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INTRODUCTION

India is the largest producer of pulses in the world with 24%
and 36% share in the global production and consumption,
respectively (Ali and Gupta, 2012). Cowpea (Vigna
unguiculata L.) plays a critical role as major source of dietary
protein that produces income for farmers and traders.
However, the black cowpea crop requires considerable
moisture and warmth from the time of planting to the
termination of flowering period. On the other hand, maize
(Zea mays L.) being the third most important cereal crop in
India, is categorized as an exhaustive crop due of its very high
demand of the nutrients specially nitrogen, phosphorus and
potassium from the soil. Because of increase in irrigation
potential in the country, Indian agriculture has achieved a
great stride in the production of cereals but stagnation in the
production of pulses remains as an issue of primary concern.
Keeping in view the above and the increasing demands of
food to feed the enormously growing human population,
productivity of cowpea needs to be increased. Other than the
genetic modifications, agronomic practices seem to be a
promising way of enhancing productivity per unit area
(Thayamini and Brintha, 2010). This system not only provides
insurance against biotic and abiotic stresses but also helps in
the maximization of productivity and profit by efficient
utilization of natural resources (Yamuna et al., 2015; Banik
and Sharma, 2009). Cereal-legume intercropping plays an
important role in subsistence food production in both
undeveloped and developing countries, especially in
situations of limited water resources (Mandal et al., 2014).
Maize is one such crop which provides opportunity for
inclusion of intercrops because of its wider row spacing and

plasticity of the crop to row spacing. Maize + legume
intercropping was found more productive and remunerative
compared to sole cropping and also it was a more productive
system, less risky technology and intercropped soil surface
remains moist during dry spell of 6-8 days (Kamanga et al.,
2010).

In Kashmir valley, the cultivation of Black-cowpea is mostly
done as intercrop broadcasted in Kharif maize, however, its
productivity is very poor. The present investigation was carried
out to identify the most suitable intercrop pattern (row ratio) of
maize and black cowpea for increasing the productivity under
Kashmir Valley conditions. Hence, the study was conducted
to study the effect of different row ratio on growth parameters
and yield attributes of black-cowpea and maize and the
influence of various plant patterns on different intercropping
indices.

MATERIALS AND METHODS

A field experiment on evaluation of black cowpea (Shalimar
Cowpea 1 variety) as intercrop with maize (C 6 variety) under
Kashmir valley conditions was conducted at the Experimental
Farm of the Division of Agronomy, Sher-e-Kashmir University
of Agricultural Sciences and Technology of Kashmir, Shalimar,
Srinagar during Kharif 2012. The experiment was laid out
with seven methods of maize and cowpea planting in a
Randomized Block Design with four replications.  The details
of the treatments were as T1 (Maize Line sowing (Sole crop) at
60 cm row spacing), T2 (Black Cowpea Line sowing (Sole crop)
at 30 cm row spacing), T3 (Maize Line sowing at 60 cm row
spacing + Black Cowpea broadcasted (Farmers’ Practice), T4
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(Maize + Black Cowpea intercropping (1:1) at 30 cm row
spacing, T5 (Maize + Black Cowpea intercropping (2:1), T6
(Maize + Black Cowpea intercropping (2:2), T7 (Maize + Black
Cowpea intercropping (2:3). Plant to plant distance of maize
is 20 cm while plant to plant distance of cowpea is 10 cm.
Fertilizers for maize (120 N, 60 P2O5, 30 K2O and 20 ZnSO4 kg
ha-1) and black cowpea (30 N, 60 P2O5 and 30 K2O Kg ha-1)
were applied according to the plant population of the crops in
the intercropping system treatment. For maize crop, half of the
required nitrogen and full doses of phosphorous, potash and
ZnSO4 were placed below the seed in opened furrows at
sowing time. Remaining nitrogen was top dressed in two equal
splits, at first hoeing/weeding corresponding to knee-high stage
and second dose corresponding to tasseling stage. For black-
cowpea, full dose of nitrogen, phosphorous and potash as
per the treatment, placed below the seed in opened furrows at
sowing time. The other management operations were done as
per recommended package of practices for both main and
intercrops. Plant population (at 30 DAS and maturity) and
yield parameters of both crops were recorded as per standard
procedures. The various intercropping indices were worked
out as per Banik et al. (2006) as:

Maize equivalent yield (MEY)

Maize equivalent yield (MEY) was calculated on the basis of
prevailing market prices of both maize and black cowpea.

