

largely d~fferent growth hab~t of cowpeas and groundnuts From 

our data ~t can be concluded that under the ac~d ~nfert~le 

so~l cond~t~ons of Qu~l~chao cowpeas gave max~mum y~elds at 

around 100 000 pl/ha whereas groundnuts had an opt~mum dens~ty 

of above 200 000 pl/ha The spat~al arrangement ~nfluenced 

both ~nter- and ~ntraspec~f~c compet~t~on both be~ng m~n~mal 

~n a 60-30-30-60 cm tr~ple row arrangement of the legumes be

tween cassava a plant~ng pattern wh~ch appears part~cularly 

su~table when plant~ng ~s done on the flat Por cassava we 

used the standard plant~ng dens~ty and arrangement wh~ch had 

been tested already w~th cassava-dry bean assoc~at~ons 

Plant nutr~t~on proved to be cr~t~cal under the g~ven so~l 
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cond~t~ons W~thout apply~ng a m~n~mal basal dress~ng or O 5 

t/ha of l~me (normal l~mestone or better dolom~t~c l~me) growth 

of all crops was poor and y~elds low Wh~le organ~c matter and 

potass~um were suff~c~ently h~gh at least ~n newly cult~vated 

so~l wh~ch had been under pasture before to prov~de N and K 

to the f~rst crop, these elements and part~cularly P showed ex

tremely low levels on land wh~ch had been cult~vated for severa! 

crop cycles We therefore tr~ed to establ~sh 

a the long-term effect of d~fferent cult~vat~on systems 

on so~l fert~l~ty and y~eld of cassava/legumes 

b the P requ~rement of ~ntercropped cassava w~th lecrumes 

as opposed to the respect~ve monoculture requ~rements 

Wh~le w~th repect to a) we arr~ved only at very prel~m~nary 

conclus~ons - ~ntercropp~ng generally hav~ng a more benef~c~al 

~nfluence on the so~l than e~ther cassava or legume monocultures 

-we are able to make a more conclus~ve statement on P requ~re-

mnnts of cassava/cowpea assoc~at~ons our data led us to con-

elude that ~n order to produce acceptable y~elds both cassava 

and cowpea requ~re a m~n~mal appl~cat~on of 50 (to 100) kg/ha 

P2o
5 

~n monoculture and th~s quant~ty has to be ~ncreased to 

100 (to 150) kg/ha ~f the two are grown ~n assoc~at~on Cowpea 

does respond to h~gher P levels but ~t may be uneconom~cal to 

apply them Band appl~cat~ons produced lower cowpea y~elds than 

broadcast appl~ed P but for cassava banded P was more eff~c1ent 

~n terms of kg root y1eld produced per kg of appl1€d P The 

bandlng-broadcast~ng ~ssue needs further clar~f~cat1on 
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In th~s two-year pro]ect we stressed the legume-s~de of 

our ~ntercropp~ng research partly because ~deal genotyp~c cha

racter~st~cs and rnanagement pract~ces for cassava ~n ~ntercrop

p~ng systems were already def~ned at an earl~er stage however 

the process of select~ng well adapted h~gh y~eld~ng cassava 

genotypes for ac~d ~nfert~le so~l cond~t~ons has not come to 

an end and as super~or cassava select~ons or hybr~ds emerge 

we shall be able to select those wh~ch, under the g~ven edaph~c 

cond~t~ons show suff~c~ent early v~gor erect growth late 

branch~ng and h~gh y~eld to make them ~deal partners for cassava 

legume assoc~at~ons on ac~d ~nfert~le so~ls 
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