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Effect of planting pattern and organic nutrient sources on performance
of maize in maize-cowpea Intercropping system
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ABSTRACT

A field experiment was conducted to evaluate the effect of planting pattern and organic
nutrients sources on maize in an intercropping system with cowpea. The treatment consists of
four planting pattern (Sole maize, Sole cowpea, 1:1 maize + cowpea and 2:2 paired row maize +
cowpea) and four nutrient sources (inorganic, FYM, ambrosia weed biomass and 50% through
FYM + 50% through ambrosia weed biomass) allocated to main and sub plots, respectively.
Growth parameters of maize did not vary significantly due to planting various planting
patterns with cowpea except for dry matter accumulation at harvest. Highest grain, stover and
biological yield of maize was also reported from sole maize which was at par with paired row
planted maize but significantly higher over the maize intercropped in 1:1 planting pattern with
cowpea. All the growth parameters and yield attributes of maize also differed significantly due
to application of various sources of plant nutrients except for plant height at 30 DAS, CGR and
RGR during 30-60 DAS and cobs per plant and cob length. Maximum grain yield in maize was
recorded from inorganic nutrient source which was at par with combined nutrient application
through FYM and ambrosia. Protein content ingrain remain at par but nutrient uptake varied
markedly and follow the trends of grain and biological yields both due to planting pattern and
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nutrient sources.
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INTRODUCTION

aize (Zea mays L.) is one among the oldest fully

domesticated food plants, also known as miracle

crop and queen of the cereals due to very high yield
potential and wider adaptability. This is the third major food
crop in India after rice and wheat (Singh et al., 2017), however, it
is the second most important food crop in Meghalaya, with the
area, production and productivity of 0.18 lakh ha, 0.27 lakh
tons and 1.5 tha’, respectively (Anonymous, 2019). In the
NEHR including the state of Meghalaya, maize productivity is
much below than the national average and limited supply of
plant nutrients is one among important reasons for this low
yield level. Cowpea (Vigna unguiculata L.) is a multipurpose
grain legume whose leaf and pods can be used as spinach and
green bean while protein-rich seeds may be the substitute for
meat. Since maize is planted at wider row spacing of 60-75 cm,
it provides enough opportunity to grow a short duration
legume like cowpea as inter-crops in between two maize rows
(Singh et al., 2013). Studies have shown that the productivity of
maize in low fertile soils could be enhanced through the use of
cowpea as intercrop as cowpea supplied some of the
biologically fixed nitrogen to the associated cereals and maize-
legume intercropping was more productive and less risky
technology than the sole maize (Singh and Bhatt, 2013) .The
technique of paired row planting in intercropping system is
one way of accommodating the whole population of the base
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crop and creating interspaces wide enough to accommodate
one or two rows of intercrop. Several experiments revealedthat
paired row planting of sorghum and maize for intercropping
with different legumes gave similar yield as their normal
spaced planting (Palaniappan and Ramaswamy, 1975). In
context of hill farmers, present day requirement of plant
nutrients through chemical fertilizers is neither desirable nor
feasible. It is worthwhile to mention that the entire north
eastern region is already recognized for promoting organic
farming by Government of India, because of meagre use and
apathy among farmers towards the use of inorganic chemicals
like fertilizers and pesticides (Bharati et al., 2014). FYM and
various forms of the composts are the traditional sources of
fertilization under organic farming however; they became
scarce and costly due to reduction in the cattle population and
increase in farm mechanization. Hence, there is a need to find
alternate organic sources of manuring for promoting organic
crop production in this hilly region.Ambrosia artemisiifolia
(Ambrosia or ragweed) is one among most wide spread
noxious weed in NEH region especially during spring and pre
Kharif season. The luxuriant vegetative growth of this weed
extract large quantities of nutrient elements from the soil
consists of 2.8% nitrogen, 0.73% phosphorus and 1.07%
potassium in its tissues and can be used as organic source of
plant nutrient supply. In view of the above, the present
investigation was conducted to study the effect of various
nutrient sources and planting pattern on performance of maize
inanintercropping with cowpea.
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MATERIALS AND METHODS

