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This report was based on the cooperative work of the author
with his Brazilian counterpart scientists at CPATSA. The Center's
staff and the specific experiments in which they participated
were:

L.B. Morgado
J.M.P. Lima Filho

S.G. de Albuquerque
J. Cavalcanti
J.C. Ferreira
E.A. Menezes

A.M. Siqueira
A.A. Freire de sã

F.A. Bernardino

X.M. Peixoto

Scientist
Scientist

Most of the experiments
A maize/cowpea physiology
experiment
Experiments on cactus
Experiments on so l-e castor
Weed control by herbicides
Limited participation ln
population studies

Scientist
Scientist
Scientist
Scientist

Trainee
Technical
As-sistant

AlI ex~eriments except
those on cactus and sole
castor
Experiments on cactusTechnical

Assistant
Technical
As si st arrt

Experiments on sole castor

I arrived in petrolina on 2 May 1982, by which ti~e rains had
already stopped. It was a, dry year and the few intercropping
experiments planted in that year. except the one provided with
supplemental water, had failed.

Intercropping ~ the s-ystem of gTowing tw-o or more crops
simul t ane ousLy ...is pr act ise d th.roughout the no rthe as-t Br az í.L, It
1S less common in the high rainfall coas-tal area .ema'ta~ where
plantation crops such as' sugarcane and co coa are the :principal
crops , In much of the semi a rid ('agreste') and a.rid ,('se rtâo ')
Northeast intercropping w~th 2 to 4 crops is the hasic cropping
sys t em, The crops involved are -mai ze , he ans, cowpe a , fava be an s ,
cotton (perenial and annua I} , cas-sava. cas-tor. toba cco , ca ctus and
rice (only in the s ubvhumi d rp art s o f Maranhão and Piauf s-t at.e s] ~
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momentum only with the set up of various EMBRAPA research centers
in mid seventies. Research in this area is highly justified for
the simple reason that it directly benefits the small and medium
farmers who constitute bulk of the Northeast population and who
invariably practise intercropping.

Based on the previous work carried out at CPATSA and various
state enterprises, the needs and priorities for intercropping
research in northeast Brazil were identified1. The work at CPATSA
was organised under five projects four of which were proposed and
approved after my arrival in 1982. Tney were:

1- Crop physiological studies in intercropping
2- Studies on plant population and spatial arrangements in

intercropping
3~ Intercrop responses to water, nutrients and their

interactions
4~ Evaluation of yield stahility in intercropping
5~ Intercropping st ud í es in "sert ào 'of Pe rn amhuco (ex ist í.ng

project mostly witn genotype studies}.

Research on 'key'comhinations was supposed to coyer alI the ahoye
aspect s , But in the firs-t Lns-tance -more emphas í s-was given to
cereal/cowpea syst ems b ecause of the i r importance. Ot.he rs that
received attention were syst ems with cast or and cactus which have
not re cerve d .much attention ear Líer , No spe cí.f ic st.udie s were
planned on cotton as two s-t.udies were already under way at CPATSA
and some information was+avad lab Ie on th í s crop , Howe ve r , a
comp rehen sí ve review was- prepared on sys tems base d on cotton and
cassava giving p resen t resul t s- and pe rspe ct íve s for future

h2researc .

lSee Raoetal. (19.82) under publications.
2See Rao & Morgado C1983a} under puhlications.



ri.se to diverse agroclimatic regions. Results of any particular location
can not be generalized for the entire region. In this context
multi-location experiments covering a range of representative
sites are very important. Petrolina (9009' S, 40022' W) with 400
mm of annual rainfall represents the arid climate. Not only the
present dryland agriculture around this region is limited but the
potential also remains low because of low and highly variable
rainfall. If CPATSA has to fulfill its mandate, that is to
develop systems for the semi arid northeast Brazil, it is essential
that it works cooperatively with the state enterprises which have
research stations in various agroclimatic environments. Therefore~
we emphasized that our experiments should be conducted at a
number of locations in cooperation with other centers. But due to
shortage of ;funds and lack of well established links wi th othe rs ,
we could not extend our studies beyond Petrolina except with one
experimento However, our efforts to develop a cooperative program
has come off well. For this purpose we organised two meetings, the
first one during 10-11 November, 1982 at Petrolina to discuss the
need for cooperative work in intercropping and establish links
with state research uni ts , and the se cond one during 24-28
October, 1983 at Teresina (Piauí state) to update the available
information and identify gaps for future research. As a result of
these the number of projects under the coordination of CPATSA
have now increased considerably.

This report summarises the work done during the postrainy
season,of 1982 and the rainy and postrainy seasons of 1983. Besides
giving the experimental results, suggestions are given for future
research.
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'Sertão' is characterised by highly variable rainfall in terms
of amount over seasons (400 - 750 mm/year) as well as in the onset
and distribution within a given season. The poor and light
textured latosols that predominate in this region have low water
holding capacity and further compound the problem of drought and
increase the risk of crop failure. Cowpea and maize together
constitute the principal food crops of the region. The short cycle
and drought tolerante cowpea is fairly well adapted to the local
conditions and yiel ds at Least 300 to 500 kg/ha. Its importance to
this region can be understood from the fact that much of the
cowpea produced in the Northeast (about 91% of national production)
is from 'sertão'. Maize being a somewhat later maturing and
moisture sen sitive crop fails frequently but it continues to be
grown because it is the preferred cereal of the local pe ople ,
Although these crops, individually or together. are intercropped
wi~h crops such as perennial cotton. cactus and cassava,
intercropping of maize/cowpea itself is by far the most common 2 -
crop system encountered ín the 'sertão'. ln a survey conducted by
CPATSA (Centro de Pesquisa Agropecuâria do Trópico Semi~Ãrido) ln
the Ouricuri region, it was observed that about 90% of the farms
grew maize and cowpe as in -various cropping s-ystems and that maize/
cowpea intercrop accounted for 28%of intercroppíng (Miranda. 1983).

A set of expe rrmen t s we re conducted on cereal/legume
inte.rcropping at CPATSA Cen te r , Petrolina in 19.83 cropp í ng season.
The cere.al could be the traditional -ma í ze or t.he aIt.erna t rve s such
as sorghum or pe az LmiLlet ,

2.l~,Bf fect of Plant Population and Row Ar rangemen t on MaízejCowpea

The obj ecti ve s of th.í.s expe rimerrt we re : Li) to find out the
cptimum population for ma í.ze and cowpea in inte~TcTopping, (ii1 to
determine the op ti.mum row proportion of. -mai zeZcowpe a rnt e.rcrop
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and resource use of a maize/cowpea intercrop in
the respective sole crops.

MateriaIs & Methods: The study had six intercrop treatments,
comprising the factorial combinations of two maize populations
(25 000 and 50 000 plants/ha) and three cowpea popu1ations
(25 000, 50 000 and 75 000 plants/ha) in the most common1y used
row arrangement of 1 maize : 2 cowpea, two treatments with the
above two maize popu1ations against a constant cowpea population
of50 000 p1ants/ha and the two sole crops at 50 000 p1ants/ha.
The ten treatments were randomized in each of four rep1ications.
Rows were p1anted at a unifonn spacing of 60 cm which gave a row
width of 1.2 m for maize in a1ternate row arrangement and 1.8 m
in a1ternate doub1e row system. The plot was 4.8 m x 15 m for
sole crops and 1:1 arrangement whi1e it was 6 m x 15 m for 1:2.
The idea of usin~ such a big p10t was to make periodical harvests
for estimating 1eaf area and dry .ma'tt.er , We also intended to
measure 1ight interception and wa ter and nutrient use buli .due.i to lack
of sufficient st af f and inabi1ity to acquair the necessary
equipment forced us to postpone the resource use ~easurements to
a later date.

The expe ri.rnen t was p lanted on 20 December 1982 on a light
latosol in the Behedouro Experimental Farm. Two supplemental
irrigations were g i.ve n on 7 & 15 January 1983 to facilitate gap
fi1ling and thinning respectively. These irrigations he1ped the
maize seed1ings survive the ear1y drought, but no water was given
thereafter. The area was ferti1ised basally with 50 kg P205/ha
and ma i ze wa s top dressed after t.hí.nní ng with 60 kg N/ha in two
equal sp1its. The experiment was weeded thrice; cowpea required
five sprays of Nuvacron whi1e -mai ze required one spay each of

Ambush and Folimat. Rainfa1l during the experiment was 400 mm.
Sadly, a rain of 63 mm on 14 March 1983 was accompanied õy heavy
wí.nds and cause d Lodg i.ng m rna i.ze, Since the CTOp was i'n cob
development at tha t time lodging was seve.re and tt had to be
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Table 2.l.L Effect of p1ant population on maize/cowpea intercropping.
1983.

System ...... Cowpea ..Maize Total ' .Land. Bquiva lerrt Ratio1

. , Grain . . .'Hauls. dry matter " .Cowpea . .Maize .Total

( kg/ha )

1 Maize 1 Cowpea
MZS C50 280 691 3390 0.31 0.60 0.91 .I

MSO C50 117 574 5489 0.22 0.97 1.19 I

1 Maize 2 Cowpea
MZ5 C25 278 816 2895 0.35 0.51 0.86
MZ5 CSO 403 1146 .3121 0.50 0.55 1.05
MZ5 C75 443 1250 2467 0.54 0.44 0.99
M50 C25 247 720 3549 0.31 0.63 0.94
MSO CSO 188 538 4053 0.23 0.72 0.95
MSO C75 269 694 3776 O .31 0.67 0.98

Sole Crops
Maize ,5>664 1.00 1.00
Cowpea 1291 1830 1.00 1.00
SEI 68 124 562

I FI Tests
Sole vs Intercrop ** ..~ **
MZ5 vs M50 in 1:2 * * *
MZ5 vs MSO in 1:1 *

1Calcu1ated on the basis of dry matter yie1ds.
* **Significant at 5%, Significant at 1%
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Results & Discussion: In the absence of maize yields and
resource use data (Table 2.1.1.), only the main agronomic effects
are considered. Both the crops grew well in sole croppi ng, cowpea
produced 1291 kg/ha and maize 5.6 t/ha of dry matter. Cowpea was
severely suppressed in intercropping by the excellent growth of
maize, as a result of which it yielded only 10. to 34% of the sole
crop. The competi tive effect of maize was high in alternate rows
and it increased with increase in population from 25 td 50.
thousand plants/ha. Thus, cowpea yields in 1:2 arrangement
averaged 235 kg/ha against 50. 0.0.0.plants/ha compared to 375 kg/ha
wi th 25 0.0.0.plants/ha, and in aItern.ate rows, they were 117 and
280. kg/ha for the two maize populations respectively. Increasing
the cowpea population improved its performance but higher than
the sole crop optimum did not bringany additional advantage. The
haulms yield was affected similarly as grain yield in
intercropping.

Although the overall sole vs intercrop comparison was
significant for maize yields, compar í.son of s-ole with each
intercrop treatment was important be cause of sí.gn í f i carrt
differences due to maize populations. Intercrop yield in alternate
rows was similar to that of sole crop when population across
the two systems was same)out when the population was reduced to
half of the sole crop density,yield decreased by 40\. In 1:2
arrangement, halfthe sole crop density averaged 50% of sole
maize yield ove r different cowpea populations, but doub Li.ng the
population to the leveI of sole crop density díd not result in
similar yield as the sole crop. It gave only 67% of s-ole crop
yield wh i ch was be cause o f closer wi thi n row spacing and
consequently greater intraplant competition in 1:2 arrangement.
Cowpea wa s competi tive to .maí z.e, particularly in low maize
population whe re an increase from 25 non to 75 nan p LarrtsZha
had caused a 15% decrease in lllaizeyíeld.
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rnatter did not indicate any substantial advantage for intercropping
over the sole erops. The best advantage of 19% was observed in
alternate rows with 'full' population of both the components. And
whatever little advantage (5%) noted in 1:2 system was with half
the population of maize plus 'full' population of eowpea. Thus, two
clear situations were evident. Where maize is the principal
component and expected to yield high (say 4 to 5 tlha) , the best
strategy for intereropping is to pIant full population of maize 50

that it gives its potential yield and aIIows some yieId of eowpea
whieh will be a bonus or additional yield. The arrangements that
would aeeomodate 'full' population of maize are thealternate rows
or both erops planted in the same row (as is eommon in parts of
Minas Gerais). But on the eontTary, where eowpea is more important,
as is the case in the Northeast, full population of cowpea with a
moderate population (about half the sole erop optimum) of maize
seemed to be the appropriate eomhination. (More details on maize
population ean be had from another study deserioed later). Then
the suitablerow arrangement would be 1 maize : 2 eo~~ea if the
rows are at a eloser spaeing (50 to 60 em) or alternate rows when
rows are at a somewhat wider spaeing (0.75 m to 1.0 m) .

lLand equivalent ratio is defined as sum of the land areas required
for the sole crops to produce the same yields as from one ha of
intereropping. It is ealeulated as follows:

yie ld of erop A in intereroE, + :Xi.e.ldo.;, erop li :\-,ninte,reD?,.R.
yi.e l.d of crop A in so le yield o f erop B in sole

A LER greater t.h.an1.O indieates tha t t.he intererop is
advan tageous- ove r growing b.oth sole crops together.

