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Abstract

Five component population ratios of cowpea and maize at two intercropping population models

were studied during the 2008 and 2009 cropping seasons at Ejiba, located in southern Guinea .

savanna agro-e:ologic'al zone of Nigeria. The two intercropping models were :( i) additive at
component population ratios of ‘1.00C: 0.75M, 1.00C: 0.50M and 1.00C:0.25M‘ and ( ii)
replacement at population ratios of 0.75C:0.25M and 0.50C:0.50M.Sole cowpea and maize were
included as control wreatments. The treatments were factorially combined in a randomized
complete block in three replicates. The intercropping efficiency was estimated using Land
Eqﬁivalem’t Ratio (LER), Land Equivzalent Coefficient (LEC), Area Time Equivalent Ratios
" (ATER) and Monetary Equivalent Ratio (MER) .The additive population model was consistently
superior to replacement model in the system suggesting its preference in cowpea/maize
intercropping system. The results of the study also showed that the biological yield advantage
translated to monetary advantage only'in the late maturing cowpea/maize system in the additive
papulation model of 1.00C:0.25M (1.35 and 1.33 in ?_.008 and 2009, respectively). Based on this

study, the MER is a good index to measure profitability in intercropping system.

Kevwords: Additive, Replacement, LER, ATER, LEC, MER. Intercropping Efficiency.
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Introduction

The performance of a crop in a mixture involves the ability o the erop to ellictently convert the
natural resources (light, water and nutrients) into wsable bye products, Studies on intereropping
(Adeniyan er al., 2004; Mohamwmed e al., 2009, Seran and Brinthy, 2009a) have shown that

miercrop may give higher, more stable yield and net returns than when any of'the components iy
SrOWn as sole crop due to complementarity effiet of the systen, pattitioning of the limiting
resources among  component crops  (Blade, 1997) and better explotation of soil mass
(Francis, 1989).The system is recognized and continvously cmphasized in recent time as one ot

the strategies to be adopted to inerease erop vield per unit area with a view of meeting the (\\od
requirement of the growing population.

Component crops in the mixture are mixed in either additive or replicement series, e the
additive series, the addition of the proportion of component crops exceads the sole crop
population. However, in the replacement series, the proportions of the compaonent. erops
complement one another to give sole crop population equivalent. While inereased population
pressure in additive model may lead to increased competition among component crops and
difficulty in management and consequent low yield of the dominated erop, the low population of
replacement model is often associated with low overall vield of the system Jevakumaran and
Seran, 2007).These conflicting reports on the intercropping models are frequent in ntercropping

research, hence suitable intercropping models appeared to be in-conclusive, thus the need fon
further investigation.

Land Equivalent Ratio (LER) is the most widely adopted index that is ofien used as an indicator
1to determine the efficacy of the production system in crop mixture (Seran and B\inﬂm
2009b).This index has however, earlier been recognized as insufficient and may be misleading to
interpret  intercropping efficiency to  satisfy  different
users(MeColloum,1987).

objectives  of  the  end
Although, indices such as Land Equivalent Coeflicient( LEQ),Area
Time Equivalent Ratio(ATER).Monetary  Equivalent

Ratio( MER)L.Crop  Pertormance
Ratio(CPR), Agressivity(A) among others have been  used to evalnate the biologieal and

monetary adv antages in Crop mixtures, ¢ COmpx arative asses

sment of these indices have not been
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documented particularly in cereal-legume based system. Hence, this study was designed to
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evaluate the intercropping advantage in cowpea/maize system using different indices and two
intercropping population models.

Materials and methods

The experiment was carried out during 2008 and 2009 cropping seasons at the Lower Niger
River Basin Development Authority, Ejiba. The study area is situated at latitude 18, 18’N and
longitude 5%, 39' E in the Southern Guinea Savanna agro-ecological zone of Nigeria. The

cxperiment was carried out to assess the intercropping efficiency in cowpea/maize system using

four intercropping efficiency indices in additive and replacement intercropping population
models.

The treatments were factorially combined in a randomized complete block design (RCBD) in
three replicates. Five (5) population mixtures of cowpea and maize were tested using three
additives and two replacements intercropping population models. Sole cowpea and maize at full
populations were included as control treatments. The additive treatment combinations were ;( 1)
full population of cowpea + 75% full population of maize,(ii) full population of cowpea +50%
full population of maize, and (iii) full population of cowpea +25% full population of maize. The

replacement model consists of 75%full population of cowpea +25%full population of maize and
50% full population of cowpea + 50% full population of maize.