Afield experiment was conducted in Kharif season on research
farm of the CPGS-AS (CAU-I), Umiam Meghalaya in split plot
design with 3 replications. The treatment consists of four
planting pattern (Sole maize, Sole cowpea, 1:1 maize + cowpea
and 2:2 paired row maize + cowpea) and four nutrient sources
(inorganic, FYM, ambrosia weed biomass and 50% through
FYM + 50% through ambrosia weed biomass) allocated to
main and sub plots, respectively by using a fresh random
number. The experimental field was sandy clay loam in
texture with acidic in reaction (pH 4.67). The soil was high in
organic carbon, low in available nitrogen, and potassium but
medium in available phosphorus.Total rainfall received
during the cropping season was 831 mm and mean maximum
and minimum temperature during the cropping season
ranged from 28.58°C and 19.70°C, respectively. The
recommended fertilizer doses @ 80, 60 and 40 kg ha"and 20, 60
and 40 kgha' of N, Pand K were applied in sole crops of maize
and cowpea respectively as per the standard agronomic
process. In intercropping treatments, 50% of cowpea nutrient
requirement was added in full requirement of maize. The
doses of organic nutrient sources were adjusted equivalent to
nitrogen requirement and all were applied 15 days in advance
of sowing. Sowing was done on 15" June of every year with
plant to plant spacing of 20 cm for both the crops in the entire
planting pattern. However, row spacing was adjusted as per
the treatments. For paired row planting, two rows of cowpea
were adjusted at normal spacing of 30 cm in the space
available between two pairs of maize. In all cases, plant to
plant spacing of 20 cm will be maintained for both the
crops.For maize hybrid cultivar Vivek QPM-9 and for cowpea
a local short duration cultivar wasgrown as per the
recommended package of practices except for imposition of
treatments. Observations on growth development, yield
attributes and yield were recorded as per standard
procedures. Data obtained from the experiment was analyzed

by using the technique of ANOVA (Gomez and Gomez, 1984).

RESULTS AND DISCUSSION

Growth and development

Growth attended by maize was measured as plant height,
leaf area index (LAI) and dry matter accumulation per plant
(table 1), growth rates as crop growth rate (CGR) and relative
growth rate (RGR) and attainment of developmental stages
namely tasselling, silking and maturity by atleast 50% of crop
plants (Table 2). Growth parameters tend to increase with
advancement of crop age and their maximum value were
recorded at maturity. Various planting pattern did not bring a
significant difference in these parameters at any stage of
observation except for dry matter accumulation at harvest
when sole maize being at par with paired row planted maize
recorded significantly higher plant dry weight per plant over
1:1 intercropped maize. Better availability of natural
resources like aeration, solar radiation and optimum
humidity combined with leguminous effect in paired row
planting was possibly resulted in significantly high dry
matter over 1:1 planted maize with cowpea. CGR and RGR
remains at par due to planting pattern but differed
significantly due to varied nutrient sources at all stages of
observation except at par difference in both the growth rates
at30-60 DAS stages (table 2). As CGRis the per day increase in
plant dry weight per unitland area, non-significant difference
in dry matter accumulation in plants at all stages except at
harvest was the reason for this trend in CGR (Table 1). 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. Since RGR is also
dependent on dry matter accumulation in plants the
similar reasoning of CGR may be cited here. Number of days
taken to attend all three development stages under
investigation remains at par both due to all planting pattern
and different nutrient sources possibly because of similar

Table1: Effectof planting pattern and nutrient sources on attainment of growth in Maize in maize-cowpea intercropping

Plant height (cm) LAI Dry matter accumulation (g plant”)
Treatment 30 DAS 60 DAS Harvest 30 DAS 60 DAS Harvest 30 DAS 60 DAS Harvest
Planting pattern
Sole maize 89.2 195.4 223.1 0.91 2.11 2.72 14.5 65.0 177.6
Maize + Cowpea 87.0 2028 216.3 0.98 2.39 2.99 14.6 66.0 150.5
(1:1) Maize + Cowpea
(Paired row) 88.8 209.1 218.6 0.97 241 2.86 14.4 60.7 168.0
S.E.(m)x 2.6 5.8 6.7 0.05 0.09 0.16 0.7 2.8 4.19
C.D.(P=0.05) NS NS NS NS NS NS NS NS 16.5
Nutrient sources
RDF 91.9 204.6 221.6 0.99 2.54 3.17 15.3 64.9 167.8
100 % FYM 86.6 193.3 206.8 0.87 2.13 2.60 13.9 63.8 158.0
100 % Weed 85.8 203.4 2219 0.95 2.19 2.75 135 60.5 150.1
50% Weed + 89.0 208.4 227.0 1.01 235 291 15.2 66.6 185.5
50% FYM
S.E.(m)+ 1.6 3.1 3.8 0.03 0.07 0.04 0.5 1.4 44
C.D.(P=0.05) NS 9.3 114 0.09 0.22 0.13 14 43 13.1




March 2021

Vikram et al

[Journal of AgriSearch, Vol.8, No.l]

micro environment during the occurrence of these stages.
These results are in the line of conformity with Alom et al.
(2010).

