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ABSTRACT

Two field experiments were carried out at Research
Farm of Alkod Station (Delta of Abyan) in 2012/2013 and
2013/2014 seasons to study the effect of plant density and
intercropping pattern as well as their interaction on yield
and competitive relationships of maize and cowpea. Four
plant densities were used (56000, 67000, 83000 and 111000
plants /hectare) and three intercropping patterns (1:1, 2:1
and 3:3) for maize and cowpea respectively, in addition to
sole cropping treatment. The results could be summarized
as follows:

- Increasing plant density significantly increased
biological and grain yield of maize while harvest index
was decreased. Intercropping patterns significantly
reduced biological and grain yield of maize while
harvest index was increased. Interaction between
plant densities and intercropping patterns significantly
affected biological and grain yield of maize as well as
harvest index and the maximum grain yield was
obtained under 2:1 intercropping pattern at 83000
plants/ hectare.

- Biological and seed yield of cowpea were significantly
increased by increasing plant density while harvest
index was decreased with significant value in the
second season. Intercropping patterns significantly
reduced biological and seed yield while harvest index
was increased. The interaction between plant densities
and intercropping patterns had significant effect on
biological and seed yield of cowpea in both seasons as
well as harvest index in the second season and the
highest seed yield was obtained under 3:3 patterns at
111000 plants/ hectare. Land equivalent ratio( LER)
and relative crowding coefficient( K) values indicated
that intercropping cowpea with maize gave yield
advantage at all combinations of plant densities and
intercropping patterns and the highest values of LER
(1.51 and 160) in the first and second seasons
respectively were obtained under 3:3 pattern at 111000
plants/ hectare.

- Aggressivity values and competitive ratio indicated that
maize was the dominant intercrop while cowpea was
the dominated intercrop.

Key words: intercropping patterns, maize, cowpea,
plant density.

INTRODUCTION
The need for an intensive cropping culture in Yemen

to raise the production per unit of land area has become
a highly required demand, because the acreage reserved
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for a special crop is relatively limited. Intercropping
cereals with legumes often increase the total yield due
to better utilization of environmental resources. In this
connection, Fisher (1977) indicated that intercropping
maize with some legumes gave yield advantage over
pure stand. Yield advantage was attributed to the
increase in population of these mixtures. Remison
(1978) also indicated that mean yields of maize and
cowpea mixture out-yielded those of pure stand. High
complementation  values were recorded from
intercropping.

Marfa et al. (1979) found yield advantage of 58%
when intercropped cowpea into maize between rows.
Allen and Gboura (1983) indicated that the average
LER of the maize-cowpea intercropping system was
greater than unity and greater than maize-soybean
intercropping pattern. Asafu Agyei et al. (1997) found
that intercropping maize and cowpea using 3:3 system
was more productive than 1:1 system. Shivay and Sing
(2000)intercropped maize and cowpea at different plant
densities and found that biological and grain yield of
maize and cowpea were significantly decreased under
intercropping as well as at low plant density.

Al-Shebani and Alazaki (2006) studied the effect of
intercropping system (on the same ridge, 1:1, 2:2 and
3:3) and maize plant density (50000, 60000 and 70000
plants/hectare) on yield and yield components of maize
and beans and found that biological and grain yield of
maize and beans were significantly reduced by
intercropping as well as when reducing plant density
while harvest index was increased. Hassan et. al. (2008)
intercropped cowpea on maize ridges (100% maize and
100% cowpea). They found that intercropping system
significantly reduced biological and seed yield of
cowpea and biological and grain yield of maize. Land
equivalent ratio, relative crowding coefficient and
cereal units values indicated that intercropping system
gave yield advantage. The values of aggressivity and
competitive ratio indicated that maize was the dominant
intercrop while cowpea was dominated intercrop.

