SAARC J. Agri., 12(1), 117-126(2014)

EVALUATION OF MAIZE (Zea mays)-LEGUMES INTERCROPPING SYSTEM
UNDER RED AND LATERITIC TRACT OF WEST BENGAL
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Institute of Agriculture, Visva-Bharati, Sriniketan, Birbhum, West Bengal, 731236, India

ABSTRACT

A field experiment was carried out during kharif season of 2010
and 2011 at Sriniketan Research Farm, Visva-Bharati, West Bengal,
India. The yield attributes and growth parameters were significantly
higher in case of sole maize and intercropping treatments with legumes.
The maximum total chlorophyll (chlorophyll a + chlorophyll b) was
observed on sole maize, which was statistically at par with maize crop
under intercropping system. In the middle canopy, highest light
interception (%? was observed in maize + groundnut (2:4). The grain
yield (2.48 t ha™) and stover yield (5.07 t ha™) of maize were significantly
higher in sole maize than either of its intercropping systems with
legumes. The legume yield was highest in maize + groundnut (1:2)
followed by sole groundnut. The maize equivalent yield (7.06 t ha™) was
highest in maize + groundnut (2:4) followed by maize + groundnut (1:2).
The highest benefit cost ratio maize + groundnut (1:2) closely followed
by maize + soybean (1:2). The total N uptake by sole maize was
significantly higher and under intercropping systems, the highest N
concentrations in grain and straw, and protein content in grains were
obtained in maize + soybean (1:2) and maize + groundnut (2:4) treatment.
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INTRODUCTION

Intercropping in recent years has received great attention of the farming
community, because of potential advantages in respect of improved utilization of growth
resources by the crops and sustaining productivity. Maize is an unexploited food crop for
intercropping and grown at wider spacing. Slow growth in initial stages and monocarpic
nature makes it highly suitable for intercropping. Rao (2004) reported increase in
cropping intensity (200%) of rainfed maize through inter cropping of field bean in paired
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rows of maize. In intercropping systems when a legume is grown in association with
other crop (intercrop) commonly a cereal, the nitrogen of the associated crop may be
improved by direct nitrogen transfer from legume to cereal (Giller & Wilson, 1991).
Legumes with their adaptability to different cropping patterns and their ability to fix
nitrogen, may offer opportunitics to sustain increased productivity (Jeyabel &
Kuppuswamy, 2001). Legumes, both alone and as intercrop with cereals, have been
advocated not only for yield augmentation but also for maintenance of soil health,
particularly in degraded soil. The present study was conducted to evaluate maize (Zea
mays) with legumes as intercropping system under red and lateritic tract of West Bengal.

MATERIALS AND METHODS

The field experiment was conducted during two consecutive kharif seasons of
2010 and 2011 at Sriniketan Research Farm (23°39' N latitude, 87°42' E longitude and
58.9 m above mean sea level) of Institute of Agriculture, Visva-Bharati, Birbhum, West
Bengal. The area has a typical sub-humid sub-tropical climate with low temperature
during winter, hot-dry summer and rainy season. During the period of experimentation,
the maximum and minimum temperature ranged from 29.9 to 34.7 °C and 19.0 to 26.9
°C, respectively. Crops received total 508.4 and 640.1 mm rainfall during July to
November in 2010 and 2011, respectively. On an average crop received 2.91 to 9.13
hours sunshine hours per day and relative humidity varied from 75.0 to 89.6%, which
was quite higher than long-term average. The soil of the experimental plot was sandy
loam in texture, acidic in reaction (pH 5.5), with medium level of organic carbon (0.71
%), available P (24.7 kg ha™") but low level of available N (188.16 kg ha™") and K (110.20
kg ha'). The experiment was laid out in a randomized block design with seven
treatments replicated four. Treatments comprised viz., T;: sole maize, T,: sole
groundnut, T;: sole soybean, T4: Maize + groundnut (1:2), Ts: Maize + soybean (1:2), Té:
Maize + groundnut (2:4) and T7: Maize + soybean (2:4). The main crop was maize var.
‘Shakti hybrid’ and the intercrops were groundnut var. ‘TAG 24’ and Soybean var.
‘Birsa Soybean1’. Maize was sown with a seed rate of 20 kg ha™! with spacing 75 cm x
25 cm(5 plant/m®) in sole maize and for paired row was 50 cm x 25 cm(8 plant/m?),
sown on 3™ week of July. Intercrops i.e. groundnut and soybean was sown with 25 cm x
10 cm (40 plant/m®) spacing in east-west direction having 2-3 cm seeding depth. The
fertilizer doses for maize and grain le%umes were 150 kg N, 75 kg P,0Os, 75 kg K;0 and
40 kg N, 80 kg P,0s, 80kg K,0 ha™, respectively. The other management operations
were done as per recommended package of practices for both main and intercrops.
Maize, groundnut and soybean crop were harvest 97, 120 and 116 days after sowing.
Growth and yield parameters were recorded as per standard procedures. The data was
analyzed statistically by the analysis of variance method Cochran and Cox (1963) and
analysis of two years pooled values were given.