However, all these three growth parameters varied
significantly due to different nutrient sources except for plant
height at 30DAS. At harvest, maximum plant height, LAl and
dry weight per plant was recorded from the integrated
nutrient application through FYM and Ambrossia green
manuring which being at par with inorganic nutrient source,
was significantly superior over the values recorded from sole
nutrient application through FYM and Ambrossia green
manuring alone. Inorganic nutrient treatment at 30 DAS
recorded highest growth parameters due to adequately
availability of plant nutrients from soluble fertilizer sources.
However, with advancement of crop age better growth was
associated with organic sources. Higher rate of dry matter in
integrated application of FYM and weed biomass was
attributed to more plant height, greater size of photosynthetic
system as evidenced by leaf area and possibly higher rate of
photosynthesis due to balanced availability of essential
nutrients with favourable weather parameters. This trend in
growth was possibly due to more availability of N, P and K
nutrients for crop uptake from organic nutrient sources
because of slow and prolonged release from FYM and
Ambrosia sources which may resulted in enhanced nutrient
use efficiency due to favourable soil physical and biological
conditions created by soil organic matter while some of the
nutrients in inorganic plots were leached beyond root zone or
lost as evaporation and run off or a part of orthophosphate ion
got fixed with various forms of iron and aluminum in soil.
Balyan et al. (2006), Joshi et al. (2013) and Mandal et al. (2014)
also reported similar trends in maize growth and growth rates

due to application of various organic nutrient sources over the
inorganic nutrient source alone. The increased dry matter due
to combine application of FYM and weed biomass also
resulted in significantly higher CGR and RGRat 0-30 DAS and
60-harvest (Table 2) stages of crop growth when integrated
application of FYM and Ambrosia being at par with recorded
significantly more growth rates over sole nutrient application
through Ambrossia weed biomass alone. This could be
attributed to higher rate of dry matter production due to
longer and balanced nutrient supply in the earlier two
nutrientsources.Ayoola and Makinde, (2007) also reported
similar results in growth rates of maize in an intercropping
system with cowpea due to application of various nutrient
sources.

Yield attributes and yields

Among yield attributes, Cobs plant” and test weight remained
at par while cob length, grains cob” and grain weight plant’
varied significantly due to planting pattern.Paired row
planted maize being at par with sole maize recorded
significantly higher values of these parameters above the 1:1
intercropped maize with cowpea (Table 3). Better growth
attended by the maize plantsin these two treatments was the
reason for production of significantly more yield attributes in
maize planted with these two plantnting patterns
possiblydue to higher cell division and more translocation of
photosynthates from source to sink.Grain yields in sole maize
was at par with the paired row planted maize and both the
treatments recorded their significant superiority for grain
yield over 1:1 planting of maize with cowpea. Paired row
planted maize recorded 18.6 % more yield over 1:1 intercrop
maize. Stover yield, biological yield and harvest index in

Table2: Effect of planting pattern and nutrient sources on attainment of growth rate and development stages in Maize in maize-

cowpea intercropping

Treatment Crop growth rate (mg cm2 d?) Relative growth rate (mg g*d™) Days taken to

0-30 30-60 60 DAS- 0-30 30-60 50 % 50 % 50 %

DAS DAS Harvest DAS DAS 60-Harvest  tasselling silking maturity

Planting pattern
Sole maize 0.40 1.40 3.13 38.64 21.62 14.59 54.17 60.75 83.58
Maize + Cowpea 0.41 1.43 2.35 38.60 22.00 11.89 53.58 60.08 84.58
(1:1)
Maize + Cowpea 0.40 1.29 2.98 38.51 20.89 14.57 53.33 59.58 84.33
(Paired row)
S.E.(m)x 0.02 0.06 0.17 0.70 0.23 0.79 0.304 0.573 0.520
C.D.(P=0.05) NS NS NS NS NS NS NS NS NS
Nutrient sources

RDF 0.43 1.38 2.86 39.34 20.96 13.65 54.00 60.56 83.89
100 % FYM 0.39 1.39 2.62 38.05 22.07 13.07 53.89 59.56 83.78
100 % Weed 0.37 1.30 2.49 37.59 21.70 13.12 53.44 59.89 84.44
50% Weed + 0.42 1.43 3.30 39.35 21.28 14.90 53.44 60.56 84.56
50% FYM
S.E.(m)+ 0.01 0.04 0.13 0.46 0.51 0.49 0.591 0.569 0.378
C.D.(P=0.05) 0.04 NS 0.38 1.37 NS 1.47 NS NS NS
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maize follow the same trend of grain yield. Higher values of
almost all the yield attributes in paired row planted maize and
sole maize over the 1:1 intercropped maize-cowpea, due to
attainment of better growth and higher mobilization of
photosynthates towards sink(test weight) was responsible for
this trend in grain yield and harvest index while significantly
more dry weight per plantis attributed to differences in stover
and biological yields as biological yield was the result of sum
of grain and stover yield. Similar variation inyield
attributes,yields and harvest index of maize due to different
planting pattern in maize legume intercropping werealso
reported by Padhi and Panigrahi (2006); Alhaji (2008)) and
Gabatsheleetal. (2012).