LER =
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Cowpea Intercropping

Farmers in northeast Brazil continue to grow maize for home
consumption despite the fact that it is highly sensitive to
stress and occurrence of drought is a common phenomenon in' this
region. Some attempts have been made by state research
organizations, particularly that of Pernambuco, to substitute
maize with sorghum in the traditional cropping systems. These
results have shown that sorghum is not only more productive but
also more stable than maize (IPA, 1981; Rao & Morgado, 1983).

However, no information is available on how sorghum compares with
maize, optimum population, and row arrangement for intercropping
in the very dry areas such as Petrolina, 50 the following
experiment was conducted to get some information on the above.

MateriaIs & Methods: Factorial combinations of three populations
of so rghum and three of cowpea were examined in each of two row
arrangements, 1 sorghum : 2 cowpea and 1 sorghum : 3 cowpea. The
cowpea populations in Doth arrangements were 20 000, 40 000 and

:,
60 000 plants/ha w~ile that of sorghum were 30 000, 60 000 and
9_0000 plants/ha tn 1:2 and 22500,45000 and 67500 plants/ha
in 1:3. There were faur addltianal treatments, a standard maize/
cowpea intercrop and t.he three sole crops of ma ize (50 000 plants/
na), so rgfium (150 000 plants/ha) and cowpea (40 000 plants/ha).
The 22 treatments were tried in a randomr sed b Lock design wi th
th.ree replications. Th.e plot size was 5 m x 8 111 having ten rows
at 50 em apart. S'i'x rows (Z cereal plus 4 cowpea in 1:2 and 1
sorghum plus 5 cowpea in 1:3) of 6 m lengtJi were harves ted for
yield. Planting was done on 20. January 19:.83 using 3 to 4 seeds per

- ,
hill, but thinned three weeks later to the required st an d , F'if t y
kg of P205/ha was band placed at planting and sorghum and maize
were top dressed with 40 kg N/ha in two equal splits. The crops
we re weeded and spraye d as- and when needed •.Cowpe.a was ha rve sted
63 days after planting and ~rglillm after 123 days. Marze failed to

10



TabIe 2.2.1
Effect of p1ant popu1ation apd row arrangement ln sorghum/cowpea

, ('/ )intercropping, Petro1ina 1982. (--
Arrangement Sorgnum Cowpea LER ArT arg.eme.n t. Sorghum Cowpea LER
1 Sorghum: 1 Sorghum:
2 Cowpea 3 Cowpea
S 30000 S 22500
C 20000 384 59 C 20000 302 43
S 30000 S 22500 433 137
C 40000 291 114 C 40000
S 30000 8 22500
C 60000 205 137 C 60000 844 118
S 60000 S 45000
C 20000 331 47 C 20000 509 56
S 60000 S 45000
C 40000 481 101 C 40000 963 109,

S 60000 S 45000
C 60000 302 85 C 60000 297 100
S 90000 S 67500
C 20000 280 49 C 20000 305 35
S 90000 S 67500
C 40000 42 60 C 40000 888 103
S 90000 S 67500
C 60000 916 137 C 60000 300 97
1 Mai ze ;

2 Cowpea 92
Sole: Crops -

Sorghum 30
Maize - -
Cowpea 205

11
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Resu1ts & Discussion: A1though the crops established and grew
well in the beginning, they did not give reasonable yields because

of severe moisture stress (Table 2.1.1). As a sole crop. the early
maturing cowpea gave only 205 kg/ha and it produced much lower

yields in intercropping varying from 35 to 137 kg/ha. Sorghum
yi~lds were highly variable across the intercrop treatments (42 to

963 kg/ha), and in sole cropping it produced only 30 kg/ha. Under
'Yl.

these circumstances one can not draw any useful conclusions.

However, the results did give some guidelines for future studies.

The population us;ed for so Le sorghum i.e. lSQ 000 plants/ha

appe ared to be very hi gh for t.he 1imi ted rainfall condi tions at

Petrolina. Pr ob ab Iy , the availafile moisture he r e can no t support
more than 75 to 90 thousand plants/ha. Sorghum was wide apart in 1

sorghum : 3 cowpea and considering the limited moisture and poor
growth of the cereal, only the 1: 1 and 1: 2 ar r angemen t s seem to

be worth examining. Maize definitly i5 a risky crop for the
Nor the a.st and it sh.ould fie discouraged whereve r rainfall is .Ie s s

than 500 mm for the cropping período While sorghum gave some grain
and st ove r, maize fai1ed to produce any th.í.ng, Cowpea was very much

affected by so r ghum in intercropping and increasing the population
af sorghum still increased its competitiveness. Therefore, if one

requires to p re se.r ve a high proportion of cowpea yield in

intercroppi~. sorghum must he planted at a low population.

, 2•.3.•..lntercropping ,of Pe.ar Lmí.Ll.et with_ Cowpea

PearlmilletCPe'nn'isetüniamerican'Um} is a short cycle cereal

grown rh.roughou t the semi ar i.d tropics of Lndi a and Africa. 1t

completes i t s cycle in 70 to 90 days and is we11 adapted to low

moi st.u re conditions. 1t p rov i des nutri tive human food and can be

used to feed animaIs. Since rainfal1 in 'sertio' is low and

variah1e it can fie a good aI t.erria t.ive to the presently



Table 2.3.1

Effect of mí llet and cowpea popul ati on on y+e 1ds and LER tn millet/cowpea i ntercroppi ng. Petro1 i na, 1983.

50 (16,7)
100 (33,3)
200 (66,6)

Cowpea population (1000 plantes/ha)
(sole

millet)
20O 20 40 60 Mean 20 40 60 Mean 40 60

Mi11et yie1d (kg/ha) Cowpea yield (kg/ha) Land Equi va1en t Ratio

627 342 333 192 374 148 178 233 186 0.79 0.85 o.z:
SW 492 267 271 444 86 117 144 116 0.85 0.62 O .6!)
-494 539 529 350 478 64 104 79 82 0.87 0.95 0.6 ~

@) 367 361 391 1.00
621 458 376 271 186 192 204

Millet population
(1000 p lentes/ha)

Sole cospe a
Mean

st
LSD (0.05)

78
228

29
84

O. 14

LERs were calculated using the highest yields of 74~ kg/ha of millet and 446 kg/ha of cONpea in sole cropp;ng.

•.....
VJ
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grown cereal, ma i ze , wh i ch .i s h i gl. Ly :>çi1.:>l. tive LU Jill.J.J...:)l ..U~,", s t.r css .
Millet was tested ln Petrolina under írrigation in 1977 (Silva et
aI. 1981) but was never examined under raínfed condition. So the
fo110wing experiment was conducted to i) 'eJCplore the potential of
mi11et under rainfed conditions ii) find out the scope of
intercropping it with the traditionally grown legume of the region,
cowpea and iii) to find out the optimum population in sole and
intercropping.

MateriaIs & Methods: The experiment had three popu1ations of
mi1let in sole cropping (50 000, 100 000 and zoa 000 plants/ha),
three populations of sole cowpea (ZO 000, 40 000 and 60 000 p1ants/
ha) an~ the nine factoria1 combinations of the above in
intercropping. The intercrop wa s plan ted in an arrangement of 1
mi11et : Z cowpea using only 1/3 popu1ations of sole mil1et
corresponding to the spatia1 arrangement. Thus , the intercrop
mi11et populations were 16 667, 33 333 and 66 666 plants/ha. The
trial was coriducted in a ran dom ise d block desi gn wi th three
rep1ícations. Plot si!e was 5 m JC 8 m containing ten rows~ :at a
uniform row spacing of 50 cm. The harvest area was six rows from
3 m x 6 m.

Roth crops were p1anted simu1taneQusly on Z4 January 1983. The
seLl under t.he e.xperi.merrtwas' a sh.al.Low san dy redd ish yellow
podzo1 with low water holding capacity (ahout 60 mm) and low
nutrient status. Rainfal1 during the period af crop growth was 280
mm , The area was fertilized wi th 50 kg PZ0sJha basal1y and later
millet was fertilized with 40 kg N/ha in sole cropping. The
intercropped millet rece í ve d 1/3 that of the sole crop . Cowpea was
given four sprays of Nuvacron (ZQ ml/ZO .e. of water). The genotypes

, iwere mil Let : Syn th.et ic , wh.ích mature.d in 80 days and cowpea:
Pitiuha matured in 6Q days.

Re.sults & Dã scus s í.on ; Mi1let and cowpea grai.ny ie lds alon g wi th
the land equivalent rat ios for Ln t.ercropp íng tre.atraen ts are given
in Tab Ie 2.3.l~,. Solemillet gave t.Iie-maxí.mum yi:eld of 744 kg/ha
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only slightly lower yield than the above, but higher than 100 000
plants/ha caused a decrease in yield. In the case of sole cowpea,
the lowest population of 20 000 plants/ha gave the maximumyield
(446 kg/ha) and higher populations than this had a negative effect
on yield. These resul t s indicate that high populations would be 6-

detrimental to yield under limi ted moí st ure conditions.

Intercropped millet responded to population up to the highest
leveI tested (66 667 plantsjha) at each of the cowpea populations.
At the first leveI of population (16 667 plantsjha) it yielded
about 55% of the corresponding sole crop which decreased to 31% of
the sole crop .with increase in cowpea population to 60 000 plantsj
ha. At the second leveI, intercropped millet produced 66% of the
sole crop at 20 000 plants/ha of cowpea but it gave only 36% of
the sole crop at 60 000 pl antsZha of cowpea. At the highest----------=----
population, intercrop yield was lower than that of the sole crop
only at the highes t cowpea population. Millet was more competi tive
to cowpea and cause d consi.de r abLe reduction in cowpea y í.eLds , The ---
competitive effect of millet was fiigher particularly at higher
populations. The comhi.ned y ieLds of t.he two crops. expre s se d in
the form of land equivalent r at ios , were lower t.h.an 1.0 ;i:ndicating
no advantage for intercropping ove.r s-ole crops , Th.ea-vailalile
moistur e was sufficient to support only 20 QQQ pLant.sZha of cGwp~a.
But aI l the intercrop treat111ents· ha d the addi.t í.ona'l population of
millet over and above that of cowpea Which might h.ave increased
competition for water and r esu I ted in lower yields- t.han in sole
crops.

Given t.he poor moi.s tur e conditions of the expe r iment , the
performance of sole millet and sole cowpea was creditable. The
millet yield of 744 k.gZha was particularly valuable considering
that maize in the adjoining eJCperiments failed completely and
sorghum gave poor yields. Thes-e results confirm tlie usefulness of
millet for the - arid cl:imate. of J se r t âo ' .• However, under these
conditions rhe popular practice of intercropping does not seem to
he advantageous over s-ole cropping. Ftrr the r t.est s are required
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study developed a leaf blight probably associated with Drechslera
sp.. More genotypes of millet have to be evaluated for assessing
the full potential of millet and to identify less disease
susceptable cultivars before it can be recommended. The 50 cm
row spacing used in the present trial seemed to he too close for
field operations, and 1:2 arrangement would be difficult to adapt
to improved land management systems. It is worth examining the
alternate row arrangement at 75 cm row spacing.