The land was ploughed and harrowed twice. Planting was carried out manually by planting four
seeds per stand at single alternate rows. Bach stand was thinned at two weeks after planting to
two plants per stand to give the desired number of plant per hectare.

Phosphorous fertilizer as single supper phosphate (18% P,0s) was broadcast uniformly at the
r{ate of 60kg P,Os per hectare into all the plots two days before planting, while urea (46%N) was
applied split to the maize at the rate of 120kgN/hectare at 3 and 6 weeks after planting( WAP)
Pendimethalin (S00EC) was applied the second day after planting at the recommended rate of
1.5kgai/ha. This was supplemented with hoeing and hand pulling at S(WAP) to keep the
experimental plot weed free. Cyalothrin, was applied at the rate of 40ml/20liters of water at

flowering using knapsack sprayer and was followed by fortnight application until harvesting of

cowpea for effective control of foliage and pod sucking insect pests.
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At maturity, all the pods in each plots of cowpea were harvested, while the cobs from the two

inner rows of maize were harvested for yield data. The moisture contents of harvested grains

were adjusted to 15% and 13% for maize and cowpea respectively and the yield converted to
tones per hectare. Intercropping advantage of the system was evaluated using the following:
LER=Yij /ii +Yji /Yjj (Ofori and Stern,1987).where Y=yield per unit area,Yii and Yjj are sole
crops yield of component crops i and j,Yij and Yji are intercrops yield. LEC developed to assess
the interaction and potential of production was estimated as:Yij /Y ii x Yji /Yjj (Adetiloye and
Ezedima,1983).In crop mixture, yield advantage is obtained with LEC >0.25.This is with the
assumption that the inter and intra specific competitions are equal, that is, 0.5 x 0.5 =0.25.ATER

takes into consideration the crop duration in the field was calculated as;=(Liti +Ljtj/T (Hiesch

and Mc Collum,1987) where; L; and Lj are the partial yield of component crops i and j, ti and tj

is the duration in days for crops i and j and T duration in days of the whole intercrop system.
MER is the sum of the ratio of intercrop monetary returns to the highest sole crop monetary

return to the entire land area occupied by all the intercrops per unit time and was estimated as =
(ra +rb) / Ra (Adetiloye and Adekunle,1989).
Where: Ra=highest sole crop monetary return obtained from crop a compared with the sole crop

monetary return of crop b (Rb). ya=pa x ya; yb=pb x yb; Ra=pa x ya; Rb=pb x yb. raand rb are
monetary returns of crops a and b under intercropping while pa, pb are the current market prices
of unit weight of crops a and b. ya, yb are the intercrop yields of crops a and b and Ya is the sole

crop yield of the most economic sole crop from the land area equivalent that is occupied by all
intercrop for same given period of time.

Economic analysis of cost and returns of producing one hectare of cowpea and maize including
the prevailing market prices during the growing seasons were estimated.
JAll the data were subjected to analysis of variance (ANOVA) for test of significance using the

PROC GLM procedure (SAS, 1989) and treatment means compared using Duncan’s Multiple
Range Test at five percent (5%) level of probability (p < 0.05).
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RESULTS

Significant yield differences of cowpea were abserved between the two intercropping population
models (Table 1). Replacement model of 0.50C:0.50M was inferior to the additives population
ratios of 1.00C:0.50M and 1.00C:0.25M in the two cropping seasons. The highest grain yield of

cowpea was recorded in the additive population ratio of 1.00C:0.25M. The effects of
intercropping population models on intercropping efficiency indices (Land Equivalent Ratio

(LER), Land Equivalent Coefficient (LEC), Area Time Equivalent Ratio (ATER) and Monetary
Equivalent Ratio (MER) in 2008 and 2009, are presented in Tables 2-5

Based on the LER, LEC and ATER value, intercropping was superior to sole cropping in all
additive population model treatments for early and late maturing cowpeas. The intercropping
advantage derived from the early cowpea/maize intercropping system using replacement
population model were inferior to those obtained from the same intercropping system using the
additive population model. There were no intercropping advantages from intercropping medium
maturing cowpea with maize, using the replacement or additive population model in the two

years. Intercropping maize at 75% maize population with late maturing cowpea at full population
had the highest LER of 1.33 and 1.34 in 2008 and 2009, respectively.

The LEC showed more clearly that intercropping medium maturing cowpea with maize in
replacement population model was disadvantageous while there was no appreciable advantage in
intercropping same, using the additive population model. The highest LEC value of 0.42 and
0.44 in 2008 and 2009, respectively, were recorded in the late maturing cowpea/maize
intercropping system under the additive population model with 1.00C:075M component
population ratio. The highest ATER value of 1.33 was also recorded in this variety at the same
} component population ratio of in 2008, but in 2009, the hig'hest value of 1.35 was obtained in the
additive component population ratio of 1.00C:0.25M.