Ahmed and Baswiad (2009) found that yields of
maize and cowpea were significantly reduced under
intercropping patterns. LER exceeded one under all
intercropping patterns except 1:2 pattern and the greater
LER was under 1:1 maize cowpea intercropping pattern.
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Al-Shebani and Alazaki (2012) intercropped maize
with beans under four patterns (on the same ridge, 1:1,
2:2 and 3:3) and at three maize population (50000,
60000 and 70000 plant/hectare) . They found that total
LER and K values were greater than unity under all
combinations of intercropping patterns and densities
and maize was always the dominant component while
the legume was the dominated component when
aggressivity and competitive ratio were measured.
Gabatshela et. al. (2012) intercropped maize and
cowpea in alternative rows at space 30 and 40 cm
between rows and found that biological and seed yield
of cowpea was significantly reduced by intercropping
system and this reduction was increased under low plant
density of intercrops. The aim of this study to evaluate
some intercropping patterns of maize and cowpea at
different plant densities.

MATERIALS AND METHODS

Two experiments were carried out at Research Farm
of Alkod Agricultural Station during 2012/2013 and
2013/2014 seasons to study the effect of plant density
and intercropping pattern on yield and competitive
relationships of maize and cowpea. Before conducting
the experiment, soil samples were taken from different
places representing the experimental sites for analysis.
The average of mechanical and chemical analysis of soil
of the two growing seasons is presented in Table (1).

Sity Lagoos 7931 maize cultivar and cowpea Balady
cultivar were used in this study. The experimental
treatments were sixteen which were the combinations of
four intercropping treatments and four plant densities as
follows:

- Intercropping treatments (maize: cowpea)
1- 1:1

2- 2:1

3- 33

4- Sole cropping

- Plant densities (plants/hectare)

1- 56000 (30cm X 60cm)
2- 67000 (25cm X 60cm)
3- 83000 (20cm X 60cm)
4- 111000 (15cm X 60cm)

The experimental design was a split plot with four
replicates. The intercropping patterns distributed
randomly in the main plots and the plant densities in the
sub-plots and the sub-plot contains 12 rows each of 3.0
m in length and 0.6 m in width. Maize and cowpea were
planted at the same time on December 16 and 12, in the
first and second seasons respectively. Phosphorous
fertilizer was applied at the rate of 60 kg
phosphor/hectare in the form of calcium super

phosphate (46%P,0s) during seedbed preparation, and
nitrogen fertilizer was applied at rate of 120 kg
N/hectare in form of urea (46 N%) in two equal doses
before the second and fourth irrigations. Plants were
thinned before the second irrigation leaving one
plant/hill for both crops. The other agricultural practices
were done according to the recommendations. The
characters studied were as follows:

A — Maize characters

1- Biological yield/hectare.

2- Grain yield/hectare.

3- Harvest index.

B — Cowpea characters

1- Biological yield/hectare.

2- Grain yield/hectare.

3- Harvest index.

C — Competitive relationships and yield advantage
1 - Land equivalent ratio (LER):

It was determined according to Andrews and
Kassam (1976) as follows:

LER = RY maize tRY cowpea

Intercropping yield of maize

RY Maize =
Pure stand yield of maize
Intercropping yield of cowpea

RY Cowpea =
Pure stand yield of cowpea
2 — Relative crowding coefficient (K):

It was determined according to De Wit (1960) as
follows:

ymce Zc
K Maize = X
ymm — ym Zm
ycm Zm
RY Cowpea = X
ycc —ycm Zc

Where:

ymm = pure stand yield of maize
ycc = pure stand yield of cowpea
ymc = intercrop yield of maize
ycm = intercrop yield of cowpea

Zm = sown proportion of maize in a mixture with
cowpea

Zc = sown proportion of cowpea in a mixture with
maize
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3 — Aggressivity (A):
It was determined according to Mc Gilchrist (1965)
as follows:

Y mc Ycm
A Maize= —— X
Ymm x Zm Ycecx Zc
Ycm Ymc
A Cowpea — ——— X
Ycecx Zc Ymm x Zm

4 — Competitive ratio (CR):
It was determined according to Willey and Rao
(1980) as follows:

. _ LER maize Zc

CR maize ~ LER cowpea Zm
__ LER cowpea 7Zm
CR COWp ea " LER maize Zc

The statistical analysis for data was carried out
according to Gomez and Gomez (1984). L.S.D test at
5% significant level was used to compare the
differences between treatment means.