2.4- Effect of Continuous Variah1e Moisture and Popu1ation on
Mai7.e/CoW})ea InteTc.Topping

Research to improve the traditiona1 practice of maizejcowpea
intercropping h.as hee.n 1i:mi:ted and whatever tha t has happened was
outside the -maí.n I sertão'. Howeve r , Rao and Morgado (1983)
summarised the resu1ts of 34 experiments conducted rn t.he
northeast and found tliat 1Tlaizejcowpe intercrop would give 41%
hi.gher yields over the sole crops. Similar yie1d advantage was
noted for thi s comhrn at í.on in ot.her semi arid regions (Bny í 1973;
Remison , 1980). Another advantage of intercropping is that it
provides insurance against the yagaries of weatlier. But the
relationship between intercropping advantage and wate r has not
been very clear. Rao and Morgado (1983) did not obse rve any
díscern ib.Le r eLa't í onsh.i.p lietween LERadvantage and rainfall.
Studies conducte.d at ICRISATon similar other comhi.nat ions such
as mil1etjgroundnut 'indicated tha t t.he re1ative advan tage of

intercropping increased with some degree of st re ss but decreased
the re.af ter . Howe-ver , the intercrops were stil1 advantageous over
sol e crops ~der severe stress ~'J (ICRISAT. 1981). On the cont r ar y ,
Fi.sher (197,6) and Stewart C198}1 working in Kenya observe d tha t

maizejbeans intercropping does not of fe r any advantage over sole
cropping under 1i'mited moí.st ur e . Witfi..i.ntfíe Ner theas-t 1 J.1afra' ~

. aI. (1979) and LiTa--'et~à1. C1~781 found that Ln te r crop s -of -mai ze.,'
lieans were advantageous on1y tn good rainfa11 yeaTS. These
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cantradicting results r a i se d douot s whether interc[ú}J}i.Lng o{ícJ..::>

any genuine advantage over sole crops especially in drought prone
areas.

Generally 40 000 to 50 000 plants/ha have been found to be
aptimum for sole crops of maize and cowpea (Espinoza ~ aL, 19"80,
Dale and Shaw, 1965 Braga Paiva & Albuquerque, 1970) while in
intercropping alternate r ows or 1 maize : 2 cowpea w i th half the
aptimumof sole maize and full.p()pulation of cowpea have given the
maximumadvantage (Rao and Norgado, 1983). However, these
papulations can not be generalised to alI situations, considering
the strong plant population x moisture interactions and high l.y

variable seasonal moisture in 'sertao'. To cite an example, studies
af Stewart (198l) and Espinozaet aI. (1980) 3howed that under
paor moisture conditions 20 000 plantsJha is sufficient for sole
maize. Very little quantitative information is availaole-on the
effects of population x water in intercropping and this can be
obtained only through studies with contrGlled water application.
In th.í s context the following expe r í.men t was taken up to study'
i) the effect of different levels of water appLi cat ion on
intercropping advan t.age of maize/cowpea and ii) to determine the
optimum populations for maize and cowpea in sole and intercropping
at different moisture regimes.

MateriaIs & Methods : The expe r Imen t was conducted in the nonrainy
period during May to September 19:83 at tne Beliedouro Experimental
Farm oI CPATSACenter. Tfiê soil was a light textured lat050l of
medium depth but with poor nutrient status (TabLe 2.4.1). The
treatments consí st.e d of th.ree populations of 20 000, 40 000 and
60 000 pl an tsZha for sole mai ze and sole cowpea (Ml' M2 & M] for
maize and Cl• C2 & C3 for cowpea respectively} and three
intercropping t r ea t.ment s with 10 OUO. 20 000 and 40 DOO plants/ha
of maize agai'nst a const ant cowpea pcpu l at üon of 4Q OUOplantsjha
(m1CZ' m2C2,& m3C2 respective.ly). A high population of cowpea was
use d in intercropping be cause it Ls t.he ilnportant componerrt , These
ni.ne t.r eat.ment s were ~andomised I.n each. of four replicatians. two
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Different levels of water application was created across the
plots by a closely sp aced (6 m apart) sprinkler line which
produces a water application pattern that is uniform along the
line out is variable across the line, applying maximumnear the
line and decreases with distance away from the line with little
or no water at ahout 14 m (Hanks~!:! -aI. 1976). The expe r í ment was
laid out such that the sp r í nk.le r line Li es parallel to the
prevailing wind (Eas t-swe s t ) to minimise the e f f ect of wind on
water applicatiOn, and for the s ame reason irrigations were given
in tlie evening when wind velocity was minimum. The crop rows were
perpendicular to the sprincker linc. The plot size was 14.5 m
length and 3.75 m .width in the cas-e of sole crops (5 rows) and
the same lenth but 5.25 fi width in the case of intercropping (7
rows). Leaving a border of 0.66 m on either ends, it was devided
into five suoplots of 2.66 m which gave whole numoer of plants
for al l populations use d in t.he study. At each irrigation small
bucket collectors were placed at the center of the subpl ot to
measur e t.he quantily of wat.er applied. The water lneasured at the
center was treated as the water applied to that suhplot. The
sprinklers were opor at ed at about 3 bars pressure and in most
occasions they wetted a radius of 13 to 14 m. For convenience of
measuring, the bucke t s were positioned in t.he .plots of low canopy
sole cowpea and they were raised with the height of the crop
using .s t ones . Water applied t.hr ough uniform irrigations was also
measured hy keeping fiuckets at random over the experimental area.

Sowi.ng was done on 23-24 May using 3 to 4 seeds per hill.
Both. the crops were plan ted Ln 75 cm row-s and the in te rcrop was
tn alternate rows at 7S cm. A nasal dose of 50 kg P20S/ha was
appl i.ed, An uniform irrigation of 30 mmwas applied on 25 May.
Another uni.form irrigation was given on first June and soon the
crops were thinned to the required s tand . Forty kg of ni trogen/ha

~ applied to so l e maize in two spli ts, one half after thinning
and the othe r hal f one month later followed oy an uniform
irrigation. A total of 87 1IUIl was gí.ven by the three uniform
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line source system, applying at each time about 40 to 45 mmin
the first subp10t (Fig. 2). The total water app1ied, inc1uding
the 87 mmof uniform irrigations and 18 mmof rain during the
experiment, was 391, 356, 281, 196 and 124 mm for the mai2e cyc1e
and 295, 273, 213, 149 and 112 mmfor the cyc1e of cowpea
respective1y in the five suop10ts from the sprink1er 1ine. The
pan evaporation was 542 mmduring cowpea growth and 910 mmfor
the maize period. The crops were weeded and protected against
pes t s as and when necessary. Cowpea was sprayed twice, once wi th
Nuvacron against jassids and aphids and anoth.er time with Ambush
to contro1 borers. Maize required three sprays of Ambush to
contro1 stem borers. Cowpea was harvested on 3 August, 70 days
after p1anting, whereas maize was harvested on 15 September, 113
days after p1anting.

Gra í.n and stover y-ie1ds' were estimated f r om each subpLo t by
harvesting two central r ows of 2.66 m.Leng'th. in sole cr ops and
four rows (2 maize and 2 cowpea) in intercropping. But, however,
on1y the grain yie1d is considered here to i11ustrate the
adaptation of 1ine source system for an intercropping study and
the effects of water and popu1ations. Per t i Lit y variation
af fe ct.ed tlie treatment effects in one rep1icatiOn. 50 in the
final ana1ysis t.h.e resu1 t s of onl y rh.re e rep1ications were
cons í der ed , Since the moisture I eve Ls were not randomized, a
formal ana l ys Ls of variance can not be done , But to provide some
basis for comparison of the effects of treatments, the resu1ts
were ana1ysed as for t.he st.r í p+pLot design whLch. rs the neare s t

one to the 1ayout wher e strips of popu1ations and cropping
syst.ems were running iu one direction across the s t r ips of

FM .~.Y.i
moi st ure Lev eLs in ano the r díre.c t í.on , CTablé -i). In such of these
des igns with sys t.emat í c arrangement, the be s t approach wou1d be
to fit appropriate regressions hetween yie 1d and the conce rne d
factor and ana Lys-e the t r en ds of the effects. So regressions were
fitted he tween total water app1ied and yie1ds at each popu1ation
of different sys-tems , Land equiva1ent ratios were calculated
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Tab~e 2.4 • .1. Charac~eriza~io~ of soil under the rnaize/cowpea inteTcTo~ping studies. "1.982.

Texture Bulk Moisture at Organi C
Available nutrients

Sand Si1t C1ay dens i ty 1/3 bar 15 bar rnatter P K N03O) - (g/cc)- O) % (pprn) rne/100g pprn

86 3 11 1.54 7.41 3.76 0.41 12 0.18 39
88 2 10 1.5 2 6.95 3.22 0.46 14 0.19 39

Tab1e 2.4.2 Ana1ysis of variance for rnaize and cowpea yie1ds.

Source De gree s of Maize yie1d Cowpea yield
f re e.do m Mean Squares F Mean Squares F

2 3,040,123.87 2.01 47,166.14 < 1
1 13, °42,4 °1.36 8.60* 2,327,419.22 34.5**
2 52,258.40 < 1 11,310.86 < 1

2 346 ,214 .86 < 1 139,870.69 2.07
10 1,510,745.25 67,511.30

4 10 ,736 ,363.63 37.76** 53,162.69 3.42
8 284,287.27 15,559.27
8 702,004.01 2.03 14,873.64 < 1
8 200,353.2 < 1 1,792.44 < 1

4 431.451.93 1.25 42,188.57 2.45
40 344,420.71 17,018.01

N
N

89
.* ~;"n;+;r~n~ ~~ ,~

Rep1ication
Sole vs Intercrop Systerns
Populations within sole
Popu1at~onswithin intercrop
Error (a)
Moisture
Error (b)
Population in sole x moisture
Popu1ation in intercrop x
mo í s t.ure
Systern x rnoisture
Error (c)

Total
* c j ou; f j c o n t º + ç 9.
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Results & Discussion: The variable quantltles of water applied
through the line source system is shown in Fig. 2.4.2. The
applied water remaineà fairly uniform on either side except on
two occasions when wind affected the distrinution pattern, once
applying more water on northern side and on another occasion more
on southern side. As a result of the above differences in
opposite directions, the total water applied was similar on both
sides and deviation from the expected (indicated by broken line
in Fig. 2.4.2) was small. 1n view of this, the results were
averaged over three replications.

• '" "3>.
)) 2. 'Maize and cowpea yields in sole and intercroppingsyste s~<

along with the fitted regress í ons are shown in Fig. 2.4.3~'The
intercrop maize yields were significantly lower than those of
sole maize (Tanle 2.4.2). They varied from 44% to 83% of the sole
crop at different maize populations. This was because population
in intercropping was only 50% of that of sole crop at the first
two levels and 66% at the highest leveI. Besides this, cowpea
might have given some competition to maize in intercropping. Maize
yields increased with increase in the available moisture. 1t also
responded to population but the response was detenrnined by the
available moisture. Similary, the population x moisture
interaction was also dependent on the cropping system. At 20 000
plants/ha, sole maize reached its peak yields at 356 mm and
dropped a little at the highest moisture. On the contrary, yield
at 40 and 60 thousand plants/ha increased linearly wi th water
suggesting that the available water was not sufficient for these
high populations to reach their potential yields. However,
intercrop maize yields increased linearly at alI the three
populations. 1n other words maize associated with cowpea required
more water t~an the corresponding sole crop treatments.

The interaction of water x population in sole cropping was
significant at 10% p rob ab i.I í t.y, Re sponse to population was
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levels. At the third leveI (281 mm) alI the three populations gave
similar yields, but at the two lower levels 20 000 plants/ha
gave the highest yields. Obviously, under limited moisture high
populations suffered from stress effects more than the low
populations. The population x water interaction was not
significant in intercropping but the effects to a certain extent
were similar to those otiserved in sole cropping. The advantage
of high populations (20 000 and 40 000 plants/ha) was noticed up
to 281 mm below which the low population of maize (10 000 plants/
ha) was found to give higher yields ..

Cowpea yields also increased with moisture, but unlike in the
case of maize the rate of response was less. probably due to its
low water requirement. It gave atiout 450 kgJha with 112 mm of
water and increase in yield for an additional 200.mm of water was
only 250 to 300 kg/na. Compared to this. maize gave an increase
af 600 to 1800 kg depending on the population. Unlike in the case
of maize, where the fitted regressions between yield and the
applied water explained 76% to 99% variation in yield. the
regressions in the case of cowpea could explain only 53% to 90%.,
variation, that too only in sole crop (Table 2.4.3). There was no ~
significan~ relationship between yield and water in intercropping
implying that tiesides moisture other factors (such as competition
from maize) might have affec~ed the yield heavily in this system.
Response of cowpea to population was also not marked. The
populationSof 40 and 60 thousand plantsJha gave only slightly
higher yields over 20 000 plants/ha up to 213 mm of wa te r , but the
differences between the three populations narrowed at less than
the above water leveI. Thus. cowpea was less responsive to the
inputs of wa te r and populations. Intercrapping affected cowpea
yields significantly and the drop was more with higher populations
of maize. Its yield in assocd at í on with 20 000 and 40 000 plants/
ha of maize were only half that obtained with 10 000 plants/ha of
maize.