The MER did not follow similar trends as the LER, LEC and ATER, particularly for
intercropping system involving maize/ early and medium maturing cowpeas. There was no

monetary advantage of intercropping over the most economic sole crop when the two cultivars
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were intereropped with maize at the two intercropping population models tested in 2008 (Table

3 ). Indeed, intercropping the two cowpeas with maize was not economically advisable.

Intercropping late maturing cowpea with maize in additive population model was consistently
better monetarily than the sole crops in 2008 and 2009. The highest MER values of 1 35 in 2008
and 1.23 in 2009 were recorded in the component population ratio of 1.00C:0.25M. While the
replacement population model at component population ratio of 0.50C: 0.50M did not have

monetary advantage over the sole crop in the two years, replacement population ratio of

0.73C:0.23M produced some monetary advantages in the two years.

DISCUSSION

The efficiency of the intercropping systems showed that, combined biological and monetary

advantages were those which involved late maturing cowpea and maize in additive population’

/ ,/model and replacement population ratio of 75% full cowpea population plus 25% full maize

-~/ population. The superiority of the intercropping system could be attributed to an increased
efficiency in the conversion of natural resources into dry matter production.
Biological and monetary advantages of intercropping over sole cropping systems in
cowpea/maize intercropping systems have been reported (Adeniyan, et al., 2004; Mohammadu
et al, 2009 Bamik and Shama,2009). However, the biological advantage only translated to
;/ﬂ monetary advantage, as measured by the Monetary Equivalent Ratio (MER) for only the late —

maturing cowpea/Maize intercropping system in which the best component population ratio was

100% cowpea population with 25% maize population (1.00C : 0.25M).

The intercropping advantages in early and late maturing cowpea/ maize intercropping in additive

intercropping population model could be ascribed to the ability of the cultivars to withstand

/ shade or because they make use of resources at different times. Nitrogen, phosphorous and

4

potassium have been reported to be efficiently utilized in cowpea/maize mixture compared to
sole crop stand (Dahmardeh et al., 2010).In another study, Jial et al.,(2008) reported efficient

utilization of strong light by maize and weak light by groundnut in a maize-groundnut system.
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Table 1: Interactive effect of intereropping at two intereropping population models on grain yield

of cowpea in a cowpea / maize system in 2008 and 2009*

Intercropping 2008 2009
Population Cowpea maturity dates Cowpea maturity dates
Models

Early  Medium Late mean  Early  Medium Late Mean

C ¢ M
Additives

1.00 0.75 0.76f  0.88¢f  2.09b  1.24de 0.82g

0.94g  2.08bc  1.28¢f
1.00 0.50 093f  1.19ef  2.38ab 1.53¢d  1.09fg

1.38ef  2.55ab  1.67d

1.00 0,25 1.08ef  1.48ef  2.65a  1.73cd  1.15fg  1.51def 2.80a  1.82cd
Replacement ‘

0.75 0:25 1.02¢f  1.10ef  2.13b  1.42de 1.09fg 1.18fg  2.25bc  1.51def
0.50 0.50 0.78f  0.92f  1.67d  1.12f 0.85g 1.14fg  1.90cd  1.30ef
Sole 1.10ef  2.1Sb  2.71a 1.98c  1.28ef 2.18bc 2.88a  2.11lbc
Mean 0.95ef 1.28de 2.22b 1.02fg  1.3%ef  2.32bc

Se 0.22 0.19

C.V (%) 19.72 18.65

*Values with the same letter(s) in the same column or row are under the year are not

significantly different at 5% level of probability by Duncan’s Multiple Range Test(DMRT).
C=Cowpea=maize.
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Table 2: Interactive effect of intercropping at two intercropping population models on land

equivalent ratio (LER) in a cowpea / maize system in 2008 and 2009°*

[ntercropping 2008 2009
Population Cowpea maturity dates Cowpea maturity dates
Models
Early = Medium Late mean  Early  Medium Late Mean
C : M
Additives .
1.00 0.75 127a.  097cd 1332  1.18  1.30a  1.06ef 1.34a  1.25b
1.00 0.50 1.31a 1..040 1.26ab  1.22b 1.292 1.06ef  1.27a 1.21b
1.00 0.25 1.32a  104c 1.31a  1.22b  1.27ab 1.06ef 1.33a  1.21b
Replacement
0.75 0.25 1.16b 0.82¢ 1.12b 1.03¢c 1.20c 0.91h 1.12de  1.08e
0.50 0.50 1.18b  0.87e 1.07cd  1.04c  1.12d  0.96g 1.05ef  1.04ef
Sole 1.00c 1.00c 1.00c  .1.00c 1.00c 1.00fg  1.09fg 1.00fg
Mean 1.22ab  0.95d 1.15b 1.20ab  1.03ef  1.18cd
Se 0.04 0.03
C.V (%) 7.02 5.02

*Values with the same letter(s) in the same column or row are under the year are not

significantly different at 5% level of probability by Duncan’s Multiple Range Test(DMRT).

