Effect Intercropping with Cowpea and
Maize with Organic Manure Application
on the Physiological Parameters

ABSTRACT

Intercropping involves cultivating two or more crops simultaneously in the same field, optimizing the
use of land, water, light, and nutrients for higher yields compared to sole cropping. Organic
manures, such as farmyard manure, poultry manure, oilseed cake, vermicompost, and bio-slurry,
play a vital role in enhancing soil health by providing essential nutrients and supporting microbial
populations. In contrast, excessive use of inorganic fertilizers can lead to environmental
degradation. Present study explores the synergistic effects of intercropping and organic manure
application on the physiological parameters of maize (Zea mays) and cowpea (Vigna unguiculata).
Agricultural practices like intercropping optimize resource utilization and enhance overall
productivity, especially in regions with limited water resources like Mizoram, India. These practices
exhibit positive responds when combined with organic manure on soil health and yield attributes on
crops. The experiment was laid out in randomized block design (RBD) with ten treatments
replicated thrice. The result indicate that plants treated with Maize + Cowpea (2:1) + 50% of RDN
(Recommended doses of Nitrogen) through Farm Yard Manure + 50% of RDN through Poultry
Manure + Lime (200 kg ha-1), resulted in significantly maximum physiological parameters of the
crops.
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1. INTRODUCTION biochemical composition of plants and seed
capabilities [9]. Various sources of fertilizers
exist, ranging from natural to industrially produce.
In the current global context, environmental
degradation poses a significant threat, with the
extensive use of chemical fertilizers contributing
substantially to environmental deterioration
through fossil fuel depletion, carbon dioxide

Diverse cropping systems are an essential and
vital in today’s agricultural scenarios for improved
productivity and sustainability [1]. Intercropping,
defined as the simultaneous cultivation of two or
more crops in the same field [2], is a well-
established agricultural practice, particularly in

tropical regions. This method maximizes overall
productivity per unit area by optimizing the use of
land, labor, and growth resources [3,4,5].
Intercropping often leads to higher vyields
compared to sole cropping systems [6,7], mainly
due to the more efficient utilization of resources
such as water, light, and nutrients [8].

Fertilizers utilized in agricultural practices provide
vital nutrients essential for plant growth,
maturation, development of plant parts, and

generation, and water resource contamination.
This contributes to soil fertility loss due to the
imbalanced use of fertilizers, negatively
impacting agricultural productivity and causing
soil degradation. There is a growing
acknowledgment that the adoption of ecological
and sustainable farming practices is essential to
reverse the declining trend in global productivity
and environmental protection [9]. The prolonged
use of inorganic fertilizers without natural
supplements damages the physical, chemical,
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and biological properties of soil, leading to
environmental pollution [10]. Organic manure not
only serves as a source of nutrients and organic
matter but also enhances the microbial
population, biodiversity and activity in the soil
[11]. Soils rich in organic matter have been
proven to improve the growth and yield of various
plants, as well as soil infiltration, compaction, and
water retention capacity for seed germination
and plant root development [12]. Various sources
of organic manures, such as farmyard manure
(FYM), poultry manure, oilseed cake,
vermicompost and bio-slurry contribute to soil
health. Farmyard manure (FYM) is a traditional
and important organic source of nutrients,
improving the physical, chemical and biological
characteristics of the soil [13]. While many
vegetable producers opt for inorganic fertilizers
due to their ease and rapid availability to plants
[14]. Poultry manure is rich organic manure since
solid and liquid excreta are excreted together
resulting in no urine loss. In fresh poultry excreta
uric acid or urate is the most abundant nitrogen
compound (40-70 per cent of total N) while urea
and ammonium are present in small amounts
[15].

Cereal-legume intercropping is a significant
practice in subsistence food production, playing a
crucial role in both developed and developing
countries, particularly in regions with limited
water resources [16].This farming technique,
involving simultaneous cultivation of cereal and
legume crops, contributes to maintenance and
enhancement of soil fertility [17]. Its importance
is particularly pronounced in developing
countries where farmers facing financial
constraints often cannot afford the use of
inorganic fertilizers. An essential aspect of
cereal-legume intercropping is the nitrogen-fixing
ability of legumes. Legumes have the capacity to
fix atmospheric nitrogen, a process wherein
nitrogen from the air is converted into a form
usable by the plants. This nitrogen may be
utilized by the legume itself or released from
nodules into the soil, becoming accessible to
neighboring plants [18]. This symbiotic
relationship between cereals and legumes not
only supports soil fertility but also presents an
economically viable alternative for farmers with
limited resources [7]. Legume intercrops have
several socioeconomic [19] and biological and
ecological [20] advantages compared to sole
cropping for small-holder farmers [21]. Keeping
in consent the above discussed entities, the
present study was conducted with an objective to
determine the effect of intercropping with organic

manure on the physiological parameters of maize
and cowpea.
2. MATERIALS AND METHODS

The experiment was conducted during the kharif
seasons of 2020 and 2021 at the organic
certified farm of Mr. Lalnuntluanga farm situated
at Melriat village, 13 km from the main capital
Aizawl city, Mizoram under Tlangnuam RD
Block, Aizawl, Mizoram (Fig. 1). The soil of the
experimental site is acidic in nature, sandy loam
in texture, medium in organic carbon and
medium in available nitrogen, low in phosphorus
and medium in potassium.