Table 2.4.3.- Fitted re~ressions for maize and cowpea yields against the applied wateT.

Sole rnai ze

Ml y = -221 + 16.72x - 0.0229 x 2 2r> .:: 0.99
M2 Y = -549.86 + 10.65x 2 .::0.98r
M3 y .::-47.4 + 9.21x 2 .::0.96r

Inte rcr0.E.

M1 y = 383 + 4.24x r2 .::0.76
M2 Y = -384 + 7.15x 2 ..:: Q.!tAr

2M3 Y = 119 + 6.2x r .::Q.86

Sole cowpea

C1 y = 405 + 0.71x 2 .::0.53r
C2 y = 261 + 1.64x 2 = 0.77r

2C3 Y = 307 + 1.39x r = 0.90

N
O'



Rnt-h rn"17P

M1 population and
t
456 kg/na at C1 population respectiveIy) even at

the Lowe st, quarrt i f y of wa t er app1ieel i.e. 1241Tlll1anel 112 mm of
water respeetively. This raised doufits whether the erops were
benefitting from water tao.le. The CPATSA Experimental Farm is
situated in the middle of the Bebedouro irrigation project where
'i~Ler La1i1e h.as been genera11y h.1gh. ln Lhe expe rLmerrt aI are a
there was no free water table within 1 1/2 m but the profile had
moisture below 60 em depth at the time of sowing. Periodie
observations did not indieate the presenee of water table within
the root zone but it might still bepossible that the erops,
partieularly eowpea, benefitted from sub soil moisture. This
gains strength from the faet that while the regressions of maize
yields against available water had negative intereepts, those of
cowpea had positive intercepts. Therefore, the results of the
study have to be eonsidered in the light of this limitation.

Land equivalent ratios (LER): LER IS of individual components and
totaIs of different intererop treatments are given in Fig. 2.4.4.
These were calculated at eaeh moisture leveI using the highest
sole crop yields, t.hat is the yields of M2 and C2 in 1 to 3
moisture levels and those of Ml and Cl in the remaining moisture
Ievels. At ml popu lat i.on, the proportional yields of maize and
cowpea were similar in .good -moisture. but with deerease in
moi sture , cowpea became more competitive and increased its
proportional yield over that of maize. The total LER1s exceeded
1.0 at alI' mo i.st.ure levels and the be st of 20% advantage wa s noted
in the range of 200 to 280 mm of applied water. At lower than 200
mm of water the advantage dropped to 10%. At mZ population, maize
was competltlve to cowpea up to 280 mm of water producing 67% of
the sole crop yields. Cowpea was again dominant at the other
extre~e of moisLure. Total LER1s at tEis population did not exceed
1.0 at any of the water levels indicating no advantage for
intercropping over sole CTOpS. In facto it was disadvantageous in
low moisture regimes. A t m3 Level , -ma i.ze was mucli more dominan t to
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from 70% to 49% of the corresponding sole crop with a decrease in
moisture from 390 to 124 mm. lntercropping again did not present
any advantage over sole cropping. The advantage of having low
populations in low moisture regimes would be evident much more
clearLy if LER' s were to fie calculated us in g the s-ole crop yields
of the generally recommended 40 000 plants/ha. While intercropping
rith.hi.gh ma i ze popul at i.ons (m2 and m.3) di d not show any
advantage over sole crops, the same with low maize populatian
r~l) gave 30% and 47% higher yields at 196 mm and 124 mm of
applied water respectively.

The advantage of intercropping was thus confined to only the
combinations of cowpea with low population of maize and 200 mm
and above of applied water. Subsistence farmers interested in
both the components can opt for this system as it represents an
efficient land use practice. Although intercropping did not show
worthwhile advantage when maize population was, increased from
10 000 to 20 000 plants/ha, absolute yields were higher with high
population in better moisture conditions. However, most experiments
that reported 20% to 30% yield advantage for this combination

,~

have used 20 to 25 thousand plants/ha of maize and 40 to 50
thousand plants/ha of cowpea (Rao and Morgado, 1983; Mafra et aI.

"lI\ -

1979; Farisetal. 1983). The strategy in rainfed agriculture
should be such that the selected system exploits fully the better
water resources in a good year and yet daes not run into the risk
of total loss in a poor year. Since z.he type of se ason ahead can
not be predicted in advance and hence the appropriate sys tem , the
ideal approach seems to fie to plant high populations initially
and thin later to t.he required st and as the season p rogresses , lf
the season appears to be normal with 3QO mm ar more of effective
rainfall 20 000 plants/ha af maize can be maintained, but if the
available water 1S likely to falI short of this quantity the
maize stand Ls tTiinned to 10 000 plantslha. lf t he rainfall is
dountful to provide at leas-t 2QQ mm of avai:lalilewater maize may
he completely remove d Le av ing only t1re drough.t tolerant cewpe a to
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efficient use of the available resources in any given season with
little ri sk .

Water was applied in this experiment in small quantities and
at regular intervals, 50 a high percent (say 90%) of it must have
been utilized by the crop~ This may not be the case with rainfall
in real world situation. Rainfall is highly variable within and
over seasons in the semi arid tropics which coupled with shallow
50ils make only 50% to 60% of the seasonal rainfall to be
effective for crop growth. On this basis , the results o f the
present experiment suggest that intercropping may not give
worthwhile advantages over sole cropping if the rainfall is less
than 350 mm. A majority of experiments conducted at CPATSA in the
Iast 3 to 4 years on maize/cowpea and moco cotton/cowpea did not
5how any advantage for intercropping when rainfall was 300 to 400

mm per year. However, further experimentation is required to
confirm these results and to identify alternate crops and crop
combinations that may have potential for this region.

Farmers interested in total returns would be better off by
growing sole maize because of its high~r yield potential. Returns
from cowpea did not match those of maize due to low yields, and
they would be comparafile only if cowpea is valued four times that
of maize. Of course.t.hepotential of cowpea might have been
underestimated in this study be cause of low temperature during May
to August. Although intercrop returns were higher than those from
sole cowpea, they were lower than those of sole maize.
Intercropping will be remunerative to sole maize provided cowpea
15 three times more costlier than maize. At present cowpea costs
only 1.8 times that of maize.

2.5- Weed Control by He rb ícíde s in Cereal/Legume Intercropping
Systems

Weeds cause seve.re yield losses in the semí.s-a rid trop i cs , Small
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hand implement called 'enxada' (a spade w i th long handle).
Herbicide use is Iimited to only cash crops in the 'mata' zone.
Labour is not often sufficient to cope with the weeds and it is
a common sight to onserve crops nBavily infested with weeds.
Herbicides are definitly beyond tne reach of subsistence farmers,
but those who operate more than 10 ha holding may nave to depend
on them for timely and efficient weed control, because the
limited family labour may not be sufficient and hired labour is
scarce during periods of peak agricultural activity. But selection
of suitable herbicides for intercropping systems is not an easy
task particularly for those with diverse crops such as cereal/
legume systems. A preliminary experiment was conducted to evaluate
the efficacy of some promising herbicides on maize/cowpea and
sorghum/cowpea systems.

MateriaIs & Methods: Three herbicídes were examined each at two
levels in maize/cowpea and sorghum/cowpea systems. These twelve
treatments together with two weed free checks, one each for the
two cropping systems, were evaluated in two repIications of a
randomised bIock designo Details of the herbicide treatments are
as follows:

Dual (MetolacQlor)
Herbadox (Pendimenth~lin)
Basagran (Bentazon)

Doses used
Cl,/ha)

2,5, 5,0
2.0, 4.0
1.5, 3.0

Type of applicationHerbicide
pre-emergence
pre-emergence

JlO5t-eme rgen ce

TQe crops we re pl an te.d on 2 May 1~8 3 on 75 cm ridges. Each
plot was 5.25 m x 6.0 m with seven rows and in intercropping the
row arrangement was 1 cereal : 1 cowpea. The pre~emergence
herbi ci des were applied on 4 May 1983 while t.he p ost+eme rgence
one was appIied on 24 May after the weeds appeared. The area was
fertílized wi th 50 k.g P20S/fia b asall.y and the cereaIs were top
dresse d later witn 4a kg N/na in two sp li t doses, There was a



TABLE~~Effect of weed contro~ by herbicides in maize/cowpea and sorghum/cowpea
intercropping.

Maíze-Cowpea Intercropping Sorghurn2-CowpeaHerbicide Yie1d (kg/ha) Yie1d as % check LER1 Cowpea %
Maize cowpea Maize Cowpea (kg/ha) Check

Dua1(2.5 .t) 3910 285 110 90 1.11 288 90

Dua1(5.0 .t) 2660 320 75 100 0.89 192 60

Herbadox (2 .O .t) 2503 377 71 119 0.92 634 198

Herbadox(4.0 .t) 1870 356 53 112 0.77 455 142

Basagran (i. 5 .t) 2243 342 63 108 0.83 320 100

Basagran(3.0 .t) 2874 224 81 71 0.83 185 58

Weed free check 3543 317 100 100 1.07 320 100

1LERs were ca1cu1ated using the yie1ds obtained for sole maize (4877 kg/ha) and
cowpea (922 kg/ha) in a neighbouring experiment conducted in the same period using
the same cu1tivars.

2sorghum stand was not uniform and was damaged by birds severe1y.

Vi
N
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area. The crops were irrigated (15 irrigations) and protected
against pests as and when needed. The weed free checks were
weeded thrice to keep off the weeds. Cowpea (Pitiuba) completed
its cycle in 76 days, and maize (CentralmeÃ) matured in 128 days.
Sorghum did not est ab Li sh well and was a lso heavily damaged by
birds. Yields were estimated from a harvest area of 3.0 m x 4.68 m.

Results & Discussion: The herbicide Dual controlled weeds
reasonably well. Cowpea exh í.bi ted mild phy tot ox í c í ty in the form
of wrinkled leaves in the-beginning, but it soon recovered and
grew normally. However, 2.5 Z/ha seemed to oring about good weed
control and it should be preferred over 5 l/ha as a safe leveI to
both the crops. Both crops produced almost similar yields as that
of weed free che ck and the combined yields showed a 11% advantage
for intercropping over sole crops. At 5.0 ~/ha maize yield was
affected resulting in a total LER of only 0.89. Herbadox did not
cause any injury to the crops but was less effective against
weeds. Hence maize yields were 30% to 47% less compared to the
check. Cowpea yields were normal because of less competition from
maize. Basagran caused leaf burning in cowpea and was not as
effective as Dual against weeds. Maize showe d 20% to 37% decrease
in yield compared to the check and the combined yields were only
0.83 at both levels of application. In the absence o f sorghum
yields, the usefulness of these herbicides for sorghum/cowpea
system can not be indicated. However, the study did show the
prospects of identifying some herbicides for cereal/legume
intercrop systems. Future studies should involve more chemicals
and snould preferably be evaluated in rainfed situation because
available moisture (i.e. rainfall) can vastly modify the
effectiveness of some he rb i cí.de s .
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(i) The rainy se ason in much of the 'sertão' is limited to only 2
1/2 to 3 months. But maize and sorghum genotypes currently in use
require a m in i.mum of 120 days and experience stress at cri tical
grain filling stage. Therefore, efforts must De made to identify
short duration gerio type's, pr-ofiafí Ly tha t complete t.heir cyc le in
aliout90 to 100 days. CPATSA should establish good cooperative
1inks with the Maize & Sorghum Center and should screen a large
number of promising genotypes of these crops in the above maturity
range.

(ii) The limited rainfall and poor soils of 'sertão' can not
support high populations. The p resen t studies indicated that the
optimum for sole maize would De 40 000 plants/ha while the
optimum of solemillet or sole sorghum would be around 100 000
plants/ha. In intercropping maize requires less than 20 000 plants/
ha while millet and sorghum need around 50 000 to 60 000 plants/ha.

li Further studies are required to define the op t i.mum populations
in relation to the available seasonal moisture. The row spacing of
50 cm appeared to be narrow. A wider spacing of 75 cm to 100 cm
may óe practical, and such a spacing avoids early competition for
moisture and facilitates planting of intercrops on ridge and
furrow systems. However, at such wider spacings row arrangement
options are limited to alternate rows or at the maximum 1 cereal
2 legumes.