C=Cowpea=maize.
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Table 3: Interactive effect of two intercropping population models on land cquivalent coefficient

(LEC) in a cowpea / maize system in 2008 and 2009*

Intercropping 2008 ' 2009
Population Cowpea maturity dates Cowpea maturity dates
Models

Early  Medium Late mean  Early  Medium Late Mean
C : M
Additives

1.00 0.75 0.40a  0.23d 0.42a  0.35bc  0.42ab  0.27d 0.44a 0.39b
1.00 0.50 0.39ab  0.26cd  0.37bec  0.34b 0.37bc  0.28d 0.33¢ 0.33¢

1.00 0.25 0.33¢ 0254  0.26de 0.30cd 0.30bc 0.26d 033¢  03lc
Replacement

0.75 0.25 0.28d  0.16f 0.29%¢cd  0.23e  0.36b  0.20¢ 0.26d  0.206d
0.50 0.50 0.33¢ 0.19f 0.25¢d  0.27d 0.30c 0.22c 0.26d 0.26d
Sole 025d 0254  0.25¢d 0254  0.25¢  0.25d 0.25d  0.25d
Mean 034b  0.22d 0.32be 0.34bc  0.25d 0.31¢

Se 0.01 0.02

C.V (%) 9.78 ‘ 5.02

Values with the same letter(s) in the same column or row under the same year are not

significantly different at 5% level of probability by Duncans Multiple Range Test (DMRT).
=cowpea, M=maize
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Table 4 Interactive effeci of intercropping a two intercropping populaion models on area time
equivaleni ratio (ATER) in a cowpea / maize system in 2008 and 2009°

Interoropping 2008 2009
Population Cowpea maturity dates Cowpea matmity dates
Madels

Early  Medium L2z +mean  Early  Medium Lee Mean

Additives

100 0.73 127a 096 133 LIS5 1302 1.00d 1332 123
.00 0.30 1312 103 125h 1196 1292 1.02¢&e LI%H LI7
1.0 0.25 1322 1093 1302 122 108zb 1.05de 1352 1246

Replacement

-

13 0.23 1.176¢ 0753k 1.1lc  1.00s 1216 0.84f 1.12¢ 1.06de
0.50 0.50 121 0.87g 099d: 1.02de 1.13c  0.86f 1.04éz  1.0le

=
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stive effect of intercropping at two intercropping population models on monetary

equivalent ratio (MER) in a cowpea / maize system in 2008 and 2009°

Ietercropping 2008 2009
Regeiation Cowpea marurity dates Cowpea maturity dates
Adsls
Early  Medium Late mean  Early = Medium Late Mean

£ = M

Additives
100 0.73 080 0.87¢ 127b  '1.01d  1.07¢c  1.03cd l.16ab 1.08c
1.0 0.530 080f 0502 129ab  1.00d  0.97e  1.04cd 1.17ab  1.06c
100 025 0.71g 099 1352 1.01d  094ef 1.05cd 1232 1.07¢
Replacement
Q73 0.23 0.67¢gh  0.64h 1.10c  0.80f 0.89d  0.84g 1.13b  0.95e
0.30 0.30 0.80e  0.06g 1.03d  0.87e  0.87g  0.92fg  0.94ef 0.91f
Sole 1.004 1.00d 1.00d 1.00d4 1.00de  1.00de  1.00de  1.00de
Mezn 0.82¢ 0862 L.17¢ 0.95ef 0.98de 1.11b

Ss2 0.03 0.04

C\V (%) 8.26 6.11

*Values with same letter(s) in the same column or row under the same year are not significantly

different at 3% level of probability by Duncan Multiple Range Test (DMRT).
C=cowpea, M=maize

Asian Academic Research Journal of Multidisciplinary
www.asianacademicresearch.org




¥ KA i

.‘“ ARG s ETVEr oy T TTT T — "
i VOLUME,i.‘f R TQOTI 1 ".'pjﬁ’r’"’f.fﬂ-'rf-~'r,v-,;;;5. T Trre———, .
‘.‘it\RJMD,,'" PATEES A AR JHT“I,SSUFE,IG',,({:‘LD M A e T
ARS8 s B mgqgm,g, R;Q;gls) /fa,lg,%v &