In the course of the experimentation period, the
kharif crop received 845.8mm rainfall and
1876.6mm rainfall during the year 2020 and
2021, respectively. The mean maximum and
minimum temperature during kharif season
ranged from 25.5 to 30.8°C and 19.8 and 22.1°C
during 2020, however during 2021, mean
maximum and minimum temperature ranged
from 27.3 to 33.4°C and 17.4 and 21.1,
respectively. The minimum and maximum mean
relative humidity during kharif season ranged
from 52.6% to 91.9% and 45.7% to 78.4% during
2020 and 2021, respectively. Mean weekly wind
speed during kharif season of the years 2020
and 2021 ranged from 0.5 to 20.6 km/hr and 0.6
to 1.4 km/hr respectively.

The field experiment was laid out in randomized
block design (RBD) with ten treatments
replicated thrice (Table 1). “MZM-MB-02”
(Mizoram local) cultivar of maize and “MZCP-
10”(Mizoram local) cultivar of cowpeaare taken
as test crop. Farm yard manure was applied as
blanket application during land preparation, rock
phosphate (150 kg/ha) was applied as basal
application and recommended dose of Nitrogen
(80 kg/ha) was applied through organic manures.
100% of recommended dose of nitrogen through
Farm yard manure (8,600 kg/ha), 100% of
recommended dose of nitrogen through poultry
manure (4,392 kg/ha), 50% of recommended
dose of nitrogen through Farm Yard Manure
(4300 kg/ha) + 50% of recommended dose of
nitrogen through Poultry Manure (2196 kg/ha),
Lime (200 kg/ha) were applied respectively
before sowing for different treatments in the
selected plots. During the present study,
intercropping impacts on physiological
parameters of maize and cowpea was assessed
by observing different plant growthparameters
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Fig. 1. Experimental Site, Aizawl| District Mizoram, India
Table 1. Treatment details of the research experiment
Treatments Details
T Maize + Farmers’ Practice
T, Maize + 100% of RDN through Farm Yard Manure
Ts Maize + 100% of RDN through Poultry Manure
T, Maize + 50% of RDN through Farm Yard Manure + 50% of RDN through Poultry
Manure
Ts Maize + 50% of RDN through Farm Yard Manure + 50% of RDN through Poultry
Manure + Lime (200 kg/ha)
Te Maize + Cowpea (2:1) + Farmers’ Practice
T, Maize + Cowpea (2:1) + 100% of RDN through Farm Yard Manure
Tg Maize + Cowpea (2:1) + 100% of RDN through Poultry Manure
Ty Maize + Cowpea (2:1) + 50% of RDN through Farm Yard Manure + 50% of RDN
through Poultry Manure
Tio Maize+ Cowpea (2:1) + 50% of RDN through Farm Yard Manure + 50% of RDN

through Poultry Manure + Lime (200 kg/ha)

viz. plant height (cm), number of leaf/ plant, leaf
area (cm?), leaf area index, dry matter
accumulation (g/m?), crop growth rate (g/m?/day),
relative growth rate (g/g/day) at different growing
stages of the crops. Further, the recorded
observed data were statistically analyzed and the
critical differences (CD) were worked out at 5%
probability level [22]. Thereafter, analysis on
correlation was tested for the recorded and
calculated data.

3. RESULTS AND DISCUSSION
3.1 Plant Height (cm)

Observed plant height in centimeter for the years
2020-21 was averaged and pictorial graph was
drawn as shown in Table 2-3 & Fig. 2
respectively. Averaged plant height of maize and
cowpea increased from 30 to 60 DAS rapidly and
increased at slower pace up to at harvest stage
in all the treatments. Measurements of plant
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height were not possible for the first five
treatments (T, to Ts) because the plants were too
small for cowpea. Therefore, the readings for
plant height began with the sixth treatment (Tg)
when the plant heights were presumably tall or
more suitable for measurement. Among the
treatments, Tio: Maize + Cowpea (2:1) + 50% of
RDN through Farm Yard Manure + 50% of RDN
through Poultry Manure + Lime (200 kgha-1)
recorded significantly taller plant in maize at all
the stages and which was comparable to Tg:
Maize + Cowpea (2:1) + 50% of RDN through
Farm Yard Manure + 50% of RDN through
Poultry Manure at all the stages. The highest
plant height of maize and cowpea was noted
under T,o crops, this might be due to
incorporation of cowpea crop as an intercrop
which fixes nitrogen and help in soil microbial
activity around maize crop favouring higher
growth of maize [23]. Nitrogen is a constituent of
protein and vitality associated with the activity of
all living cells. The maximum plant height was
recorded under above mentioned treatments are
mainly due to higher crop-intercrop competition
i.e., plant attained height owing to less utilization
of light and solar radiation [24] and [25].
Therefore, under higher nitrogen availability due
to incorporation of pulse crop as intercrop there
would have been superior growth of plant due to
high rate of protoplasmic protein synthesis
leading to taller plants. These constituents
increase cell sizes and finally the vertical growth
of plants [26]. Organic amendments
incorporation helps to provide better environment
to enhance growth naturally hence observed
significant increase in plant height (Amanulla et
al. 2006).

3.2 Number of Leaves Per Plant (Nos.),
Leaf Area (cm? plant) & Leaf Area
Index (LAI)

Similarly, Number of leaves per plant, Leaf area
and LAI were observed at 15, 30, 45, 60, and 75
days after sowing (DAS) (Table no. 4-9 and Fig.
3 to 5). Measurements of Number of leaves per
plant, Leaf area and LAl were not possible for the
first five treatments (T, to Ts) because the plants
were too small for cowpea. Therefore, the
readings began with the sixth treatment (Tg).
Number of leaves per plant showed a significant
increase up to 45 DAS. The treatment Ty, (Maize
+ Cowpea 2:1 + 50% RDN through Farm Yard
Manure + 50% RDN through Poultry Manure +
Lime 200 kg ha-1) resulted in the highest number
of leaves per plant, leaf area and leaf area index
(LAI) at 15 DAS, 30 DAS, 45 DAS, and 60 DAS.