ESULTS AND DISCUSSION
A — Maize characters:
1 — Maize biological and grain yields:

Results in Table (2) indicated that biological and
grain yield of maize were significantly affected by plant
densities and the intercropping patterns as well as their
interaction in both seasons. Biological yield was
gradually increased when the plant density was
increased to reach the maximum value of 11.99 tons in
the first season and 11.51 tons in the second season at
the highest plant density (1110000 plants/hectare) with
significant increase compared to the other plant
densities except 83000 plant density in the first season.
The results were also supported by Shivay and Sing
(2000) and Al-Shebani and Alazaki (2006).

Maize grain yield/hectare was significantly
increased by increasing plant density and that highest
yield of 4.43 and 4.11 tons in the first and second
seasons respectively, was obtained at plant density of
83000 plants/hectare with significant difference than
56000 plants/ hectare in both seasons and 67000 plants/
hectare in the second season only. In general, maize
density of 83000 plants/hectare was increased grain
yield compared with the other plant densities and this is
true either in sole cropping or under intercropping
patterns. The increase in maize grain yield that was
recorded per unit area is a good indicator that the
cowpea is not competitor for the maize and inter
specific competition between both species is much
lower than the intra specific competition. Similar results
were recorded by Fisher (1977) and Shivay and Sing
(2000).

Results in Table (2) also revealed that intercropping
patterns significantly reduced biological and grain yield
of maize compared to solid maize. The 1:1, 2:1 and 3:3
intercropping patterns when compared with solid maize
produced biological yield of 68.11, 91.93 and 71.47%
in the first season and 66.98, 94.67 and 74.54% in the
second season  respectively. The  respective
intercropping patterns yielded 76.92, 91.48 and 78.17%
in the first season and 82.38, 94.29 and 87.14% in the
second season of that grain yield of solid maize. On the
other hands the biological and grain yields produced by
2:1 were significantly higher than those of 1:1 and 3:3
patterns. The reduction in biological and grain yield of
maize under intercropping patterns mainly due to the
reduction of area planted. These results agree with those
obtained by Shivay and Sing (2000) and Hassan et al.
(2008) for biological yield, and by Fisher (1997),
Shivay and Sing (2000), Hassan et al. (2008) and
Ahmed and Baswiad (2009) for grain yield. Interaction
between plant densities and the intercropping patterns
had significant effect on biological and grain yields in
the two seasons.

Table 1. Mechanical and chemical analysis of the experimental soil in 2012/2013 and

2013/2014 seasons

A - Mechanical analysis

2012/2013 season 2013/2014 season

Sand (%) 25 30

Silt (%) 65 55
Clay (%) 10 15

Soil texture Sandy loam Sandy loam

B - Chemical analysis

E.C. (m mohos/cm/25 °C) 1.3 1.5

pH (1:2.5 water suspension) 8.8 8.7
Organic matter (%) 0.64 0.51
Total N (%) 0.04 0.05
Available P (NaHCO3 extractable) ppm 12 14
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Table 2. Biological yield, grain yield and harvest index of maize as affected by plant densities, intercropping patterns and their
interaction in 2012/2013 and 2013/2014 seasons