1) /
TSI o A

REFIRENCES

' ! O'N's G- . ’ 1 ” -
Adeniyan 0. Agbaje,.and O.T, Ayoola. 2004. The performance of covipea varictics

| iersropped and cassava..In, of Agric. Res. and Training Ann. in house Res, Wednesday 4"
" Thursday 5" Febuary,2004,

Adetiloye,P.O and F.0.C Ezedima,1983 A land cquivalent co-efficient (LEC) concept for the

evaluation of competitive and productive interaction in simple to complex crop mixture. Ecol.
Modelling 19:27-39,
Adetiloye,P.O. and A.A. Adeckunle. 1989, Concept of monetary equivalent ratio and its
usefulness in the evaluation of intercropping advantage. Trop. Agric (Trinidad), 66:337-341,
Francis, C.A, 1989. Biological efficiency in multiple cropping system .Adv. Agro., 42:1-42.
Banik. P. and R.C Sharma, 2009. Yield and resources utilization efficiency in baby corn-legume-
intercropping system in the eastern plateau of India .J. Sustainable Agric., 33:379-395
Blade,S.F.,S.V.R.Shetty,T. Terao and B.B.Singh.1997. Recent Development in cowpea cropping
systems Research .In: Adv. in cowpea Res. Singh, B.B., D.R Mohan Ral],K.E. Dashiell and
L.E.N. Jackai (Esd.)L.L.T.A And JIRCAS, Ibadan, Nigeria, pp: 114-128.
Dahmardeh,M. A,Ghanbari,B,Syasar,M,Ramroudi. Effect of intercropping maize with cowpea
on green forage yield and quality evaluation. Asian J. Plant Sci., 2009; 8(3):235-239,
SAS (Statistical Analysis System Institute Inc) 1989. SAS/STAT Users version 4™ edn. Vol.
1,cary, North Carolina ,USA.
Jeyakumaran, J. and T.H Seran. 2007. Studies on intercropping capsicum (Capsicum annum
L.)Proc. of the 6" Ann. Res. Session.Oct.18-19,Trincomalee Campus, EUSL ,pp: 431-440.
Jial N.Y.,C.Zhao,T.Y. Ning L.T .Hou, G.Z .Fu,Z.J Lio and M.C Chen. 2008.Effects of maize-
peanut intercropping on economic yield and light response of photosynthesis. Chinese. J.
Applied Ecol., 19:981-985.

Hiebesh, C.K, R.E. McCollum.1987. Arca x time equivalent ratio. A method for evaluating the
productivity of intercréps. Agron. J., 99:15-22.

Hugar. H.Y. and Y.B Palled, 2008a. Studies on maize vegetable intercropping system. Karnataka
1. Agric Sci, 21:159-161.

Asian Academic Research Journal of Multidisciplinary
www.asianacademicresearch.org




23}5‘ o * ‘WMMW' ;M T3 g DAY

h Mult" bk A L R § g L AT A S

% E " : Lﬁ;;l‘s' SN V:Wl I!’ 480 )?{’é%
Tz u‘lthu ud U {7 7’} .j.f! “-' AT }f J

6

i MC, M.A, Okiro,J.P.Ouma and RM Gesimba, 2006.The effect of intercropping

'roundnut (Arachis hypogeal. L.) with sorghum(Sorghum bicolor .L.) on yield and cash income

f Agic, Tropic Et Subtropica, 39:87-91,
W.S Human, J.Tabi,M.F Ramlan, R. Amartalingam, C.T.B.Sung and

|\ohammed, B.J.,
' 0H,Ahmed. 2009. A Simulation model estimate of the intercropping advantage of an immature-

ubber, banana and pineapple system.

Ofori F., W.R Stern. 1987. Cereal-legume intercropping system. Adv.Agron., 41:41 90
efficiency of Radish

|

(!

; Seran, TH and 1. Brintha,2009a.Study on biological and economic
).Open

; (Raphanus sativus. L.) Intercropped with vegetable amaranthus (Amaranthus tricolor. L.

| Hortic.J. 2:17-21

Seran,TH and 1. Brintha, 2009b. Studies on determining a suitable p
1. L) yegetable cowpea (Vigna unguiculata. L.) Intercropping. Karnataka

(Capsicum annum.
J.Agric.sci.,22:1153-1 154.

attern of capsicum

{

Asian Academic Research Journal of Multidisciplinary

www.asianacademicresearch.org
’7"4—':?

REJ.L&_,