The lowest number of leaves per plant, leaf area
and LAl was observed under T; (Maize +
Farmers’ Practice). The trends and effects of
treatments were consistent. The combination of
maize and cowpea with specific nutrient
management practices, including the use of farm
yard manure, poultry manure and lime resulted in
a significant increase in the number of leaves per
plant, Leaf area and LAl compared to traditional
farmer practices (T, :Maize + Farmers’ Practice).
The specific treatment Ty, showed consistent
positive effects across multiple observation
periods, while Tg was particularly effective at 75
DAS. In intercrop cowpea, there was a
progressive increase in the number of leaves per
plant, Leaf area (cm” plant-1) and Leaf area
index (LAI) and this trend was observed
consistently during the present study. Treatment
T1o (Maize + Cowpea 2:1 + 50% RDN through
Farm Yard Manure + 50% RDN through Poultry
Manure + Lime 200 kg ha-1) significantly
recorded maximum number of leaves per plant,
Leaf area (cm® plant-1) and Leaf Area Index
(LAI) compared to other treatments. The lowest
number of leaves per plant was consistently
recorded under T; (Maize + Farmers’ Practice).
The tabulated averaged number of leaves per
plant (Nos.), leaf area (cm?/ plant) & leaf area
index (LAlare shown in Table 4-9 & Fig. -5
respectively.

The analysis reveals more number of leaves per
plant with larger leaf size due to enhancement of
cell division and cell expansion by assured
supply of vital N in balance form with other
nutrients during active crop growing period was
probably responsible for this trend. The higher
value of the vegetative -characteristics of
intercropped maize and cowpea together may be
due to the efficient use of natural resources like
as light, water and nutrients. This echoes the
findings of Maitra et al. [27] and [28] that showed
that the yield benefit of intercropping results from
the efficient conversion of growth resources such
as light, water and nutrients into biomass. The
higher value of vegetative characteristics of
legume and maize intercrop may possibly be
attributing to less weed competition, since the
majority of the land is covered by crops that
inhibit weed growth. This result was also
supported by Onunwa et al. [29] where they
stated that organic manure resulted in higher
number of leaves for maize and cowpea. Similar
findings were reported by Okpanachi et al.
[30].Among the organic manures, Composted
Poultry



Table 2. Average Plant Height (cm) of Maize during different DAS.

Treatments Days After Sowing (DAS)

15DAS 30DAS 45DAS 60DAS 75DAS 90DAS
T, 6.11 16.13 46.25 84.08 95.35 152.88
T, 5.89 21.56 47.61 84.37 100.57 159.72
T3 6.09 23.62 50.82 89.97 105.3 165.58
T, 6.41 24.88 53.01 92.57 107.09 168.76
Ts 7.03 31.03 58.24 104.52 113.15 177.97
Te 5.91 21.71 43.25 86.68 99.78 157.59
T, 6.3 27.89 55.77 99 106.28 162.32
Tsg 6.07 27.65 57.85 103 107.63 166.43
To 6.45 32.16 59.99 106.21 115.45 175.55
T1o 6.77 36.19 64.81 111.22 117.66 193.78
S.Em.x 0.26 1.42 2.16 3.04 2.38 4.93
C.D.at 5% 0.76 4.21 6.43 9.02 7.07 14.64

Table 3.Plant Height (cm) of Cowpea during different DAS
Treatments Days After Sowing (DAS)
15DAS 30DAS 45DAS 60DAS 75DAS

Ts 8.17 12.38 24.01 54.81 79.41
T, 8.24 14.82 26.17 56.25 81.41
Tg 8.17 15.54 27.14 58.49 84.41
To 8.1 15.96 27.38 61.88 87.76
T1o 8.38 17.95 31.02 63.86 88.65
S.Em.x 0.32 0.41 0.93 141 1.56
C.D.at 5% 1.04 1.33 3.03 4.59 5.07
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Fig. 2. Plant height (cm) of maize and cowpea
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Fig. 3. Number of Leaves per plant for Maize and Cowpea

Table 4. Average leaves per plant (Nos.) for Maize during different DAS

Treatments Days After Sowing (DAS)

15DAS 30DAS 45DAS 60DAS 75DAS
T, 3.41 5.65 8.61 6.8 4.87
T, 3.33 6.07 8.97 8.42 5.7
Ts 3.3 6.18 9.56 8.82 6.97
Ty 3.27 6.63 9.82 8.96 6.89
Ts 3.3 7.18 10.01 9.22 6.98
Te 3.32 5.69 8.33 6.88 5.3
T, 3.33 6.71 7.93 8.95 6.73
Tsg 3.33 7.45 8.75 9.49 7.56
To 3.32 7.73 9.57 9.86 7.44
T1o 3.36 8.16 10.19 10.33 7.47
S.Em.x 0.026 0.614 0.539 0.816 0.678
C.D.at 5% 0.04 0.04 0.04 0.03 0.03

Manure (CPM), either alone or in combination
with FYM, produced the highest LAI. This could
be because of the higher uptake of nutrients
especially N supplied by organic manures and
this might have promoted the leaf area and the

provided either by poultry manure or FYM in
addition to supplying plant nutrients might have
influenced the leaf area and LAl positively. Such
a positive effect was reported byAmanullah et
al.[15] in groundnut and in cassava and maize.