Yield attributes also varied significantly due to nutrient
sources except for number of cobs per plant. Relatively higher
but at par yield attributes were observed from inorganic and
integrated nutrient application with Ambrosia grenn
manuring and FYM which were significantly higher over the
sole nutrient application thorugh FYM or Ambrossia alone.
Grain yield recorded from inorganic nutrient source and
combined application of FYM and Ambrossia green

manuring was at par but significantly superior over the sole
application of later two nutrientsources alone. Stover and
biological yield followed the same trend of grain yield
however, harvest index remained at par among all the
nutrient sources. (Table 1 and 2). As a result, almost all yield
attributes were significantly influence by integrated
application of FYM and Ambrossia weed biomass (Table 3).
Significantly high yield attributes due to attainment of
significantly more growth in these two treatments over the
sole nutrient application from either of FYM or Ambrossia
green manuring alone due to attainment of significantly more
growth and growth rates as discussed above was the main
reason for significantly high grain yield in earlier two
treatments. Reasons for significant variation in stover and
biological yield which the same trends of grain yield could be
attributed similarto the effect of planting pattern as discussed
above. Balyan ef al. (2006) and Joshi et al., (2013) also observed
similar differences in yield attributes and yields of maize in
maize - cowpea intercropping.

Table 3: Effect of planting pattern and nutrient sources on attainment of development stages, yield attributes and yield on maize

in Maize-cowpea intercropping

Yield attributes Yields (t ha™)
Cob Grain Stover  Biological  Harvest
Treatment Cobs length Grains Grain wt. yield yield yield Index
plant?! (cm) cob”  Test wt. (g) cob” (g) (tha?) (tha?) (t ha?) (%)
Planting pattern
Sole maize 1.05 23.94 47217 208.29 93.21 5.37 7.60 12.97 4145
Maize + Cowpea (1:1) 1.05 20.18 404.67 193.32 85.11 425 6.27 1052 40.47
Maize + Cowpea 1.08 22.25 480.31 198.90 95.82 5.04 7.12 1216 3
(Paired row)
SE.(m) 0.01 0.57 1523 414 1.87 0.19 0.21 0.40 0.19
C.D.(P=0.05) NS 2.23 59.80 NS 7.33 0.73 0.84 1.57 0.733
Nutrient sources

RDF 1.10 2225 481.91 217.18 103.54 5.40 7.74 13.13 41.12
100 % FYM 1.05 21.07 420.73 195.36 82.53 416 6.02 10.18 40.70
100 % Weed 1.02 22.07 435.72 191.63 89.19 4.85 7.16 12.00 40.40
50 % Weed + 1.07 23.10 470.94 196.52 91.58 5.15 7.07 12.22 42.09
50 % FYM
S.E.(m)x 0.02 0.46 11.12 2,97 1.76 0.15 0.23 034 0.68
C.D.(P=0.05) NS 1.35 33.04 8.82 521 045 0.69 1.01 NS

Protein content and nutrient uptake

The N, Pand K content in maize grains was remain at par both
due to planting pattern and nutrient sources except for P
content when pairedrow planted being at par with sole maize
recorded significantly higher P content in maize grain over 1:1
plantedintercrop maize. However, total uptake of N, P and K
varied significantly due to both the factors of planting
patterns and nutrient sources. Their at par uptake was
recorded with sole and paired row planted maize and both
these maize removed significantly higher nutrients over the

maize planted as 1:1 intercropping with cowpea.At par N
content in maize grains both due to planting pattern and
nutrient sources was the reason for t par protein content due
toboth the factors as itis the result of multiplication of grain N
content with 6.25(AOAC,2020).Uptake of any nutrient in a
particular plant or its part could be attributed to a smaller
extent for its content in the tissue and to the larger extent on
dry matter yield.In present investigation, considerable high
biological yield in paired row intercrop maize and sole maize
over the 1:1 intercrop maize could be attributed to this
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Table4: Effect of planting pattern and nutrient sources on
protein content and uptake nutrient in maize in
maize-cowpea intercropping

Protein N uptake P uptake K uptake
content in in in
Treatment (%) maize maize maize
Planting pattern
Sole maize 9.52 120.97 22.92 68.97
Maize + Cowpea (1:1) 9.38 97.36 17.17 55.41
Maize + Cowpea (2:2) 9.51 115.48 23.64 63.41
S.E.(m)+ 0.15 2.75 0.68 1.49
C.D.(P=0.05) NS 10.80 2.65 5.87
Nutrient sources
RDF 9.47
100% FYM 9.53 123.44 22.69 72.29
100% weed 9.48 94.82 17.24 52.60
50% weed + 50% FYM 9.40 111.48 22.86 62.46
S.E.(m)x 0.10 115.34 22.19 63.02
C.D.(P=0.05) NS 3.49 0.82 2.20
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