(iii) AlI our experiments were conducted on a flat land. Recent
studies at CPATSA have shown that some broad ridge and furrow
systems can improve 'insitu' moisture conservation. The intercrop
systems can be adapted easily to these land management systems
without sa cri fyc i n g much on populations. Future intercrop comparisons
should preferably fie done on the most promising land management
sytems.
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maize reduces disease incidence on cowp ea , bu t no quantitative
information is avaiIanIe on this. Recommendations õased on we]]
protected experiments at research stat í on s may not br ing out the
expected resuIts on farmer's fieIds who generally operate under
moderate or no protection. Studies should soon oe initiated to
examine how intercropping affects pests and dieseases compared to
the sole crops. These studies are Iimited in the Northeast partIy
due to the Iack of sufficient staff in this area.
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Fertilizer studies are important to understand i) how
intercrops respond to nutrients ii) at what fertility leveI the
farmer is likely to get maximum intercropping advantage iii) what
modifications are required to the sole crop based recommendations
for intercrop systems, particularly when one of the component 1S
a legume. Moreover, nutrient ~esponses can not be treated
independent of responses to water because of strong interactions
between these two factors. Since water is the most limiting facto r
and is highly variable in the Northeast, a single blanket
recommendation can not be made for alI situations. Very few
studies were conducted at CPATSA on fertilisation of dryland
crops. hence the following two studies were initiated.

3.1- Response to Ni trogen Fertilisation of Sole vs Intercropped
Sorghum

The objectives of the study were to (i) examine whether legumes
would modify the response of an intercropped sorghum to nitrogen
compared to that of sole sorghum (ii) evaluate the current season
and residual effects of an intercropped legume and (iii) evaluate
the relative advantage of intercropping at different levels of
fertili ty.

MateriaIs & Methods: There were four ni t rogen levels (O, 40, 80
and 120 kg N/ha) to sorghum in sole cropping and intercropping with
cowpea. These eight together with two other treatments - a sole
crop of cowpea and a fallow - were randomised in each of three
replications. Sole sorghum was planted at a density of 150 000
plants/ha in 50 cm rows while in intercropping it was planted at
half the density of sole crop. Accordingly, intercropped sorghum
received only half the doses of nitrogen applied to sole crop.
Cowpea was planted in both systems at 40 aoo plants/ha at 50 cm
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Tab1e 3.1.1

Effect of nitrogen fertilization on sorghum a rd cowpea yields in
sole and intercopping

Syst em
kg N/ha

Sorghum
Gra in straw Tro t a I

dry matter
(kg/ha) ----------------

Cowpea
Grain

&> 1e 9J r g ht;lm

o
40
80

120

251
1 29
217
234

3580
3785
3539
4197

3831
3914
3756
4431

Sole Cowpea 417

Intercrop

o
40
80

120
SE+

669
236
779
249
203

2099
2139
2057
1.893

238

2768
2375
2836
2142

228
154
215
1 ::,8

28

1.27
0.98
1.28
0.86

1 LER of sorghum is based on total dr~atter.
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row::,.lHe .i n t.e rcrop io w arran gerne n t was .1 sorgnum : L. cowpea at a
uniform 50 em. Large plots of 5 m x 29 m were used so that the
response of another cereal to nitrogen can be studied in the
subsequent season in each plot at three leve1s. These responses
would enab le to permi te the residual effect of sole vs
intercropped cowpea.

Crops were p1anted on 19 January 1983. The area was ferti1ised
basa11y with 50 kg P20S/ha and different 1eve1s of nitrogen were
applied on1y to sorghum in two equal splits after thinning of the
crops. Rainfall during the crop growth was 335 mm. Cowpea required
six sprays of Nuvacron whi1e sorghum required the same number of
sprays with Ambush. Drift from cowpea sprays caused phytotoxicity
on intercropped sorghum. Sorghum (cv. IPA 1011) matured in 139
days whi1e cowpea was harvested in 79 days. Cowpea yie1d was
estimated from 21 m2,but because of high variabi1ity in sorghum)
it was estimated from 81 m2.

This experiment was p1anned to be conducted at two other
locations, one in Rio Grande do Norte (Mossoró) using sorghum/
cowpea and another in A1agoas using maize/beans. But it cou1d not
be p1anted in Al ago as. as there was no sufficient rainfa11. It was
p1anted at Mossoró but the crops did not come up we11 and had to
be irrigated frequent1y.

Resu1ts & Discussion: Cowpea gave a reasonab1e yie1d in sole
cropping at 417 kg/ha (Tab1e 3.1.1). But it averaged in
intercropping 188 kg/ha representing on1y 45% af the sole crop
yield. The competi tive effect of sorghum increased with nitrogen
ferti1isation and consequent1y the cowpea yie1d decreased from 228
kg at ni1 nitrogen to 158 kg at 120 kg N/ha. Sorghum grew we11 up
to boot 1eaf stage but thereafter suffered from severe moisture
st ress resul ting in high1y variab1e yie1ds across different
treatments. On the basis of total dry matter, there was no effect
of nitrogen in sole cropping but the highest leveI seemed to have
a detrimenta1 effect in intercropping. Inspite of hav í ng on1y 50%
of sole crop popu1ation~ intercropped sorghum averaged 64% of the
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than the sole crop which suggests that sole crop at 150 000
plants/ha experienced greater competiton for moisture than the
intercrop. In future studies sorghum populations must be reduced
to 90 000 or 100 000 plants/ha in sole cropping. The combined
yield of both crops exceeded a LER 1. O only wi th nil ni trogen and
at 8Q kg N/ha. In view of the variable results, no useful
conclusions can be drawn.

The expe rime nt was si ted on a newly cleared area , and cowpea
was not inoculated. It showed nitrogen deficiency symptoms for a
long time in the early stage and observations revealed that
nodulation was very poor. Our attempts to get rhizobium inoculum
were not sucessful primarily because no institute in the Northeast
has a microbiologist working on legumes. Under these circumstances
one can not expect any beneficied effect of legume to the
associated cereal or subsequent crops. Therefore, it was decided
that this trial should be repeated next year inoculating cowpea
with appropriate rhizobium. The variability in sorghum was
primarly due to soil heterogenity. The general practice of
conducting expe r í me n ts immediately a.f t er clearing the~and should
be avoided. At least one cover crop should be raised before
utilising the new Land forve xpe riment.s.The other changes that need to
be made in the trial are i) plant the intercrop in alternate rows
on appropriate ridge and furrow system ii) reduce nitrogen levels
to O, 30, 60 and 90 kg N/ha.

.1

I·
I

3.2- Response of Maize/Cowpea to Nutrients, wa ter and their
Interactions

Tne objectives of the study were i) to compare the response to
nutrients of maize/cowpea intercrop with those of the respective
sole crops and ii) to evaluate the interaction of nutrients and
water on sole crops of maize and cowpea and their intercrop.
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ane during August - December 1982 and the second one during May -
Septemher 1983 with controlled water application. In the first
experimen~, combinations of two levels each of nitrogen and
phosphate were examined at three moisture regimes in sole and
intercrops. Nitrogen was applied only for maize. The treatments
ve re :

Wa~er regínes
11 lrrigation at 7 day interval Nutrí.entlevels

11 lrrigation at 14 day interval Scile'Maí.zeSole wWpe a Intercrop
12 Irrigation at 21 day in~erval N oP O N oP Q N oP O

N QP40 N QP4Q N OP40
N60P O N QP40 N60P O
N60P40 N60P40

The trial was conducted in a spli t plot design wi th three
replications. Lr ri.gat ion s were in main plots and the nutrient
IeveIs in subplots. Crops were planted on 120 cm beds with two
rows per bed. Each plot wag 6 m x 9 m having ten rows from which
six rows of seven meters were harvested fo; yield (25.2 m2).

Crop details were as follows: Cowpea - cultivar Pitiuba,planted
at 90 000 plants/ha in sole and intercrop, harvested at 75 days.
Maize - cultivar Centralmex,planted at 50 000 plants/ha in sole
hut half of that density in intercrop, harvested at 123 days.
Therefore, intercropped maize was fertilized at half of the levels
used in sole. In addí.tíon to the two un i form irrigat:ions given to all
treatments for establishment of crops, 11 received 468 mm of water
(440 mm in 12 irrigations + 28 mm rain). While 12 & 13 about 178 mm
(150 mm in five irrigations + 28 mm rain). Due to some practical
prohlems 12 & 13 could not be maintained at sheduled intervals and
finally they were treated as one treatment.

The treatments were modified in the second year: three
irrigation intervals we re t.here for b oth systems b ut oni·y ni trogen
levels (O., 40 and 80 kg N/h.a) were included for maize in sole and

I
i'

I
.1
.•I
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Tab le 3. 2 • 1-
Effect of fertilisation and two 1eve1s o f water app1ication on maize/

cowpea intercropping, Petro1iina 1982 .

.-
Ferti1iser/ Irrigation Lev e I 1 Irrigation 1 eve1 2
systm 'gaize Cowpea LbR Malze Cowpea LER

Sol e Maiz e- ---------- --------- -(kg/ha)- -------- --------

No P~ 1253 264

No P40 1534 163

N60 Po 1128 250

N60 P40 1521 132

Sole Cowpea

Po 1649 1427

P40 2006 1014

Intercrops

No Po 1017 799 -1 .29 167 689 1 .11

No P4,.'Ü 847 778 0.94 118 580 1.29

N60 Po 1382 687 1.64 100 622 0.84

N60 P40 927 861 1.04 90 597 1 .27
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of a randomised block designo The crops were planted on 75 em
ridges and intercrop was established in alternate rows. Cultivars
were same as before, and the only change was that maize was
planted at 40 000 plants/ha in sole cropping and at half that
density in intercropping. Different quantities of water applied ln
the three irrigation treatments were 300, 200 & 130 mm
respectively during the maize cycle out 260, 170 and 100 mm for
the cowpea cycle. These amounts were in addition to four common
irr í ga t í.ons used for establishment of crops and 20 mm of rain
after cowpea was harvested. Cowpea was harvested in 80 days and
maize in 125 days.

Resu1ts & Discussion: Maize did not grow we11 in the first year
and inspite of frequent irrigations it gave on1y 1.1 to 1.5 t/ha
in sole cropping (Tab1e 3.2.1). Where 1imited water was applied,
it produced very 10w yie1ds. This cou1d be part1y due to the hot
dry weather conditions that prevailed during August to December.
~sponse to ferti1ization was 1imited; on1y phosphorus gave about
28% higher yie1d in sole cropping, but intercrop showed no response
to either of the rrutrients.

Cowpea a1so responded to pho spho.r'usonly in sole cropping
L22%) and with 7 - day irrigations. The resul ts were highly
variab1e particu1ar1y in the second and third 1evels of irrigatio~
with some plots fai1ing to produce any worthwhi1e yield. The area
was under fal10w for two seasons before it was used for this

,
experimento There must have been a high bui1d 11P of N03 - nitrogen
in the profile during the fal10w period. Nitrate nitrogen forms
on1y a small fraction of total nitrogen but is alI readi1y
avai1ab1e to crop growth and is important under up1and conditions.
This could be one of the reasons for 1ack of response to nitrogen
aIthough the soi1 was very 10\\/in total ni trogen status.

The combined yields (i.e. LER) exceeded 1.0 in some cases
indicating an advantage for intercropping. But there was no
def í.n í t e trend in LER advantages with regard to ferti1ization or



TABLE~2~Effect of different levels of irrigation and nitrogen on sole crops of maize and cowpea and thei;
intercropping, 1983.