LAI. Besides, the favorable soil conditions
Table 5. Average leaves per plant (Nos.) for Cowpea during different DAS
Treatments Days After Sowing (DAS)
15DAS 30DAS 45DAS 60DAS 75DAS
Te 1.99 5.47 9.58 7.85 6.01
T, 2 5.93 9.94 8.53 7.59
Ts 2 6.81 10.13 8.61 8.98
To 2.01 8.23 10.3 9.37 9.23
T1o 1.99 8.84 11.2 9.79 10.17
S.Em.x 0.007 1.024 0.428 0.539 1.146
C.D.at 5% 0.07 0.07 0.07 0.09 0.06
Table 6. Average leaf area (cm2/ plant) for Maize during different DAS
Treatments Days After Sowing (DAS)
15DAS 30DAS 45DAS 60DAS 75DAS
T, 68.25 95.6 128.96 242.77 342.07
T, 72 105.06 149.19 253.98 354.05
T3 75 139.62 171.8 280.58 364.54
T, 78 149.27 196.3 295.46 399.38
Ts 85.5 152.56 205.97 312.7 423.26
Te 65.25 98.89 138.67 253.86 360.62
T, 81 106.3 169.47 273.16 374.56
Ts 83.25 125.16 194.7 300.99 388.78
To 83.7 168.88 201.79 317.27 436.89
T1o 87.75 177.22 224,51 325.23 485.35
S.Em.x 8.78 21.37 22.383 20.634 31.392
C.D.at 5% 26.09 0.76 0.76 0.76 0.76

Table 7. Average leaf area (cm2/ plant) for Cowpea during different DAS
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Treatments Days After Sowing (DAS)

15DAS 30DAS 45DAS 60DAS 75DAS
Te 117.75 61.65 69.09 72.23 119.73
T, 119.25 71.39 79.68 85.55 142.44
Tg 123.75 83.285 86.58 94.1 150.85
Ty 1245 90.26 95.69 103.69 163.4
T1o 134 98.32 102.09 109.85 172.13
S.Em.t 6.47 10.35 9.2 10.53 14.33
C.D.at 5% 21.09 1.04 1.04 1.04 1.04

Table 8. Average Leaf Area Index (LAI) for Maize during different DAS

Treatments Days After Sowing (DAS)
15DAS 30DAS 45DAS 60DAS 75DAS

T, 0.15 0.27 0.88 1.1 11
T, 0.16 0.28 0.95 1.4 1.3
Ts 0.17 0.3 0.99 1.7 1.7
Ty 0.17 0.31 1.07 1.8 1.8
Ts 0.19 0.33 1.15 1.9 2
Te 0.15 0.27 0.88 1.2 1.3
T, 0.18 0.29 0.96 1.6 1.7
Tsg 0.19 0.31 1.06 1.9 2
To 0.19 0.32 1.14 2.1 2.2
T1o 0.19 0.34 1.33 2.2 2.4
S.Em.t 0.02 0.01 0.06 0.3 0.3
C.D.at 5% 0.06 0.04 0.19 0.76 0.76

Table 9. Average Leaf Area Index (LAI) for Cowpea during different DAS
Treatments Days After Sowing (DAS)

15DAS 30DAS 45DAS 60DAS 75DAS
Te 0.26 0.4 0.71 0.63 0.8
T, 0.27 0.46 0.74 0.81 1.2
Tg 0.28 0.49 0.75 0.9 1.505
Ty 0.29 0.49 0.78 1.08 1.675
T1o 0.29 0.54 0.83 1.19 1.945
S.Em.x 0.01 0.01 0.01 0.15 0.312
C.D.at 5% 0.05 0.05 0.04 1.04 1.04
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Fig. 4. Leave area in cm?/ Plant for Maize and Cowpea
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3.3 Average Dry Matter Accumulation

(DMA)

Average dry matter accumulation recorded and it
is tabulated in Table no. 10 to 11 and Fig. 6.
Calculation of Average Dry Matter Accumulation
of cowpea was not possible for the first five
treatments (T, to Ts) because the plants were too
small. Therefore, the readings for average dry
matter accumulation began with the sixth
treatment (Tg). The maximum dry matter
accumulation per plant at 30 DAS (103.99 g/mz),
45 DAS (134.16 g/m?), 60 DAS (317.50 g/m?), 75
DAS (934.20 g/m?® and at 90 DAS (1248.55
g/mz) respectively, was recorded significantly
under treatment T,o: Maize + Cowpea (2:1) +
50% of RDN through Farm Yard Manure + 50%
of RDN through Poultry Manure + Lime (200
kgha-1), whereas, the lowest dry matter
accumulation was recorded under T, exhibiting a
mean value of 2.94, 68.21, 93.03, 232.71,
766.92 & 977.18 g/ m? respectively at 15, 30, 45,
60, 75 & 90 days after sowing (DAS).

In intercrop cowpea, the data on dry matter
accumulation per plant of cowpea progressively
increased. The results revealed that treatment,
T1o significantly exhibited maximum dry matter
accumulation among rest of the treatments at 15
DAS, 30 DAS, 45 DAS, 60 DAS & 75 DAS
respectively. Tgpared with maximum dry matter
accumulation treatment at 60 DAS. At 75 DAS,
treatments T, Tg& T was found to be at par with
treatment Tyo. Intercropping increased the dry
matter production and yield compared to sole
crops [31,32]. The best indicators of a crop's
overall performance and responsiveness are the
amount of dry matter produced [33]. Thus in all
the treatments, Ty, can be gauged as satisfyingly
exhibiting good growth and productivity in both

maize and cowpea when assessed in terms of
different plant growth parameters.