. 2012/2013 20132014
Plant density / - - - - - -
Character hectare Solid Intercropping patterns (maize : cowpea) Solid maize Intercropping patterns (maize : cowpea)
maize 1:1 2:1 3:3 Mean 1:1 2:1 3:3 Mean
56000 12.32 7.97 11.95 8.40 10.16 11.84 7.18 11.33 8.34 9.67
67000 13.04 8.36 12.06 9.83 10.82 12.46 7.91 11.61 9.46 10.36
Biological 83000 13.60 9.59 12,51 9.96 11.42 12.87 8.23 12.20 9.53 10.71
yicld 111000 14.60 10.56 12.70 10.08 11.99 13.09 10.36 12.45 10.14 11.51
(ton/hectare)  Mean 13.39 9.12 1231 9.57 12.57 8.42 11.90 9.37
L.S.D. at 5% Plant densities (A) Intercropping patterns (8) AxB Plant densities (A) Intercropping patterns (8) AxB
0.68 0.72 0.89 0.80 0.86 1.09
56000 4.48 333 4.09 3.59 3.87 3.84 3.10 3.66 3.33 3.48
67000 471 3.77 4.47 3.82 4.19 4.00 3.23 3.80 3.62 3.66
83000 5.33 391 4.57 3.90 4.43 4.71 3.69 4.27 3.78 4.11
Grain yield 111000 4.70 3.79 4.45 3.74 4.17 4.26 3.82 4.12 3.92 4.03
(ton/hectare)  Mean 4.81 3.70 4.40 3.76 4.20 3.46 3.96 3.66
LS.D. at 5% Plant densities (A) Intercropping patterns (8) AxB Plant densities (A) Intercropping patterns (8) AxB
o 035 038 0.61 031 0.36 0.44
56000 36.35 40.81 35.52 41.98 38.67 31.94 42.71 31.83 39.69 36.54
67000 35.12 44.20 36.60 37.96 38.47 31.82 39.98 31.79 37.62 35.30
83000 38.3 39.79 35.95 38.51 38.14 35.95 43.88 34.80 38.96 38.40
Harvest index 111000 31.10 3491 34.14 36.60 34.19 31.75 35.96 32.70 38.16 34.64
(%) Mean 35.22 39.93 35.55 38.76 32.87 40.63 32.78 38.61
LSD. at 5% Plant densities (A) Intercropping patterns (8) AxB Plant densities (A) Intercropping patterns (8) AxB
o 33 3.6 6.2 3.7 48 6.70
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The maximum biological yield of 14.60 and 13.09 tons/
hectare were produced by sole maize at plant density of
111000 plants/hectare, followed by 2:1 intercropping
pattern and 1110000 plants/ hectare (12.70 and 12.45
tons) and (12.51 and 12.20) at 83000 plants / hectare for
the first and second seasons respectively. While the
maximum grain yield of 5.33 tons in the first season and
4.71 tons in the second season was obtained by maize
sole cropping at 83000 plants/ hectar . On other hand,
the 2:1 pattern with 83000 plants/ hectare was superior
to 1:1 and 3:3 patterns in biological and grain yield at
all plant densities except 3:3 pattern at 1110000 plants/
hectare in grain yield of the second season this might
be due to increased maize plant population in 2:1
pattern.

2- Harvest index:

It is clear from the results (Table 2) that harvest
index at the highest plant density was lower than the
other plant densities, while the maximum value in the
first season (38.67%) and the second season (38.40%)
was for 56000 and 83000 plants/ hectare respectively
with significant difference than 111000 plant/hectare
.Similar results were reported by Al-Shebani Alazaki
(2006). Intercropping patterns had significant effect on
maize harvest index in both seasons (Table 2). The
results showed that the maximum harvest index of
39.93 and 40.63% was obtained by 1:1 intercropping
pattern with no significant difference than 3:3 pattern
(38.76 and 38.61%) for the first and second seasons
respectively, while the lowest harvest index was for
solid maize (3522 and 32.87 %) and for 2:1
intercropping pattern in the two seasons (35.55 and
32.78 %). Such results may be attributed to light use
efficiency of solar radiation utilized by maize grown in
1:1 and 3:3 intercropping patterns which in turn
enhances the conversion of light energy to chemical
energy and consequently encourages the dry matter
accumulation in grain. These results agree with that
obtained by Alshebani and Alazaki (2006). Concerning
interaction effect on harvest index of maize, the results
on Table (2) indicate that interaction between plant
densities and intercropping patterns significantly
affected harvest index in both seasons. The maximum
values of this character in the first season (44.20%) and
in the second season (43.88%) were produced under 1:1
pattern at 67000 and 83000 plants/ hectare respectively
with no significant difference compared to 3:3 pattern at
different plant densities except 111000 plants/hectare in
both seasons.
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B — Cowpea characters:
1 — Cowpea biological and seed yields:

Results in Table (3) showed that biological and seed
yields of cowpea were significantly affected by plant
densities and intercropping patterns as well as their
interaction. It is evident that increasing plant density
significantly increased biological and seed yields of
cowpea either in sole cropping or in intercropping
patterns in both seasons. The maximum values of
biological yield(1.92 and 2.05 tons/ hectare) and seed
yield (0.620 and 0.659 tons/ hectare) in the first and
second seasons, respectively, were obtained at the
highest plant density with significant difference in both
seasons compared to 56000 and 67000 plants/ hectare.
Such increase for 111000 plants/ hectare compared with
83000 plants/ hectare was significant in the second
season only in biological yield, while it was not
significant in both seasons for seed yield. Similar results
were obtained by Shivay and Sing (2000), and
Gabatshela et al. (2012).

Regarding intercropping patterns, the results (Table
3) revealed that intercropping patterns significantly
reduced the biological and seed yield than sole cowpea.
Biological yield underl:1, 1:2 and 3:3 patterns were
62.55, 35.14 and 65.64% in the first season and 60.80,
35.60 and 68.80% in the second season, respectively,
than that yield produced by sole cowpea. The respective
seed yield were 60.50, 33.81 and 68.09% in the first
season and 59.58, 32.90 and 69.92% in the second
season when compared with that yield produced by
solid cowpea. Also the results revealed that seed yield
produced under 2:1 intercropping pattern was lower
than that produced under 1:1 and 3:3 intercropping
patterns. This reduction under intercropping patterns
compared to sole cropping may largely be attributed to
the reduction in plant population rather than fierce
interplant competition for growth resources. The results
for biological yield agreed with Shivay and Sing
(2000), Hassan et al. (2008) and Gabatshela et al.
(2012). The results for seed yield were supported by
Marfa et al. (1979), Shivay and Sing (2000), Hassan et
al. (2008), Ahmed and Baswiad (2009) and Gabatshela
etal. (2012).

It is observed from the results in Table (3) that the
interaction between plant densities and intercropping
patterns was significant in both seasons, for both
biological yield and seed yield. The maximum
biological yield of 2.90 and 3.35 tons in the first and
second seasons, respectively, was obtained by sole
cropping at 111000 plants/hectare without significant
difference with 83000 plants/ hectare in the first season,
and the maximum seed yield was obtained by sole
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Table 3. Biological yield, seed yield and harvest index of cowpea as affected by plant densities, intercropping patterns and their
interaction in 2012/2013 and 2013/2014 seasons

. 2012/2013 2013/2014
Character Plant density / Intercropping patterns (maize : cowpea) Intercropping patterns (maize : cowpea)
: B . : " -] .
hectare Solid cowpea 11 2:1 3:3 iean Solid cowpea 11 2:1 3:3 Mean
56000 2.28 1.50 0.70 1.38 1.47 1.85 1.30 0.75 135 131
67000 234 1.59 .84 1.55 1.58 215 1.42 (.88 1.56 1.50
Biological 83000 282 1.64 1.04 1.90 1.85 2.65 1.36 0.91 1.95 1.77
yicld 111000 2.90 1.74 1.05 1.97 1.92 3.35 1.81 1.01 202 2.05
(tonhectare)  Mean 259 162 091 1,70 250 1,32 0.89 1.72
LSD. ot % Plant densities (A) Intercropping patterns (B) AxB Plant densities (A)  Intercropping patterns (B) A<B
SD.at3
! 0.22 0.23 033 0.20 0.24 (.30
56000 0.736 0.461 0228 0.436 0478 0.693 0.412 0.246 0.468 (0.455
67000 0.810 0.503 0.258 0.508 0.520 0.796 0.496 0.263 0.554 0.528
. 33000 0.919 0.524 0315 0.618 0.594 0.925 0.519 0.272 0.650 0,392
Seed yield 111000 0.908 0.550 0.340 0.682 0.620 0.989 0.602 0.338 0.708 0.659
(towhectare)  Mean 0.843 0510 0285 0574 0.851 0507 0280 0593
LSD. al 5% Plant densitics (A)  Intercropping patterns (B) AxB Plant densitics (A) Intercropping patterns (B) AxB
SD.at3
’ 0.072 0.087 0.109 0.069 0.080 0.093
56000 3248 30.98 3275 35.50 32.93 3740 31.96 33.10 34.94 3435
67000 34.82 31.87 30.90 32.96 32.64 37.11 3522 30.40 35.80 34.63
. 83000 3279 32.16 30.49 32.75 32.05 3521 33.55 30.18 33.61 33.14
Harvest index 111000 31.41 3171 32.60 34.31 32.63 29.81 33.53 33.74 3535 33.01
0
(%) Mean 32.88 31.68 31.69 34,01 3488 33.57 31.76 34,93
LS at % Plant densities (A)  Intercropping patterns (B) AxB Plant densities (A)  Intercropping patterns (B) AxB
SD.at3
’ NS NS NS NS 3.10 56
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cropping at 83000 and 111000 plants/ hectare in the
first season (0.919 and 908 tons/hectare) and the
second season (0.989 and 0.925 tons/hectare),
respectively. Concerning intercropping patterns, the
highest bilogical yield (1.97 and 2.02 tons/hectare) and
seed yield (0.682 and 0.708 tons) were produced under
3:3 intercropping pattern at 111000 plants/hectare in the
first and second seasons, respectively, with insignificant
difference with 83000 plants / hectare.