Nitrogen
(kg/ha)

Irrigation 1 Irrigation 2 Irrigation 3__------
Sole Inter~rop Sole Intercrop Sole Intercr~~p~ _

Maize Maize Cowpea LER Maize Màize Cowpea LER Maize Maize Cowp~a LER
(kgjha) (kgjha) , lkgjha} __ --

663 1.25 3176 571 540 0.75 558 952 552 2.35

531 1.02 2014 1752 709 1.62 1314 1700 542 1.93
r

592 1.05 5442 2900 651 1.22 3248 2014 462 1.16

970 1.00 945 1.00 853 1.00

300 200 130

Summary of Statistica1 Ana1ysis

o 3355 1895
40 3676 1752
80 6080 2680

Sole Cowpea

Variable water
applied(mm)

Factor Maize Cowpea
'F'test SE LSD(0.05) 'F'test SE J:,SD (O • O5)

Nitrogen (N) ** 337 971 NS 50
Irrigation (I) ** 337 971 NS 50
Cropping system (C) ** 275 789 ** - 205
N x I NS 585 - NS 86
N x C NS 478
I x C NS 479 - NS
N x I x C hS 826

sÍ-- ~
l ("\c LN

\) ".J
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Maize grew very well in the second year and produced excellent
yields at high moisture and high nitrogen (Table 3.2.2). But soil
heterogenity was still a major problem which resulted in a high
coefficient of variation (> 50%) in maize yields. It was also
suspected that the crops might nave benefitted from water table in
this experimento Nitrogen increased maize yields in sole and
intercropping at alI the three moisture levels but the response
was more in low moisture regime. Response to water was equally
striking. Sole maize averaged 1.7 t/ha at the lowest moisture, an
additional 70 mm of water increased yield to 3.5 t/ha, and with a
further application,of 100 mm of water it averaged 4.4 t/ha.
However, similar responses were not observed with cowpea. At the
lowest moisture (13), sole cowpea gave 853 kg/ha, 70 mm of
additional water improved the yields to 945 kg/ha but more water
did not bring in much change in yields.

Both crops produced lower yields in intercropping than their
respective sole crops. In the first two water levels maize averaged
48% of the corresponding sole crop and in the third leveI it
averaged 99% (due to unusually low yield of sole maize at no
nitrogen). But cowpea averaged 60% of the respective sole crops in
alI the three regimes. With good water supply intercropping was
advantageous only when no nitrogen was applied. But in moderate
water supply and in limited water, intercropping was advantageous
at alI levels of nitrogen, although the degree of advantage
decreased ~ith increase in nitrogen fertility. These results do
give some strength to the popular belief that intercropping would
be less important in high input situations. Together with the
results of section 2.4, it can be said that intercropping may not
have any special advantage over sole crops in unlimited water and
very little water supply but it is most beneficial in conditions
of moderate water supply. However, more tests are needed to
confirm t.he p resen t resul ts with good control on water app li cat i on .
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~.~- SuggesLions IÜr FutUl~ S~udiê~

1. Ferti1iser and water response studies should be conducted
on uniform sites having no water tab1e. One or two cover
crops must be grown before taking up experiments on newly
cleared areas. Inoculation i5 a must for getting. the
potential benefits of legumes, particularly when they are
grown for the fir5t time on new areas.

2. Response to nitrogen was very inconsistent which cou1d be
partly due to build up of nitrate nitrogen during non-
cropping period. N03 - nitrogen must be determined in the
beginning of the experiments. A small study may be
initiated to understand the iate of nitrate nitrogen by
sampling periodically under fallow and cropped areas.

3. Future studies should emphasise more on -pho sphat.e
fertilisation and its residual effects, fertiliser
responses in other crop combinations and crop residue
management.
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NeXL LO cotLOn. CaSLOr is an important cash crop of northeast
Brazil. The deep root system and tolerance to drought make Lhis
crop betLer adapted LO the drought prone Northeast than some of
Lhe annuals. It is grown principally in the states of Bahia,
Pe rnambuco and Ceará whe re more than 50% the area is Ln tercroppe d
with annuals such as cowpe a and beans with or without maize as a
t.hi rd crop. Inspi te of iLS importance, research has been very
limited and whatever little that has been done is not published.
Some work in Bahia staLe indicated that a spacing of 2.0 m x 1.5 m
would give hither yields than the commonly ~sed 2.0 m x 2.5 m
spacing (Cavalcanti, 1981).

In view of Lhe dearth of Lnformatáonon castor , two expe rimen ts
we re iniLia t.ed , one LO study the optimum spacing and pop ulation
in sole .castor and another LO determine optimum pop ulat i on in
intercropping with sorghum or cowpea. Both Lhe experimenLs used a
tall biennial castor (cultivar - Amarela de Irecê). The first one
was iniLiaLed in 1982 by Mr. Josias Cavalcanti before I carne to
PeLrolina bUL I Look iLS responsibiliLy in 1983 when he left for
higher sLudies.

4.1- Effect of Plant Population and Spatial Arrangement on Tall
Castor

The objectives of this expervnent were i) LO find out the
optimum population and spatial arrangement for sole castor ii) to
explore the usefulness of paired row ?ysLem of planting in
comparison with normal rows from the po.i'ntàf i~tercropping and
iii) to evaluate Lhe potential of ratooning castor for second
year í n comparison w.i th a p lant crop.
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3 000 and 4 000 p1ants/ha) in factoria1 combination with three
spatia1 arrangements were examined in a randomised b10ck designo

The arrangements were i) equidistant or square p1anting ii)
rectangu1ar p1anting and iii) paired row system. The spacing for

different popu1ations were as fo110ws:

Popu1ation
Spatia1 arrangements

Square Rectangu1ar Paired P1°tz Harvesf
(p1ants/ha) ( m ) rows size (m ) area (m )

1 000 3.16 x 3.16 5.48 x 1.82 8. 77x2.19xl . 82 159.7 39.9

2 000 2.23x2.23 3.87 x 1.29 6.19xl.55x1.29 79.5 19.9

3 000 1. 82x 1.82 3.16 x 1.05 5.06x1.26x1.05 53.0 13.3

4 000 1.58 x 1.58 2.73 x 0.91 4.38x1.1 xO.91 39.9 9.9

Each p10t had 16 p1ants of which the midd1e four were harvested

for yie1d. The harvest area differed among treatments õecause of

different spacings but yie1ds were computed on hactare basis before

they were ana1ysed statistica11y.

The experiment was sited on a sandy reddish ye110w podzo1

situated in the 10wer part of a watershed 10w in pliosphorus and
ni t ro gen but rich in potassium. The tria1 was p1anted on 6 January

1982 using 4 seedsjhi11. 1t was thinned to one p1antjhi11 1ater.

The area was ferti1ized basa11y with 50 kg P20S/lia and the crop was
top dressed 1ater with 40. kg N/ha in two equa1 sp1i ts. 1t was
weeded depending on the necessity. 'Mamona ca.t e rp iLl e.r ' CCitheronio

'laocoon) appeared at a number of stages hu't i t was destroyed by
hand. Rainfa11 during the experiment was 235mm. The spikes \Vere

harvested and threshed separate1y for primary and secondary
br anches as and when they were mature. A total of 12 ha rve s t s were

made during 26 May - 8 Augus t 1982.

The crop was pruned at about 1 111 he í gh.t just .he fo re rains and
aLl owed to continue in the se corid year (1983). The se ve re drought

conditions from Apri1 to January caused morta1ity of p1ants which



Tab1e 4.1.1

Effect of plant population and spacing on the sole crop of a biennial castor, Petrolina,
1982 - 83

Spikes yie1d(kg/ha) Mortal ity _~Q!!~!!!yI4~~~ª~1 Yie1 d of Yie1dTreatment
pri.r Sec JTo'tal

ratoon inPri. Seco Total 30-12-82 Bo rder Net . Who1 e 2nd ye a i 1 yea
19 82----. P10t P10t 1983 1983

If---- - (no.) -----+ 4---- I- (kgl ha)-- ...•4------- ------ (%) - ------+ 4------- (kg/ha)
Popu1ation t

(P1ants/ha
1000 4. 2 18.0 22. 2 179 141 320 22 18 55 29 230 67
2000 4.0 20.8 24.8 195 198 393 32 36 47 39 283 54
3000 3.6 17.1 20.7 187 193 380 33 46 66 51 256' 90
4000 3.4 9.7 13.1 1 71 99 270 33 51 61 53 250 47
SE+ O. 2 1 .2 - 6 7 30 - - - - 38 --
P1anting
System
Square 3.9 16.2 20.1 190 140 330 26 38 44 40 260 91
R,ectangu1ar 3;5 17,9 21 .4 169 210 1379 32 42 60 46 256 75
Pa ired rows 4.0 15.1 19.1 190 12-3 p13 31 35 69 43 249 37
SE+ 0.1 1. O - 5 18 26 - - - - 33 --

-
* Bxperiment p1anted in 1983.

:~*

....,.
00
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dead p1ants were taken on 30 Deeember 1982 and on 4 Mareh 1983. No

ferti1izer was given to the ratoon erop but it required two
weedings and one spray of Ambush when there was a severe attaek of

' manImag ro ' (Stiphra robusta) and 'marnona eaterpi11er'. Nine
harvests were made in this year during 20 Apri1 and 4 August.

The experiment was repeated in 1983 on a new are a . It was

p1anted on 15 January 1983 in the dry soi1 and the first rain of
33 rnrnon 18 January !!jggered the germination. The treatments were

same as in 1982. the on1y differenee was in p10t size where eaeh
p10t had four rows of 20 to 22 m 1ength. The erop was ferti1ized

with 50 kg P2üS/ha before p1anting and was top dressed 1ater with
on1y the first ha1f dose of 40 kg N/ha (i.e. 20 kg/ha). The total

rainfa11 during the year was 350 mm. The erop gave on1y three
harvests from 8 June to 19 July, 1983.

Resu1 ts & Discussion: Grain y i.el ds , sp ike s and s t an d morta1i ty

are given in Tab1e 4.1.1. Castor gave a reasonao.lé :yie1d of 340

kg/ha in the first year of 1982 experimento The first four

harvests were tota11y from primary spikes whi1e the 1ast six
harvests were from seeondary spikes. Both primary and seeondary

spikes gave some yie1d in the f i.f th and sixth harvests. Yi e Ld was

signifieant1y affeeted by p1ant popu1ation. The Lowes t popu1ation

[1 000 p1ants/ha) gave 320. kg/ha and doub1ing the popu1ation
[2 000 p1ants/ha) h.as h rough.t ahout 22% inereas-e in yie1d. However,

fu r the r â n cre.as e.s in popu1ati.on reduce d yie1d and the highest

popu1ation df 4 000 p1ants/ha produeed on1y 69% aí the maximum

obt a ine d with 2 000 p1ants/ha. Diíferent spatia1 arrangements did
not affeet yie1d. Thus , p1ant popu1ation was more. important for
castor than t.he sp at ía I arrangemen t and one eou1d rea1ise the

potentia1 y i.e l.d by p1anting about 2 noo p1ants/ha. In o the r wor ds

castor ean be planted witJiout any e f fec t on yield at r ow spaeings

varying f r om 2 to 5 m, Sueh a f l ex i.b í li ty in sp ac in g Lmprove s

seope for intereropping without being mueh affeeted.

P1ant population a f fe ct e.d the p r i.mary and seeondary sp ike s ,

With inerease in popu1ation the spikes deereased signifieant1y and
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to yield was only 1/3 as compared to 1/2 at other populations.
Different spatial arrangements did not affect the total spikes but
they did influence numbers of primaries and secondaries. The
square and paired row plantings had more primaries and less
secondaries compared to the rectangular system.

As indicated earlier, there was stand mortality during the dry
period. About 30% plants died by the first observation made on 30
December. The death was generally more in high populations and
harvest area than in low populations and border. The mortality
increased after pruning up to 50% in high populations. This
suggests that competition for water might be the major cause for
death,although some plants died due to stem roto However, the
survi ved plants grew well and produced about 255 kg/ha in the
second year. Yields in this year were estimated on whole plot
basis because more than 50% of the plants died in the net plot, ~ni~
were about 75% of the yields of the first year. As in the first year,
there was no effect of spacing and only population ·had shove d some
influence on yield. The maximum yield was observed again at 2 000
plants/ha.

The plant crop in 1983 gave very poor yields (less than 100
kg/ha) and several plots did not produce any yield. AI though the
crop established we Ll , it di.dnot make good growth because of
severe moisture stress. The experiment was sited on an .elevar ed
area which was shallow and held little water comp ared to that in
1982 experimento Although rainfall was more in 1982, the available
moisture was less which could not sustain the lang cycle castor.
Howeve r, the ratoon crop flowered earLy , and wi th only 50 t of the
initial stand suffered lessdue to mo í stur e stress than the plant
crop.