3.4 Crop Growth Rate (CGR) and Relative
Growth Rate (RGR)

Averaged crop growth rate (CGR) was plotted as
shown in Fig. 7 with its data tabulated as shown
in Table 12. Measurements of Crop Growth Rate
(CGR) and Relative Growth Rate (RGR) were
not possible for the first five treatments (T, to Ts)
because the plants were too small for cowpea.
As a result, the readings began with the sixth
treatment (Tg). Maximum crop growth rate for
Maize was recorded significantly under
treatments T, with values 17.55 & 25.77
g/mzlday during 15-30 DAS & 30-45 DAS
respectively; Ts with value 55.60 g/m?/day
recorded at 45-60 DAS; and T, with value 64.45
& 47.25 g/m®/day during 60-75 DAS& 75-90
DAS.

Whereas, the lowest crop growth rate for maize
was found to be 11.22 g/mzlday during 15-30
DAS under T,. Since CGR is the change in rate
of dry matter production per unit of land area with
advancement of crop growth, higher dry matter
production per plants at 15-30 DAS, 45- 60 DAS,
60-75 DAS and 75-90 DAS respectively in
treatment T, were significantly more when
compared withother treatments. In intercrop
cowpea, the data on crop growth rate of cowpea
at 15-30, 30-45, 45-60 & 75-90 DAS respectively
during experimentation have been highlighted in
Table 13 and Fig. 7. On mean basis, maximum
crop growth rate was observed under Ty, during
the period of 45-60 DAS reaching a value of 3.01
g/m“/day. The rapid increase in crop growth rate
(CGR) during the initial 60

Table 10. Average Dry Matter Accumulation (DMA) for Maize



Lalrinsangi et al.; Int. J. Plant Soil Sci., vol. xx, no. xx, pp. xx-xx, 20YY; Article no.lJPSS.116659

Treatments Days After Sowing (DAS)
15DAS 30DAS 45DAS 60DAS 75DAS 90DAS
T1 2.94 68.21 93.03 232.71 766.92 977.18
T2 3.86 73.27 95.82 255.76 807.48 1006.45
T3 3.55 76.54 100.26 263.74 817.22 1023.9
T4 3.52 78.17 102.57 275.9 837.2 1039.18
T5 3.36 88.75 114.51 304.73 903.4 1117.07
T6 3.28 70.99 93.82 243.39 800.74 987.38
T7 3.19 82.72 106.98 277.2 868.8 1067.03
T8 3.18 85.86 110.77 287 882.1 1108.89
T9 3.48 94.49 119.56 296.75 916.9 1201.65
T10 3.82 103.99 134.16 317.5 934.2 1248.55
S.EEm.t 0.33 2.63 431 6.87 451 15.95
C.D.at 5% 0.97 7.82 12.81 20.42 13.41 47.38
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Fig. 6. Dry Matter Accumulation (DMA) for maize and cowpea
Table 11. Average Dry Matter Accumulation (DMA) for Cowpea

Treatments Days After Sowing (DAS)

15DAS 30DAS 45DAS 60DAS 75DAS
T6 4.77 21.16 26.58 58.19 74.56
T7 5.3 22.84 26.68 60.61 78.8
T8 5.19 24.29 28.4 61.33 79.77
T9 5.28 24.77 33.26 63.36 80.54
T10 5.72 31.63 36.1 67.22 81.79
S.Em.x 0.18 1.45 0.79 1.52 1
C.D.at 5% 0.6 4.73 2.58 4.95 3.27

Table 12. Average Crop Growth Rate (CRG) in g/m2/day for Maize

Treatments Days After Sowing (DAS)
15-30DAS 30-45DAS 45-60DAS 60-75DAS 75-90DAS

T, 11.22 24.98 46.93 50.84 37.3
T, 11.69 24.67 50.96 54.7 38.13
T3 12.34 24.88 51.65 55.29 39.13
T, 12.7 24.99 52.85 56.88 38.67
Ts 14.55 25.23 55.6 61.27 42.57
Te 11.37 24.8 49.28 55.81 35.8
T, 13.6 25.02 52.53 59.06 40.58
Tg 14.07 25.13 53.59 58.68 44.48
To 15.89 25.26 53.29 64.45 47.25
T1o 17.55 25.77 54.78 62.95 46.69
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S.Em.x 0.51 0.84 1.63 3.02 2.7
C.D.at 5% 151 NS 4.84 NS NS
Table 13. Average Crop Growth Rate (CRG) in g/m?/ day for Cowpea
Treatments Days After Sowing (DAS)
15-30DAS 30-45DAS 45-60DAS 60-75DAS
Te 1.61 2.49 2.86 2.59
T, 1.67 2.47 2.98 2.67
Ts 1.8 25 2.95 2.61
To 1.79 2.6 2.98 2.55
T10 1.84 2.7 3.01 2.45
S.Em.x 0.07 0.09 0.13 0.17
C.D.at 5% 0.21 0.28 0.38 0.5
50 /_/\\/)P—’/\K 25 r%—<
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Fig. 7. Crop Growth Rate (CGR) for Maize & Cowpea

DAS can be attributed to optimal conditions for
photosynthesis and nutrient uptake, which are
critical for early crop development. This finding is
consistent with the general understanding of crop
growth dynamics [34] and [35]. After 60 DAS, the
decline in CGR may be linked to factors such as
nutrient depletion, increased competition for
resources among plants and possibly
environmental stressors. This phase of reduced
CGR highlights the importance of proper nutrient
management and pest control strategies in
sustaining crop growth [36].