Where,

YMPC
PM
YC

MEY +×=

Yc  = Yield of  black cowpea as intercrop

Ym = Yield of maize (of the same treatment)

Pc  = Price of black cowpea

Pm = Price of maize

Land equivalent ratio (LER)
Land equivalent ratio (LER) was worked out as given below to
find out the economics of individual intercropping system.

ybb
yba

Yaa
Yab

LER +=

Where,

Yab = Yield of maize in association with black cowpea

Yba = Yield of black cowpea in association with maize

Yaa = Yield of sole maize

Ybb= Yield of sole black cowpea

If value of LER is > 1, then intercropping is considered to be
advantageous, if LER is < 1, then intercropping is
disadvantageous and if LER is = 1, then it indicates no profit,
no loss from the intercropping.

Area time equivalency ratio (ATER)
It is the ratio of number of hectare-days required in monoculture
to the number of hectare-days used in intercropping to
produce identical quantities of each of the component crop.

days in system ingintercropp of duration Total
Db) x (LbDa) x La(

ATER
+=

Where,

cropping full in maize intercrop of yield Grain
maize intercrop of yield Grain

La =

Da = Duration of crop maize

cropping full in cowpea black intercrop of yield Grain
cowpea black intercrop of yield Grain

  La =

D = Duration of crop black cowpea

Relative crowding coefficient (RCC)
Relative crowding coefficient measures the dominance of one
species over the other in a mixture. Relative crowding
coefficient was calculated as per the following formula:

RCC = Km × Kc

Where,

Km = Ymc x Zcm / (Ym-Ymc) x Zmc and

Kc = Ycm x Zmc / (Yc-Ycm) x Zcm

Where, Ym =  Yield of maize

Yc = Yield of black cowpea

Ymc = Yield of maize as intercrops

Ycm = Yield of black cowpea as intercrops

Zmc and Zcm were proportions of maize and cowpea in the
intercrops, respectively. When the value of RCC is greater
than 1, there is a yield advantage. But when it is equal to 1,
there is no yield advantage.

Production efficiency (Kg/ day)
Production efficiency (PE) is worked out as given below to
find out the economics of individual intercropping system.

(days) Duration
(kg) yield Equivalent

PE =

Aggressivity (A)
The aggressivity (A) is used to determine the competitive
relationship between 2 crops used in the mixed cropping
(Willey 1979). The aggressivity was formulated as per Dhima
et al., 2007) as:
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If Acereal = 0, both crops are equally competitive and if Acereal is
positive, then the cereal species is dominant.

The data on all the above parameters was subjected to analysis
of variance (ANOVA) and critical differences (CD) were used
to compare them with each other (Rangaswamy, 2006).

RESULTS

Effect on plant population and yield attributes

Highest plant populations of black cowpea were recorded at
30 days after sowing (DAS) (32.75 m-2) and at maturity (30.35
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m-2) with sole cropping of black cowpea as compared to other
planting patterns. Among the intercropping systems,
intercropping of maize with black cowpea in 2:3 row ratio
recorded significantly higher plant population of black cowpea
(23.22 m-2) at 30 DAS as well as at maturity (20.80 m-2) (Table
1). Both initial and final plant population of maize under sole
cropping of maize were higher than all intercropping
treatments. Among intercropping patterns, maximum maize
plant population both at 30 DAS as well as at maturity were
recorded with 1:1 row ratio of maize + black cowpea
intercropping pattern (Table 1). As far as yield attributes of
black cowpea are concerned, maximum number of pods per
plant (14.74) were recorded under sole black cowpea, however
the differences were non-significant as shown in Table 2. Sole
black cowpea had highest number of seeds per pod (12.00)
which was significantly higher than that of all the planting
patterns of maize + black cow pea, except maize + black
cowpea (broadcast) (11.00). Significantly higher 100-grain
weight (8.75 g) of black cowpea was recorded with sole black
cowpea as compared to other planting patterns. Among the