2- Harvest index:

The results in Table (3) showed that plant densities
had no significant effect on harvest index in both
seasons. Regarding intercropping patterns, results
indicated that harvest index was significantly affected
by intercropping patterns in the second season only and
that maximum harvest index of 34.93% was obtained
from 3:3 pattern with significant increase compared to
2:1 pattern, while this increase in the first season did
not reach the level of significance. Interaction between
plant densities and intercropping patterns significantly
affected the harvest index in the second season only and
the highest value of 37.40% was obtained at 56000
plants/ hectare under sole cropping, while the lowest
value of 29.81% was for sole cropping at 111000 plants
/ hectare.

C - Competitive relationships and yield advantage:
1- Land equivalent ratio (LER):
Results of LER are presented in Table(4) Results

revealed that values of (EY maize ) were greater than
those of cowpea wunder all combinations of
intercropping patterns and plant densities except 3:3
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intercropping pattern at 111000 plants/hectare density
in the first season, and all values of relative yield of
maize and cowpea were less than one, however the
combined LER exceeded one at all combinations of
intercropping patterns and plant densities, and that LER
value of treatment of 111000 plants/ hectare density
under 3:3 pattern was the highest (1.51 and 1.60) while
the LER value of treatment of 56000 plants/ hectare
density and 2:1 pattern was the lowest one (1.02 and
1.05) for the first and second seasons respectively.
These results indicated that maize and cowpea are
compatible intercrop components when they were
intercropped at all combinations of intercropping
patterns and plant densities with high advantage of 51
and 60% for the first and second seasons respectively
when they were intercropped at the highest plant density
(111000 plants/hectare) under 3:3 intercropping pattern.
This means that 51 to 60% more land requires in sole
cropping in order to obtain the same yield of that
intercropping treatment. The results are on line with
those obtained by Marfa et al. (1997), Allen and Gboura
(1983), Asafu-Agyei et al. (1997), Hassan et al. (2008),
Ahmed and Baswiad (2009) and Al-Shebani and
Alazaki (2012).

2- Relative crowding coefficient (K):

Results in Table (5) showed that the K values for
maize were more than one and more than those of
cowpea under all combinations of intercropping
patterns and plant densities except that treatment of 3:3
pattern and 111000 plants/ hectare density where the K
value of cowpea for this treatment in the first season
was more than that of maize and more than one.