Relative Growth Rate (RGR) values computed in
g/g/day from total dry matter accumulation
obtained at different stages of crop growth in the
present study are presented as below in Tables
14-15 and Fig. 8. The data reveal that RGR of
maize and cowpea shows decreased trend from
sowing rapidly and at slower pace up to at
harvest stage. Study of the data reveals that
relative growth rate for both the crops influenced
significantly at 15-30 DAS. (RGR) is the per day
increase in plant dry weight over the already

existing dry weight and had a decreasing trend
with advancement of crop development. [37].
Pandey and Singh[33] stated that an RGR value
in wheat was initially high but with time it
decreases and much of the decrease would be
attributed to an increase of shading. Crop forage
yield and RGR were reduced with intercropping
compared with sole crop [38]. Yavas and
Unay[39] stated that relative growth rate is a
measure used to quantify the speed of crop
growth. RGR values are influenced by
reproductive stage growth and intercropping. The
rate of translocation of photosynthates was
probably declined in the plant tissues due to
faster drying of cell sap and this was the
probable reason for significantly lower RGR in
these treatments at last stage of crop. Values for
maize significantly reduced with maize aged and
the highest values were obtained from
intercropping systems.Nooli et al. [40,41,42] also
observed similar behaviour of growth rates in
maize due to integrated application of various
organic and inorganic nutrient sources in maize.

Table 14. Average relative growth rate in g/g/day for Maize

10



Lalrinsangi et al.; Int. J. Plant Soil Sci., vol. xx, no. xx, pp. xx-xx, 20YY; Article no.lJPSS.116659

Treatments Days After Sowing (DAS)
15-30DAS 30-45DAS 45-60DAS 60-75DAS 75-90DAS
T, 0.217 0.077 0.055 0.031 0.017
T, 0.191 0.074 0.058 0.029 0.017
T3 0.2 0.071 0.057 0.029 0.017
T, 0.206 0.071 0.058 0.029 0.016
Ts 0.213 0.066 0.058 0.03 0.017
Te 0.206 0.076 0.057 0.03 0.016
T, 0.222 0.068 0.057 0.031 0.016
Tsg 0.22 0.067 0.057 0.031 0.018
To 0.221 0.062 0.055 0.032 0.018
T1o 0.222 0.059 0.054 0.031 0.018
S.Em.x 0.01 0.002 0.001 0.001 0.001
C.D.at 5% NS 0.005 0.004 0.002 0.002
= 0.25 —o—15-30DAS ——30-45DAS 45-60DAS —>—60-75DAS —#— 75-90DAS —o—15-30DAS —8-30-45DAS 45-60DAS —=60-75DAS
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Fig. 8. Relative Growth Rate for Maize & Cowpea (g/g/Day)
Table 15. Average relative growth rate in g/g/day for Cowpea
Treatments Days After Sowing (DAS)
15-30DAS 30-45DAS 45-60DAS 60-75DAS
Te 0.102 0.053 0.033 0.020
T, 0.101 0.052 0.033 0.020
Ts 0.103 0.050 0.032 0.020
To 0.100 0.051 0.032 0.019
T1o 0.096 0.050 0.031 0.018
S.Em.x 0.002 0.001 0.001 0.001
C.D.at 5% 0.005 0.004 0.003 0.002
Table 16. Correlation analysis on plant growth parameters of Maize
Parameters Plant No. of Leave LAI DMA CGR RGR
Height Leaves Area
Plant Height 1.00
No of Leaves 0.75 1.00
Leave Area 0.98 0.73 1.00
LAI 0.91 0.93 0.92 1.00
DMA 0.91 0.79 0.95 0.94 1.00
CGR 0.82 0.58 0.86 0.78 0.91 1.00
RGR 0.61 0.31 0.65 0.52 0.72 0.94 1.00
Table 17. Correlation analysis on plant growth parameters of Cowpea
Parameters Plant No of Leave LAI DMA CGR RGR
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Height Leaves Area
Plant Height 1.00
No of Leaves 0.98 1.00
Leave Area 0.97 0.92 1.00
LAI 0.95 0.99 0.86 1.00
DMA 1.00 0.98 0.97 0.95 1.00
CGR 0.98 0.96 0.98 0.92 0.98 1.00
RGR 0.98 0.94 1.00 0.88 0.98 0.99 1.00
Correlation analysis on the different plant growth 2. Takim FO. Advantages of Maize-Cowpea
parameters for both the crops maize & cowpea intercropping over sole cropping through
was calculated as shown below in Tables 16 & competition indices. J. Agric. Biod. Res.
17 respectively. The correlation study shows 2012;1(4):53-59.
positive correlation among plant height, no. of 3. Marshal B, Wily RW. Radiation
leaves, leaf area, LAl, DMA, CGR and RGR. interception and growth in an intercrop of
Positive correlations among these parameters Pearl millet/groundnut. Field crops Res.
imply that as one parameter increases, the other 1983;7:141-160.
parameters also tend to increase. This suggests 4. Quayyum MA, Ahmed A, Chowdhury AK.
that there is a coordinated and synchronized Crop weed competition in maize + black
growth pattern in plants, where increases in one gram in sole and intercropping system.
aspect of growth are associated with increases in Bangladesh J. Agril. Res.
other aspects as well.  Similarly [43] also 1999;24(2):249-254.
reported the same with positive correlation 5. Craufard PQ. Effect of plant density on the
between whole plant photosynthetic rate on a yield of sorghum-cowpea and pearl millet-
mass basis and RGR. cowpea intercrops in northern Nigeria.
Exp. Agric. 2000; 36(3):379-395.
4. CONCLUSION 6. Lithourgidis AS, Vasilakoglou 1B, Dhima
KV, Dordas CA, Yiakoulaki MD. Forage
Present study shows that application of yield and quality of common vetch mixtures
intercropping of maize and cowpea in 2:1 ratio with oat and triticale in two seeding ratios.
and application of 50% of RDN through farm yard Field Crop Res. 2006;99(2-3):106-113.
manure and poultry manure along with lime @ 7.  Gabatshele ML, Teko KM, Witness M.
200 kg ha™ contributed significantly maximum Effects of Intercropping on the
plant height, number of leaves per plant, leaf Performance of Maize and Cowpeas in
area index, dry matter accumulation and crop Botswana. International ~ Journal  of
growth rate among rest of the treatments. The Agriculture and Forestry 2012;2(6):307-
study also emphasizes that the contribution of 310.
insights into the potential benefits of integrating 8.  Li L, Sun JH, Zhang FS, Li XL, Yang SC,
intercropping and organic manure application for Rengel Z. Wheat/maize or wheat/soybean
enhancing the growth and productivity of maize strip intercropping |. Yield advantage and
and cowpea. Integrating intercropping and interspecific interactions on nutrients. Field
organic manure application are sustainable Crop Res. 2006;71(2):123-137.
practices which hold promise for addressing 9. Uddin KM, Wani JA, Ram D, Kumar S.
agricultural challenges while promoting soil Depth wise distribution of available
health and overall environmental sustainability. nutrients of soils of horticulture growing
areas of Ganderbal District of Kashmir
COMPETING INTERESTS Valley. Journal of Pharmacognosy and
Phytochemistry. 2018;7(1):19-22.
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REFERENCES fertilizers on the yield of brinjal and soil
properties. Journal of the Bangladesh
1. Hauggaard NH, Ambus P, Jensen ES. Agricultural University. 1970; 6(2): 271-
Temporal and spatial distribution of roots 276_-
11. Albiach R, Canet R, Pomares F, Ingelmo