intercropping systems, intercropping of black cowpea with
maize in 2:1 and 2:3 row ratios recorded at par (8.47 g) but
significantly higher 100-grain weight as compared to other
intercrop patterns. Significantly, lowest 100-grain weight of
black cowpea (7.76 g) was recorded when black cowpea was
broadcasted in line sown maize.
Sole maize had highest number of cobs per plant (1.08) and
grain weight per cob (46.28 g) over rest of the treatments of
intercropping. Among various intercropping patterns of maize
+ black cowpea, 2:3, 2:1 and 1:1 row ratios recorded equal
number of cobs per plant (1.05) .The lowest (1.00) number of
cobs per plant were recorded with 2:2 row ratio of maize +
black cowpea intercropping pattern (Table 2). Among different
intercropping patterns, 2:1 row ratio of maize + black cowpea
accumulated higher amount of grain weight per cob (45.15
g). The lowest grain weight per cob (43.32 g) was accumulated
in the treatment when black cowpea broadcasted in line sown
maize. Sole cropping of maize, 1:1, 2:1, 2:2 and 2:3 maize +
black cowpea recorded at par 100-grain weight  but significantly
superior over rest of the intercropping patterns.

Table 1: Effect of various planting patterns on plant population per m2 of black cowpea and maize

Black cowpea Maize
Treatment Initial (30 DAS)  Maturity Initial (30 DAS)  Maturity

Maize sole - - 7.98 7.58
Black Cowpea sole 32.75 30.35 - -
Maize + Black Cowpea  (Broadcast) 15.43 13.75 7.68 7.28
Maize + Black Cowpea (1:1) 16.30 14.80 7.86 7.45
Maize + Black Cowpea (2:1) 9.35 8.60 7.80 7.40
Maize + Black Cowpea (2:2) 16.50 14.90 7.75 7.33
Maize + Black Cowpea (2:3) 23.22 20.80 7.83 7.38
S.E(m)+ 0.34 0.33 0.19 0.12
C.D.(P=0.05) 1.02 0.99 NS NS

Table 2 : Yield attributes of black cowpea and maize as influenced by various planting patterns

Black cowpea Maize
Treatment Pods Seeds 100-grain Cobs Grain 100-grain

plant-1 pod-1 weight (g) plant-1 wt. cob-1 weight (g)

Maize sole - - - 1.08 46.28 22.38
Black Cowpea sole 14.74 12.00 8.75 - - -
Maize + Black Cowpea  (Broadcast) 12.12 11.00 7.76 1.03 43.32 21.44
Maize + Black Cowpea (1:1) 11.50 10.25 8.32 1.05 44.49 21.96
Maize + Black Cowpea(2:1) 12.75 10.00 8.47 1.05 45.15 22.28
Maize + Black Cowpea(2:2) 12.50 10.25 8.32 1.00 44.89 22.29
Maize + Black Cowpea(2:3) 12.25 10.00 8.47 1.05 43.83 21.98
S.E(m)+ 0.71 0.49 0.04 0.27 0.31 0.16
C.D.(P=0.05) NS 1.29 0.14 NS 0.96 0.47

Table 3: Effect of various planting patterns on different intercropping indices
Treatment Maize Land Area time Relative crowding coefficient (RCC) Production Aggressivity (A)

equivalent equivalent equivalent Maize Black Total  efficiency Maize Black
yield ratio ratio cowpea (PE) cowpea
(MEY) (LER) (ATER)

Maize sole 50.62 1 1 - - - 37.5 - -
Black Cowpea sole 47.85 1 1 - - - 39.87 - -
Maize + Black Cowpea  (Broadcast) 60.76 1.22 1.18 3.04 1.13 4.17 44.68 0.14 -0.14
Maize + Black Cowpea (1:1) 68.35 1.37 1.34 6.55 1.61 8.16 49.89 0.04 -0.04
Maize + Black Cowpea (2:1) 65.63 1.31 1.28 17.32 1.04 18.36 47.89 0.29 -0.29
Maize + Black Cowpea (2:2) 76.99 1.55 1.51 6.98 5.03 12.01 56.61 -1.09 1.09
Maize + Black Cowpea (2:3) 68.69 1.38 1.34 7.68 1.2 8.88 50.5 0.28 -0.28
S.E(m)+ 1.29 - - - - - - - -
C.D. (P=0.05) 3.83 - - - - - - - -
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Effect on intercropping indices
As far as various intercropping indices depicting economic
feasibility of the system are concerned, maize equivalent yield,
land equivalent ratio, area time equivalent ratio and production
efficiency were significantly highest with maize + black
cowpea (2:2) but relative crowding coefficient for maize was
highest (17.32) under 2:1 row ratio and lowest (3.04) under
the treatment where black cowpea was broadcasted in line
sown maize (Table 3). Relative crowding coefficient for black
cowpea was highest (5.03) under 2:2 row ration and lowest
(1.13) under the treatment where black cowpea broadcasted
in line sown maize. In totality, highest (18.36) relative crowding
coefficient of the different intercropping patterns of maize+
black cowpea was under 2:1 row ratio and minimum (4.17)
was recorded under the treatment where black cowpea was
broadcasted in line sown maize. It is revealed from the data
that maize crop showed its dominance over black cowpea in
all the intercropping patterns of maize + black cowpea, except
2:2 row ratio of maize + black cowpea, where dominance of
black cowpea over maize was noticed.