4.2- Effect o f Plant Population on Castor Intercropped with Sorghum
or Cowpea

The objectives of the study were i) to explore the potential
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'..}1Fig.4.21. Experimental layout and .q rnainplot showing the systernatic a r r ang emen t of
different populntions of Castor in intercropping.
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the optimum plant population for castor intercropped with a
competi tive cereal or low canopy legume and iii) to find out the
viability of ratooning castor for a second year.

MateriaIs & Methods: The study evaluated 13 populations of castor
ranging from 650 to 5786 plants/ha in intercropping with either
sorghum or cowpea. The experiment had three replications and each
was devided into three main plots allocated randomly to i) castor/
sorghum ii) castor/cowpea and iii) five additional treatments
(Fig. 4.2.1.). Castor populations in the first two main plots were
arranged in a .systematic order increasing from one end of the plot
to the othe r at a 20% constant change. Considering t.hat sole crop
optimum is around 2 000 plants/ha. the populations used in the
study represent a range of one third to three times the sole crop
optimum. In intercropping, sorghumwas planted at 150 000 plants/ha
and cowpea at 40 000 plants/ha. The addi tional t re atment s in the
othe r main plot included a) sole castor at 2 000 plants/ha, b)
sole sorgh.um at 150 000 plants/ha. c) sole cowpea at 40 000
pLan ts Zha , d) castor/sorghum and e) cast or Z cowpea , Castor at
different population5 was to fie intercropped only in the first
yea r whereas the extra t.re at.ment s Cd) and (e} were meant to be
intercropped in the second year also to explore the v:iability of
this pr act í.ce , Th.e add ít íona l t re atment s were r andom'ise d an-d in
the other two maí.n plot~s. t.he direction in which the castor
population has to be Lncrea se d was r andomise d Cindicated by an
arrow in Fig. 4.2.1). The intercrop was planted at a row
arrangement of 1 cast or : 5 sorghum or cowpea in 50 cm rOW5, and
for each popul ation there was only one row of castor exce pt at the
ends where an additional row was planted for the extreme
populations as bor der , The h arve st area for each population
consí s.trrd of 1 row of castor and five r ows of Lnter cr op (two rows
on one side and three on t.he other)... One meter hea d bor der was left
to harvest only 7 m long rows for intercrops. but in the case of
castor t.he row length var í ed in dí.Efe re nt populations to harve s t

whole numoer of plants.
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fertilized with SO kg P20S/ha before planting, and after thinning
sorghum and castor were top dressed with 20 kg N/ha. The crops
were kept free from weeds and insects by periodical weeding and
sprayings. Cowpea matured in 80 days from p1anting whi1e sorghum
completed its cycle in 128 days. Rainfa11 during the experiment
was 324 mm,

Results & Discussion: Yields of the intercrops are given in Table
4.2.1. Castor failed to produce any yield in both sole and
intercropping. Cowpea grew norma11y and produced a reasonab1e
yie1d varying from 234 to 433 kg/ha. Its yield in intercropping
varried from 433 to 327 kg/ha. the decrease accompanied with
increase in the population of castor. Sorgnum estab1ished and grew
well up to flowering but from then on suffered due to severe
moisture s tress. Many p1an ts di.d not produce ears and as a resu1 t
its yield was highly variable. It produced good dry matter yield
(3 to 4 t/ha) wh.ích was Less variable t.h.an the grain yield and
indicated that castor was least competi tive to so r ghum. Castor
grew normally untill so r ghum r eached t.he knee hLgh-vs t age but later
it was smothered comp1etely due to competition for both lignt and
water. There didn't appear to he competition for Light in
in tercropping wi th cowpea hut even then it f'ai.l.e.d due to moí.s ture
s t re ss . The sole castor r eache d flowering hut did not produce
yield. The expe.rIment was sited on t.he upperpartof a sLopin g
arca and the s oi I was also very sh.al l.ow.. About 50% of the total
rainfa1l was received Ln one .month. (Peb.rua ry) and most part of the
cropping period remained dry r e.suI t í ng in t.he fai1 ure of sorghum
and castor. These resul ts r ai se serious doubt s about the
possibility of intercropping cas-tor w i th tal1 competitive crops
such as sorghum or maize.

4.3- Conclusions & Suggestions for Future Rese ar ch

i} Castor is hi gh.Iy f l ex íh Ie to p1ant population and spac i.ng
in sole cropping. About 2 UUOplants/na 15 an optimum
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Tab1e 4.2.1
tIIecL ot plant populatlon of castor on castor/sorghum and castor/
cowpea intercropping systems, Petro1ina, 1982.

Trea tments Castor/sorghum Castor/cowpea

C astor1Sorghum Cowpea
P1 ant popu1 atio n Grain Straw Castor1

ofcastor in Kg/ha

intercrop (pl lha)

650 917 4071 412
780 600 3314 417
936 1128 3866 411

1123 453 3452 433
1347 321 3176 404
1616 234 3314 401
1939 58 3245 354
2326 364 3383 372
2791 560 3521 415
3349 385 3521 379
4018 617 3867 362
4822 :1 777 3728 327
5786 540 4142 336
Additiona1 Treatm nts

Sole Castor

Sole of intercrop 774 4100 234

Catorlsorghum(or) 408 2969 453
cowpea

1 Castor fai1ed to produce any yie1d.
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den~ity which CAP hp r]a~t~d ~t
Jwithout any 3ffect on yieId.

ii) Castor can be maintained for two years economical1y. The
ratoon crop, being an a1ready estab1ished onej f Lowe rs early
and avoids moisture stress. There can be. some Loss of stand
due to mortality which needs to be rep1anted.

f10111 2 LU ~ m

iii) Castor is very sensitive to competition and it can not
be intercropped with competi tive cereaIs especia11y in dry
areas.

iv) Future studies on intercropping of castor shou1d be
confined to only with short cycle crops such as cowpea,
miI1et, guar etc. The proportion of intercrops has to be
necessarily Iow in the arid 'sertão'. Spatial arrangements
that would mí n í mi se competi tion between castor and the
intercrops have to be identified. Since moisture is the
most Iimiting factor in the arid areas, efforts should be
made to identify suitabIe Iand management systems for
'insitu' moisture conservation.
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s - ~r0PE ~0R INTERCR0PP!NG n~ CAC!US

Cactus is intercropped with short season crops such as maize,
cowpea, fava or long cycle crops such as .cassava or annual and
perennial cottons. Although the importance of this practice was
noted much earlier (Gomes, 1973, Duque, 1980), very few studies
have actually quantified the advantage of intercropping cactus.
Several studies conducted by SUDENE (1971) revealed that moco and
cactus comp Lemen t.ed we 11 in aIternate row intercropping and on
average was 36% more profitable than sole cotton. This advantage
compared very well to the intercropping of moco with annual crops.
In fact a combination of 3 crops-maize, cactus and moco-was more
advantageous than intercropping of only moco and cactus (IPA,
1981). This three crop system has the advantage that it meets the
subsistence, cash and fooder needs of the farm. There was no sole
crop of cactus in alI the previous experiments making it difficult
to assess the effect of moco or maize on cactus.

Hitherto maize is the only cereal intercropped with cactus,
although it 1S known to be sensitive to moist:ure stress and is
risky. Sorghum and pearlmillet tolerate drought better than maize

. I

and may be better adapted to the conditions of 'sertão'. Only one
study had evaluated the effect of sorghum on cactus in the valley
of Ipojuca at são Bento do Una-PE (IPA. 1981). A proportion of
2/3 sorghum (200 000 plants/ha) and 1/3 cactus (.5000 plants/ha)
in 2 sorghum: 1 cactus over two years gave 83% af sole sorghum
hu t severely suppressed the growth of cactus resul ti.ng in only 23%
of the yield of the so le crop. The refore , the re was no advantage
o f intercropping in te rms of land productivi ty. Increasing the
proportion of cactus to 2/3 (10 000 plants/ha) and lowering that
of s.orghum to 1/3 (100 000 p Lan t.sZh.a) improved the growth of
cactus but still did not give much advantage because of a drop lTI
t.he yield of so rghum , Th.e population of cactus was toa low to

.withstand t.he competi t í on of sorghum in t.he first -p ropo rt í.on
while th.e spatial arrangement might not fie an'~deal one in the
second, .Barfíer studí.es in sole, cropp i.ng had shown t.hat popu Lat i.ons
less than 10 000 plants/ha affect cactus and t.h.at for obt aí.ni.ng



57

lC nnn ~'~_+_/t.._ (T~ __
---' _..........r ----. - - I ..•...•.~ \. .•...•..•..."'''l.A.

et aI, 1974). These studies a1so pointed out that at any given
popu1ation row spacings of 1 to 2 m ar paired row p1anting (with
3 to 3.5 m between pairs of rows and 1 to 0.5 m within pairs) did
not affect yie1d. The wide row spacing may improve the
performance of intercrops and faci1itate field operations.
Obviously, more studies are required involving a range of plant
populations and spatial arrangements to identify the optimum
population and spacing for intercropping.

5.1- Intercropping of Cactus with Annual Crops

Th.e present study was taken up with the f&llowing ob j ecti.ves :
i) to evaluate the advantage of intercropping cactus with sorghum
ar cowpea ii) to determine the response of cactus to plant
population in sole and intercropping and iii) to find out t.he
ideal spatial arrangement for intercropping of cactus.

MateriaIs & Methods: The experiment was conducted in the Dryland
Farm of CPATSA, at Petrolina in Pernambuco. It consisted of 16
treatments, 15 of which were factorial combinations of five
spacings of cactus and three cropping systems-sole crop, and
cactus intercropped with sorghum ar cowpea. The spacings used
were 1 m x 1 m (the traditional narrow row) , 2.0 m x 0.5 m, 2.0 m
x 0.67 m and 2 m x 1.0 m (wider rows) and 3.0 m x 1.0 m x G.5 m
(paired rows) with populations varying from 5 000 plants/ha (2 m
x 1 m) to 10 000 plants/ha (1 m x 1 m). Intercrop rOW5 between
rows of cactus were, one in the case of 1 m spacing. three in 2 m
spacing and five in the interpair spaces o~ the paired rowd l_V rd,;z J.
arrangement. The sixteenth treatment was devived into three sub-
plots, each of which was planted to a sole sorghum , sole cowpea
and a sorghum/cowpea intercrop in 1:2 arrangement. The trial was
laid~out in a randomised olock design with three replications.
The plot s í ze was 120 m2 with dímensí on s of lQ m x 12 ID.

The experimental area was a latosol having profile depth
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by burning. The area was not cultivated but hills were marked
directly by pick axes according to the spacings. Cactus was planted
on 16 and 17 December, 1983 using one racket per each hill.
Although the period was rather unconventional for planting cactus
in that the temperature were very high (38 to 400C) , more than
80% of the rackets established. The limited gaps were filled in
immediately after the first shower. Sorghum and cowpea were planted
on 25 January 1983 following a 29 mm rain on 24 January. The annual
crops were fertilized with SO kg P20S/ha through single
superphosphate alI at planting. The genotypes used were sorghum:
IPA 1011 and cowpea: Pitiuba. Sorghum was planted in a continuous
row and cowpea in hills using 3-4 seeds per hill, but both these
were thinned out 3 weeks later to 133 000 plants/ha in the case of
sorghum and 40 000 plants/ha in the case of cowpea. Fol10wing
heavy showers on 9 & 10 Febo and 28 March, water stagnated in a
few patches but it soon was b aled out , The crops grew well, sorghum
particularly di.dnot suffer from any pests or diseases o But cowpea
was infested wi th j assids and required four sprays of Nuvacron (20
cc/20 L water) o Howevep,j,twas infested around f lowe rí.ngwith a
virus disease whi ch affected the yie Ld , Sorghum was spraye d only
once with carv í n , It was harvested 112 days after planting while
cowpea was harvested finally after 105 days o The h arve st .area
varied across the plots, around 30•.32 1112 for the sole crops and
the sorghum/ cowpea intercrop and 64 to 80 m2 for intercrop
treatments of cactuso Besides grai:.nyields, sorghum stover was also
considered after correcting for the mo í.sture con ten t v T'owpea lost
much of the leaves at t;he time of narvest. so its naulms were not
weighed.

In order to quantify the growth of cactus in sole and
intercropping, measurements on plant he í ght , canopy spread , number
of racke t s , area of the racke ts , and th i.ckness of the rackets were
taken on 8 September 1983. Considering that the racke ts are
app rox imat.eLy eLl í.pt i.c , t.heir area was estimated as for the formula
of an ellipse (22/7 ]C a x b where a and fi are ha lf the length and
width of an ellipse)o The total rainfall during the rainy season
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intercrops.