and competition for nitrogen in pea-barley
intercrops. A field studies employing 23P
techniques. Plant Soil. 2001;236:63-74.

12

F. Microbial biomass content and
enzymatic activities after the application of



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Lalrinsangi et al.; Int. J. Plant Soil Sci., vol. xx, no. xx, pp. Xx-xx, 20YY; Article no.lJPSS.116659

organic amendments to a horticultural soil.
Bioresource Technol. 2000;75(1):43-48.
Thapa R. A Detail Eview on Status and
Prospect of Maize Production in Nepal.
Food and Agri Economics Review (FAER).
2021; 1(1); 52-56.

Kumar U, Kumar NA, Shahid M, Gupta
VVSR, Panneerselvam P, Mohanty S et al.
Continuous application of inorganic and
organic fertilizers over 47 years in paddy
soil alters the bacterial community
structure and its influence on rice
production. Agriculture, Ecosystems &
Environment. 2018;262:65-75.

Moretti MDL, Sanna-Passino G, Demontis
S, Bazzoni E, Essential oil formulations
useful as a new tool for insect pest control.
AAPS PharmSciTech. 2002;3(2):64—74.
Amanullah MM, Vaiyapuri K, Alagesan A,
Somasundaram E, Sathyamoorths K,
Pazhanivelan S. Effect of Intercropping
and Organic Manures on the Yield and
Biological Efficiency of Cassava
Intercropping System (Manihot esculenta
Crantz.) Research Journal of Agriculture
and Biological Sciences. 2006;2(5):201-
208.

Dahmardeh M, Ghanbari A, Syahsar BA,
Ramrodi M. The role of intercropping
maize (Zea mays L.) and Cowpea (Vignha
unguiculata L.) on yield and soil chemical
properties.  African J. Agric. Res.
2010;5(8):631-636.

Tsubo M, Walker S, Ogindo HO. A
simulation model of cereal-legume
intercropping  systems for semi-arid
regions: I. Model development. Field Crops
Res. 2005;93(1):10-22.

Andrews RW. Intercropping, Its importance
and research need I. Competition and yield
advantages. Field Crops Abstr.
1979;32:1-10.

Ofori F, Stern WR. Cereal and legume
intercropping systems. Advances in Agron.
1987;41:41-90.

Chemeda F. Effect of bean and maize
intercropping on bean common bacteria
blight and rust diseases. Int. J. Pest
Manag. 1996;42(1):51-54.

Chemeda F. Effects of planting pattern,
relative planting date and intra-row spacing
on a haricot bean/maize intercrop. Afr.
Crop Sci. J. 1997;5(1):15-22

Panse VG, Sukhatme PV. Statistical
methods for agricultural workers, ICAR
Publications. New Delhi; 1985.

13

23.

24.

25.

26.

27.

28.

29.

30.

31.

Renwick LLR, Kimaro AA, Hafner JM,
Rosenstock TS, Gaudin ACM. Maize-
pigeonpea intercropping  outperforms
monocultures  under drought.  Front.
Sustain. Food Syst. 2020;4:562663.