Table 4. Land equivalent ratio (LER) for maize and cowpea as affected by intercropping
patterns at different plant densities in 2012/2013 and 2013/2014 seasons

Season 2012/2013 2013/2014
Intercropping Plant densities (hectare) Plant densities (hectare)
patterns 56000 67000 83000 111000 Mean 56000 67000 83000 111000  Mean
(maize :cowpea)
LER maize
1:1 0.63 0.71 0.73 0.71 0.70 0.66 0.69 0.78 0.81 0.74
2:1 0.77 0.84 0.89 0.84 0.83 0.78 0.89 0.81 0.88 0.84
3:3 0.67 0.72 0.84 0.70 0.73 0.71 0.77 0.80 0.83 0.78
Mean 0.69 0.76 0.82 0.75 0.72 0.78 0.80 0.84
LER cowpea
1:1 0.45 0.55 0.57 0.60 0.54 0.45 0.54 0.56 0.65 0.55
2:1 0.25 0.28 0.34 0.37 0.31 0.27 0.29 0.29 0.37 0.31
3:3 0.53 0.55 0.61 0.81 0.63 0.51 0.60 0.70 0.77 0.65
Mean 0.41 0.46 0.51 0.59 0.41 0.48 0.52 0.60
combined LER
1:1 1.08 1.26 1.30 1.31 1.24 1.11 1.23 1.34 1.46 1.31
2:1 1.02 1.12 1.23 1.21 1.14 1.05 1.18 1.10 1.25 1.15
3:3 1.20 1.27 1.45 1.51 1.36 1.22 1.37 1.50 1.60 1.42
Mean 1.10 1.22 1.33 1.34 1.13 1.26 1.32 1.44
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Table 5. Relative crowding coefficient(K) for maize and cowpea as affected by intercropping
patterns at different plant densities in 2012/2013 and 2013/2014 seasons

Season 2012/2013 2013/2014
Intercropping Plant densities (hectare) Plant densities (hectare)
patterns 56000 67000 83000 111000 Mean 56000 67000 83000 111000  Mean
(maize : cowpea)
K maize
1:1 1.67 2.42 2.75 2.46 2.33 1.93 2.18 3.62 4.29 3.01
2:1 1.63 2.56 4.04 2.49 2.68 1.72 2.06 4.78 3.44 3.00
3:3 1.74 2.53 2.73 2.35 2.34 2.41 3.32 4.07 4.96 3.69
Mean 1.68 2.50 3.17 2.43 2.02 2.52 4.16 4.23
K cowpea
1:1 1.01 1.21 1.33 1.49 1.26 0.80 1.16 1.28 1.86 1.28
2:1 0.67 0.79 1.06 1.19 0.93 0.74 0.82 0.85 1.17 0.90
3:3 1.12 1.24 2.05 2.88 1.82 1.02 1.49 2.36 3.26 2.03
Mean 0.93 1.08 1.48 1.85 0.85 1.16 1.50 2.10
K= K maize K cowpea
1:1 1.68 2.93 3.66 3.67 2.99 1.55 2.52 4.62 8.00 4.17
2:1 1.09 2.03 4.29 2.97 2.60 1.28 1.68 4.05 4.02 2.76
3:3 1.95 3.13 5.60 6.77 4.36 2.47 4.96 9.61 16.19 8.31
Mean 1.57 2.70 4.52 4.47 3.32 1.77 3.05 6.09 9.40

Table 6. Aggressivity (A) for maize and cowpea as affected by intercropping patterns at
different plant densities in 2012/2013 and 2013/2014 seasons

Season 2012/2013 2013/2014
Intercropping Plant densities (hectare) Plant densities (hectare)
patterns 56000 67000 83000 111000 Mean 56000 67000 83000 111000 Mean
(maize :cowpea)
A maize
1:1 +0.25 +0.32 +0.29 +0.23 +0.27 +0.33 +0.31 +0.45 +0.32 +0.35
2:1 +0.39 +0.40 +0.30 +0.24 +0.33 +0.35 +0.33 +0.46 +0.30 +0.36
3:3 +0.29 +0.33 +0.12 -0.08 +0.21 +0.40 +0.34 +0.20 +0.14 +0.27
Mean +0.31 +0.35 +0.24 +0.18 +0.36 +0.33 +0.37 +0.25
A cowpea
1:1 -0.25 -0.32 -0.29 -0.23 -0.27 -0.33 -0.31 -045 -0.32 -0.35
2:1 -0.39 -0.40 -0.30 -0.24 -0.33 -0.35 -0.33 -046 -0.30 -0.36
3:3 -0.29 -0.33 -0.12 +0.08 -0.21 -0.40 -0.34 -020 -0.14 -0.27
Mean -0.31 -0.35 -0.24 -0.18 -0.36 -0.33 -0.37 -0.25