Results & Discussion: Yields of the intercrops and the growth
characters of cactus are presented in Table 5.1.1. For the rainfall
conditions that prevailed during the yea~ sole sorghum gave a good
yield at 2708 kg/ha. Sorghum yield in intercropping varied from
1712 to 2765 kg/ha but the diff~rences among different spacings
of cactus were not significant suggesting that the observed
variation was mainly due to soil heterogenity. The intercropped
sorghum (2337 kg/ha) represented a high proportion of the sole
crop yield (86%) and the comparison of sole vs intercrop was not
significant. In other words cactus did not exercise much
competition to sorghum. The fodder yield of sorghum followed
similar pattern as the grain yield, the sole crop produced 4261
kg/ha and the intercrop averaged 96% ,of the sole crop.

Inspite of good vegetative growth, cowpea produced poor grain
yield at 380 kg/ha in sole cropping. The virus disease that
appeared at flowering affected pod set and resulted in poor yield.
Intercropped cowpea varied from 300 to 393 kg/ha, and neither the
differences among various spacings of cactus nor the comparison
of intercrop vs sole crop were significant. Similar to the case
with sorghum, cactus did not affect the growth of even t.he low
canopy .cowpea.

Growth measurements on cactus were taken on 8 September, five
months after the intercrops were harvested. Cactus might have
compensated in the intervening.perlod from ha rve st of intercrops to
the time of observations out fiecause of the dry period it would be
little and the effect o f intercrops could still De noted.
Different spacings and/or populations did not influence
significantly t.he growth. of cactus in sole as well as intercropping.
Only the rackets produced in paired rows of the sole crop appeared
to be th i.nner t.han t.hose in othe.r spac ings bu t such a distinction
was notevident in intercropping. lntercropping significantly
affected the growth of cactus, in respect of hei.ght. and sp read o f
the plant and other racket characteristics. Th.ere was no
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Table 5.1. 1
Effeet of plant spaeingand intereropping on the growth of palma and yields of the intererops.

Treatment Intererop yie1ds P1ant height of palma Size of raekets
(spaeing between SOfghUm Cowpea Sorghum Cowpea Sole Sorghum Cowpea .- Sole& within rows). Grain . Stover 2(kg/ha) (em) (em )

1 m x 1 m 2239 4000 348 35(29)a 40 (42) 53 (53) 162(4.9)b 160 (7.2) 214 (17 .
2 m x 1 m 2300 4187 393 32 (32) 38 (42) 55 (59) 171(5.7) 156(6.4) 208(17.
2 m x 0.67 m 2765 5162 372 39(34) 37 (35) 50(60) 175(5.9) 165(6.2) 224 (14.
2 m x 0.5 m 1712 3281 322 36 (30) 37 (35) 54(57) 203(5.6) 187(5.6) 197(15.
3 rnx 1 m x 0.5 m 2667 3996 300 30 (26) 38(39) 47(45) 170(6.0) 150(6.1) 200(12.
Sole sorghurn 2708 4261 - - - - - - -
Sole eowpea - - 380 - - - - - -
Sorghurn/eowpea 1823 2329 66 - - - - - -
Intererop - - - - - -
SE + 272 1079 45 4(6) 4(6) - - 18.4 (1.2) --
CV (%) 20.4 25.4 25.0 17.3(24.7) 17.3(24.7) - 17.5(23.6) -

-

2)
4)
8)
6)
3)

Height and raeket size of palma were as measured on 8 September, 1983.

a': Lateral spread of p1ants (em)
b: Thiekness of the raekets (mm)

Cl'
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measured characters but lower values for cactus associated with
sorghum (alI characters except area of rackets) compared to that
with cowpea suggests that sorghum was more competi tive than cowpeéL
Sorghum being a tall cereal was competi tive to cactus for alI
resources-water, nutrients and light. But competition from cowpea,
a low canopy legume, would be only in respect of water and
nutrients other than nitrogen. Cactus intercropped with sorghum
attained only 65% of the size of the sole crop (measured in terms
of height and lateral spread) while that intercropped with cowpea
reached 73% of the sole crop. The intercropped cactus had
significantly fewer, thinner and smaller rackets compared to that
of sole crop. The detrimental effect of intercropping was
particularly noted in the case of number of racke'ts and their
thickness (or turgidity). As a result, the intercropped cactus
possessed only 49% of the rackets with only 38% as thick as those
on the sole crop.

In the absence of yield from cactus one can not correctly
assess the advantage of intercropping with these annual crops.
rackets being the ultimate economic product, we considered the
characteristics of rackets as indicators of yield and computed
land productivity as is generally done with grain yields as
follows :

The

the

Land equi.valerrt ratio = XiE1ldoi.sorglffinCor) c2Y!Reain intercrop
.yield of sorghum (ar) cowpea in sole

+

total vol1.IIreof rackets in intercropping
total volume of rackets in sole cactus

The volume of rackets was calculated by no. of rackets x area
of the rackets x thickness of the rackets x plant number.

On this b as i.s, the intercrop di.dnot p rese n t any advantage
over sole cropping. However, calculation done on the hasis of leaf
area showed a 24% advan t age for intercropping with sorghum and
33% for in tercropping with_ cowpea. In fact th.í.s may fie more valid

7 ZM 1
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turgidity and may not necessarily be proportional to the dry
matter. However, these results have to be considered as preliminary
and it is possible that cactus with time may compensate and
improve the overal'l advantage of intercropping.

At current value, cowpea just met the costs of seed, fertilizer
and sprayings but sorghum gave a net return of Cr$ 70 OO~ha. Both
the intercrops produced considerable quantity of fodder which has
better nutri tive value than cactus itself. These returns from the
intercrops are alI the more important considering that cactus will
not be harvested until the third year.

The intercrops will he grown in the subsequent years as long
as cactus permits, but the proportion of the intercrops may have
to be reduced depending on the spread o f the crop. The wide row
and paired row systems may be particularly use fuI in the later
years.

5 •.2- liffect of shade o f. 'Algaroha 'CProsop"is' juliflora) :on Cactus

Although there is no experimental evidence as such,some
ohservations indicate that shading of cactus by 'algaroba' is
beneficial. Alves (1976) did not ob.serve any significant effect of
shade on the productivity of cactus. But Alve s & Ba rbo sa (1979)
based on tneir observations in non experimental conditions
affirmed later that shade prolonged the producti ve pe ri od of
cactus from 10 to 20 years. Whether shadin.g improves the yield of
cactus or not, the intercropped 'algaroba' would provide nutritive
po ds (15 kg/tree), wood and nector for apiary (Azevedo, 1961).

Iri rhe absen ce o f quantitative information, an experimental
was undertaken to (i) assess the beneficial e f fe.ct of intercropping
cactus with "a Igarob.a' and ii) determine the optimum spacing for
algaroha to realise maximum advantage. The treatments included i)
sole cactus ii) cactus with algaroba at 5 m x 5 m iii) algaroba
at 7 m x 7m. iv) aãgaroba at 10 m x 10 m and v) algaroba at 12.5 m
12.5 m. These five treatments were replicated thrice in a
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randomised hlock designo Cartl1s N~~ .•..•l<>n+t:>rl ; .•.• +1-." -~..:l..:l'r -r
Ã " _.~ '-- _.- ;"... .•. .;.- J, ••• .J>.. ••••••• """"'-~_ \.J.L.

December 1982 at a spacing of 2 m x 0.5 m (i.e. 10 000 plants/ha).
Seedlings of 'algaroba' were transplanted at the required
spacings in February 1983. Both the species have established well
but at present no data are available because of the perennial
nature of the crops.

~----------------------------------
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6 - EVA!.TJATI0N 0~ Y!EtD 5T.".E.!!..IT!' IN

Less risk ar improved stability is often said to be one of the
major reasons why small farmers practise intercropping. But only
few studies have actually quantified the degree to which
intercrops can be more stable over sole crops. This is partlydue
to the lack of sufficient data covering a range of environments to
draw proper inferences and lack of appropriate methods to quantity
risk. Rao and Willey (1980) while examining the stability of
sorghum/pigeonpea suggested that c~lculating the probability of
failure of differenc systems for any determined leveI of income
expresses the risk very clearly. On this basis, they found that
sorghumjpigennpea fails to give an income of Rs 1 OOOjha only once
in thi rty six years compared to the fail ures o f on ce in eve ry five,
eight and thirteen years, respe ct í vely, by sole pigeonpea, sole
sorghum ar a combinationof both the sole crop s . Also Francis and
Sanders (1978) in ma íze Zbe ans and Bake r (1980) in sorghum/groundnut
ooserved greater stanility for intercrops compared to the sole
crops.

As indicated e~rlier, for assessing the stability of intercrops
information over a range of sites is required. Genotyp~s,
populations and management etc across sites should necessarily be
uniform. But no specific studies have ever been planned in the
Northeast to ga the r data for evaluating stabili ty of sys tems , ln
ví.ev of this we followed two approaches, i) to make use of the

.published results f rom various state organi sat i on s and ii) to
initiate a multilocation experiment at selected sites involving alI
possible alternative systems.

We collected re.s u lts of 51 experiments on maize/beans and 34 on
maize/cowpea systems from various sources and summarised the
results from the point of agronomic and stability aspects3. The

3For details see Rao & Morgado (19830) un de r puõlications.
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salient resu lt s of t.ii i.s WOl'K wc;lt: d::, .LvJ..J..o'w,:,.

i) Maize/beans intercrop was about 32% more productive and
maize/cowpea about 41% compared to their respective sole
crops.

ii) The arrangements of 1 maize: 2 beans and 1 maize: 3 beans
were equally productive for maize/beans intercrop while for
maize/cowpea alternate rows or 1 maize: 2 cowpea could be
adapted. The optimum populations were: maize-half the sole
crop optimum in both systems (20 000 to 25 000 plants/ha),
beans-3/4 sole crop density (150 000 to 200 000 plants/ha),
and cowpea-full population of the sole crop (40 000 to
50 000 plants/ha).

iii) There were very few genotype trials and the available
information did not help much to define the genotype
requirements in both these systems.

iv) There was no significant r'eLa t ion sh i.pbetween intercropping
advantage and rainfall or fertilization indicating that the
benefits of intercropping were not juS! limited to poorer
environments.

v) The probabili ty of failures to obtain specified Leve Ls of
income or yields were less wi th intercrops compared to sole
crops in both combinations.

vi) Sorghum was more productive and consistent than maize
suggesting that it can be a good substitute for maize in
the traditional systems of the No r-th e as t .

In order to collect more valid and purposeful data over a
considerable length of time, an experiment involving alI possible

Jintercrops along with their respective sole crops was initiated at
CPATSA. We intended to conduct this experiment at a number of
state research centers but due to shortage of funds it was confined
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to onIy CPATSA. Thp ~YeRtmpnt~ wPTP·

Sole Crops 2-Çrop Systems 3- Crop Systems

1- Maize 8- Maize/Cowpea '{14- Cas tor /Sorghum/
2- Sorghum 9- Sorghum/Cowpea Cowpea
3- Cowpea lO- Cas to r/Cowpe a 15- Moco/Sorghum/

Cowpea
4- Castor 11- Moco/Cowpea 16- Annual co t ton /
5- Perennial cotton 12- Annual cotton/Cowpea Sorghum/Cowpea

»: 6- Annual cotton 13- Cassava/Cowpea 17- Cassava/Sorgo/
" 7- Cassava Cowpea

The above systems were evaluated in two replications at two
fertility levels, i) no fertilizer and ii) 20 N-50 PZ05 - O KZO.
Due to pressure on work and dearth of sufficient people it was
planted late after finishing alI other experiments. Moreover, the
soil was also very shal10w and stony. As a result the crops did
not come up wel1 and only cowpea gave reasonably good yield as in
the neighbouring experiments (about 400 kg/ha). The ce reals did
not produce anything. Castor and cassava grew well but could not
survive the dry period. Both the types of cotton gave very little
yield. This exper ime n t h.as to be reestablished in the coming
season. The 3-crop systems, except with moco, can be eliminated
he cause sorghum appeared to be ve ry competi ti ve to castor, annual
cotton and cassava. To collect meaningful data for stability
analysis, th:ls experiment must be conducted at a couple of
representative sites where these systems are c:ommOIl.
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