DOI: 10.3389/fsufs.2020.562663.
Hamdalla WA, Shalaby EM, Dawood RA,
Zohry AA. Effect of Cowpea
(Vigna sinensis L.) with Maize (Zea mays
L.) Intercropping on vyield and its
components. International Journal of
Agricultural and Biosystems Engineering
2014;8 (11):1170-1176.

Ayesa AS, Mia S, Khanam S, Mithu MH,
Uddin KM, Muktadir MA, et al. How Does
Maize-Cowpea Intercropping Maximize
Land Use and Economic Return? A Field
Trial in Bangladesh. Land. 2022;11, 581.
Gyapong KAB, Ayisi CL. The Effect of
Organic Manures on Soil Fertility and
Microbial Biomass Carbon, Nitrogen and
Phosphorus under Maize-cowpea
Intercropping System. Discourse Journal of
Agriculture and Food Sciences2015;3(4):
65-77.

MaitraA, Munshi T, Healy J, Martin
LT, VollmerW, Keep NH et al. Cell wall
peptidoglycan in Mycobacterium
tuberculosis: An Achilles’ heel for the TB-
causing pathogen. FEMS Microbiol Rev.
2019; 43(5):548-575.

Ayilara MS, Abberton M, Oyatomi, OA,
Odeyemi O, Babalola O. Nutritional
properties of underutilized legumes and
intercropped maize. Front. Soil Sci.
3:1047847.

DOI: 10.3389/fs0il.2023.1047847.
OnunwaAO, Nwaiwu CJ, Nwankwor JE,
Emeh CE, Madueke CO, Igwe CA. Effects
of four organic amendments on sall
physiochemical properties and vyield of
maize (Zea mays) and cowpea (Vigha

unguiculata) intercrop in Awka, south-
eastern Nigeria. Journal of Tropical
Agriculture, Food, Environment and

Extension. 2021;20(2):49-56.

Okpanachi A, Polycap A, Joseph OC,
Temitayo LI. Assessment of the effect of
Inter cropping on Yield Parameters of
Maize and Groundnut. The
InternationalJournal of Biological
Research. 2022;5(1):1-11.

Fujita K, Ofusu-budu KG, Ogata S.
Biological nitrogen fixation in mixed
legume-cereal cropping system. Plant Soil.
1992;141:155-175.



32.

33.

34.

35.

36.

37.

38.

Lalrinsangi et al.; Int. J. Plant Soil Sci., vol. xx, no. xx, pp. Xx-xx, 20YY; Article no.lJPSS.116659

Cenpukdee U, Fukai S. Agronomic
modification of competition between
cassava and pigeon pea in intercropping.
Field Crop Res. 1992; 30:131-146.

Pandey M, Singh T. Effect of Intercropping
Systems and different levels  of
nutrients on dry matter accumulation and
physiological growth Parameters ofBed
Planted Wheat (Triticum aestivum L.).
Indian Journal of Science andTechnology.
2015;8(11): 1-6.

Monteith JL. Climate and the efficiency of
crop production in Britain.
Philosophical Transactions of the Royal
Society B. (1977); 281(980): 277-294.
Wanniang SK, Singh AK. Effect of
Integrated Nutrient Management Practices
on Growth and Development of Hybrid
Maize Cultivar HQPM1 in Mid-Hills of
Meghalaya. Journal of Agri Search.
2017;4(3):189-193.

Donald CM, Hamblin J. The convergence
model for cereal yield response to water
and nitrogen supply:Interpretation  of
models.Australian Journal ofAgricultural
Research. 1976; 27(1):1-14.

Kumar V, Singh AK, Ray LIP. Effect of
planting pattern and organic nutrient
sources on performance of maize in
maize-cowpea intercropping system.
Journal of Agrisearch.2021;8(1): 1-5.

Elfeel AA, Bakhaswain AA, Abohassan RA.
Interspecific Interactions and
Productivity of Leucaena
LeicocephalaandClitoriaternateaunder Arid
Land

39.

40.

41.

42.

43.

Mixed Cropping. The J. Anim. Plant Sci.
2013;23(5):1424-1430.

Yavas |, Unay A. Evaluation of
physiological growth parameters of maize
in maize-legume intercropping system. The
Journal of Animal & Plant
Sciences.2016;26(6):1680-1687.

Nooli SS, Chittapur BM, Hiremath SM,

Chimmad VP. Phytomass and
biomass production and N-accumulation of
green manures grown as intercrop

with grain maize. National Seminar on
technology Option for Dyland Agriculture,
held from 20 - 22 November 2001 at AC
and RI Madhurai, Tamil Nadu
Agricultural University. 2001;25.

Kumar S, Rawat CR, Melkania NP. Forage
production potential and economics of
maize (Zea mays) and cowpea (Vigha
unguiculata) intercropping under rainfed
conditions. Indian Journal of Agronomy.
2005;50(3):184-186.

Das A, Patel DP, Munda GC, Ghosh PK.
Effect of organic and inorganic
sources of nutrients on vyield, nutrient
uptake and soil fertility of maize (Zea
mays)-mustard (Brassica campestris)
cropping system. Indian Journal of
Agricultural Sciences. 2009;80(1):85-88.
Atkin OK, Botman B, Lambers H. The
causes of inherently slow growth in alpine
plants: an analysis based on the
underlying carbon economies of alpine and
lowland poa  species. Fun Ecol.
1996;10:698-707.

© Copyright (2024): Author(s). The licensee is the journal publisher. This is an Open Access article distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

14