DISCUSSION

Pulses offer good scope for crop diversification as they grow
profitably in relatively low-input management conditions and
allow intensification through their short duration life cycle.
Itercropping is one of the approaches to enhance productivity
per unit area of land. Utilizing pulses in intercropping gives
an added advantage by reducing the need for application of
Nitrogen fertilizers. The present investigation was carried out
to evaluate different intercropping patterns of black cowpea
and maize for various intercropping indices along with yield
attributes of the two crops. In both the component crops, sole
stand showed higher values for their respective yield attributes.
This is due to the fact that maize deep root system and vigorous
plant growth, offered more competition both below and above
ground for growth resources whereas better root growth in
sole black cowpea facilitated more area for nodule formation
resulting higher yield attributes (Padhi 2001; Patel and
Rajagopal 2001). Whereas, in case of maize, the sole stand
showed higher values of yield contributing characters due to
lesser competition for nutrients, light and space (Padhi 2001).
Adaniyan et al. (2007) also confirmed that yield reductions in
intercropping are associated to inter-specific competition for
nutrients, moisture or space.

Although, the yield attributes showed a decreasing trend with
ntercropping, however, the values of several intercropping
indices increased with intercropping which leads to additional
advantage of intercropping and also higher economic value
of intercrop.. The highest total productivity in terms of maize

equivalent yield (MEY) was recorded with 2:2 row ratio of
maize + black cowpea intercropping pattern. Higher maize
equivalent yield under intercropping systems was attributed
to yield advantages achieved in intercropping system (Marer
et al., 2007). The difference in MEY was mainly as a
consequence of differences in the yield of maize, additional
component crop yield and price of individual component
crops. All the intercropping patterns resulted in land equivalent
ratio (LER) more than one. Among different intercropping

patterns, 2:2 row ratio of maize + black cowpea recorded
highest LER as compared to rest of the treatments. Hence, it
can be stated that 2:2 maize + black cowpea will be most
advantageous in terms of land utilization and profitability.
Such results were also reported by Saban et al. (2007) and
Dahmardeh et al. (2010). Area time equivalent ratio (ATER) of
various planting patterns were greater than 1.0 in different
intercropping patterns of maize + black cowpea as compared
to sole cropping of maize and black cowpea. Highest ATER
was recorded under 2:2 row ratio of maize + black cowpea
intercropping patterns which is attributed to additional
advantage of intercrop yield in a unit time of duration (Egbe et
al., 2010). Relative crowding coefficients (RCC) for maize and
black cowpea were greater than 1.0 in all the intercropping
patterns. RCC in totality was highest under 2:1 row ratio of
maize + black cowpea intercropping pattern. This is mainly
due to the widening of paired rows of maize which gave
sufficient space for spread of black cowpea which indicates
its yield advantage (Tamkin 2012).

Production efficiency (PE) of various planting patterns was
greater in different intercropping patterns of maize + black
cowpea as compared to sole cropping of maize and black
cowpea. Highest production efficiency was recorded with 2:2
row ratio of maize + black cowpea intercropping pattern than
rest of the planting patterns. This may be attributed to additional
advantage of intercrop yield and higher economic value of
intercropping of maize with legume at 2:2 row ratio, resulting
in maximum production efficiency (Padhi 2001). Competitive
relationship between maize and black cowpea under
intercroppingis expressed as aggressivity. Positive aggressivity
showed dominance of one crop to second one and vice versa
in case of negative values. Row ratio of 2:2 of maize + black
cowpea showed dominance of black cowpea over maize crop.
This may be due to the fact black cowpea efficiently utilized
nutrients, light space and moisture coupled with less intraspace
and shading effect of maize.
In the light of the results summarized above, it can be
concluded that intercropping of maize with black cowpea in
2:2 row ratio had highest maize equivalent yield, LER, ATER,
production efficiency, aggressivity than other planting patterns.
Based on these facts, it can be recommended to go for 2:2
maize + black cowpea intercrop under Kashmir Valley
conditions to harvest more yields per unit area of land.
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