The values of K revealed that all combinations of
plant densities and intercropping patterns achieved yield
advantage compared to sole planting of both crops
where K values were more than one and the greatest
values of 6.77 in the first season and 16.19 in the
second season were obtained from 3:3 pattern at 111000
plants/hectare. These results indicated the superiority of
the intercropping of cowpea with maize at all
combinations of intercropping patterns and plant
densities over the pure stand in terms of the use of
environment resources during plant growth and
development. The results closely agree with the results
obtained by Hassan et al. (2008) and Al-Shebani and
Alazaki (2012).

3- Aggressivity (A):

Results on aggressivity (Table 6) showed that
average values of 2:1 pattern was higher than those of
1:1 and 3:3 patterns while the least value was for 3:3
pattern.  Regarding  the  interaction  between
intercropping pattern and plant densities, the results
showed that the least value of (0.08) in the first season
and of (0.14) in the second season was for 3:3
intercropping combined with plant density of 111000
plants/hectare whereas the highest value of (A) was
obtained from 2:1 pattern combined with plant density
of 67000 plants/hectar in the first season (0.40) and
83000 plant/hectare in the second season (0.46).
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Table 7. Competitive ratio (CR) for maize and cowpea as affected by intercropping patterns
at different plant densities in 2012/2013 and 2013/2014 seasons

Season 2012/2013 2013/2014
Intercropping Plant densities (hectare) Plant densities (hectare)
patterns 56000 67000 83000 111000 Mean 56000 67000 83000 111000  Mean
(maize : cowpea)
CR maize
1:1 1.40 1.29 1.28 1.18 1.29 1.47 1.28 1.39 1.25 1.35
: 1.53 1.48 1.28 1.11 1.35 1.42 1.38 1.55 1.17 1.38
3:3 1.26 1.31 1.09 0.95 1.15 1.39 1.28 1.14 1.08 1.22
Mean 1.40 1.36 1.22 1.08 1.43 1.31 1.36 1.17
CR cowpea
1:1 0.71 0.78 0.78 0.85 0.78 0.68 0.78 0.72 0.80 0.75
2:1 0.62 0.68 0.81 0.92 0.76 0.70 0.73 0.77 0.85 0.76
3:3 0.79 0.76 0.92 1.06 0.88 0.72 0.78 0.88 0.93 0.83
Mean 0.71 0.74 0.84 0.94 0.70 0.76 0.79 0.86

Also it was observed from the results that maize had
positive values of (A) while cowpea had negative
values at all combinations of intercropping patterns and
plant densities except that treatment of 3:3 patterns
combined with 111000 plants/ hectare density in the
first season where the value of (A) for cowpea in this
treatment was positive (+0.08) while it was negative for
maize (- 0.08). It is evident that cowpea
requires 50% from the intercropping area under 3:3
pattern to contribute positively and avoid the sever
competition of maize plants. Similar results were
obtained by Hassan et al. (2008) and El-Shebani and
Alazaki (2012).

4- Competitive ratio (CR):

To estimate the exact degree of competition,
competitive ratio (CR) was calculated. The results on
Table (7) indicated that maize was always more
competitive than cowpea. The results, also indicated
that competitive ratio of maize was higher under 2:1
pattern, while competitive ratio of cowpea was higher
under 3:3 patterns, the same trend was observed at all
combinations  of plant density and intercropping
patterns. Also, the results showed the (CR) of maize
was reduced while cowpea (CR) increased by
increasing plant density and this true under different
intercropping patterns in the two seasons. In all cases,
(CR) values of maize exceeded the unity, whereas, (CR)
values of cowpea were below the unity. This tendency
could be interpreted due to higher growth rate of maize
than cowpea during their life cycle together since maize
is a C4 crop. The results are in agreement with those
obtained by Hassan et al. (2008) and Al-Shebani and
Alalzaki (2012).
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