The measurement on light interception was taken at 60 DAS. The light incident
radiation was recorded at top of the plant canopy, middle of the plant canopy and at
ground surface with the help of luxmeter. Light intensity was measured in five randomly
selected plants in each plot. Light incidence at the middle of plant canopy and at the
ground surface expressed as % of total incident radiation at the top of the canopy was
obtained by the following formula:
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Light intensity at the middle of
canopy or at ground surface

= X 100
Light intensity above the canopy

% Light incidence at middle of
canopy or at ground surface

Estimation of chlorophyll was done by using Dimethyl Sulfoxide (DMSO)
method of extraction Hiscox and Israeclstam (1979). The 0.05 g of sample pieces of top
most maize leaves at knee height stage, groundnut and soybean leaves at 40 DAS were
kept in 10 ml of DMSO for 12 hours at a temperature of 60°C for chlorophyll extraction.
The sample was cooled to room temperature and it was diluted to five times. The
absorbance of chlorophyll extract was recorded at 645 and 663 nm wavelength with the
help of spectrophotometer.

(12.3 Az — 0.86 Aeus)

i) Chlorophyll a (mg/g fresh weight = XV
) phyll a (mg/g ght) 1000 X w
(19.3 Apss — 3.6 Ag3z)
ii) Chlorophyll b (mg/g fresh weight) = XV
a 1000 X w

Where, a = path length of cubette (cm); W = fresh weight of leaf tissues (g);V =
volume depending on dilution (ml).

RESULTS AND DISCUSSION
Growth parameter

An increasing trend of plant height and dry matter accumulation were observed in
each treatment with the increase in age of the crop (Table 1). At harvest the plant height,
length of leaves and total dry matter production of maize varied significantly due to
intercrops. The highest plant height, dry matter of maize and intercrops
(groundnut/soybean) were observed under sole cropping as compared to maize +
legumes intercrop. Similar results were reported by Alam et al. (2005). At harvest, the
highest average length of leaves /plant was recorded in sole maize which was statistically
at par with paired row systems with both groundnut and soybean and significantly
greater than the other treatments. The highest root weight / plant in legume was recorded
in maize + groundnut (1:2) followed by maize + groundnut (2:4). Crop growth rate
(CGR) and leaf area duration (LAD) of maize was influenced significantly by different
treatment combinations under study. During 60-75 DAS, the higher CGR of maize was
obtained in sole cropping which was statistically at par with maize + groundnut (1:2) and
maize + soybean (2:4) intercropping system and significantly superior to other treatments
expect leaf area duration. But for legumes, CGR and LAD were significantly higher in
sole cropping than maize + legume intercropping system. Similarly at 60-75 DAS, the
highest NAR value of maize was observed in maize + soybean (2:4) system which was
statistically at par with all other systems except maize + soybean (1:2) system of
cropping. In case of legume crop, higher NAR was observed in groundnut than soybean
under both sole and intercropping situations.
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Yield and Yield attributes

Cob weight / plant was significantly higher in case of maize +soybean (1:2) treatments
which was statistically at par in sole maize and maize +groundnut (2:4) ratio. This might
be due to less nutrient uptake, more inter-row competition among the plants in the paired
row system of maize and soybean. It is suggested that groundnut can better adjust with
maize even in the paired row system as compared to soybean. Jana and Saren (1998)
reported similar results. Pod weight/plant was not significantly affected by intercropping
treatments. The highest length of cob (22.82 cm), number of rows/cob (13) and number
of grains/cob (282) were recorded at harvest on sole maize. Bharati et al. (2007) reported
that the different intercropping systems did not have much effect on the length of maize
cob and number of grains/cob.

In groundnut based intercropping systems, the highest pod as well as nut yield
was recorded in sole cropping which differed significantly from all other system of
cropping (Table 2). This difference of groundnut pod and seed yield was also reported by
Dutta and Bandyopadhyay (2006). Pod yield of groundnut was significantly affected by
maize + groundnut intercropping systems in both the years. The pod yield differed
mainly due to the highest number of plants/m® and number of pods / plant. Razzaque et
al. (2007) also reported higher pod yield of groundnut in monoculture. The pod yield of
groundnut in intercropping situation was considerably reduced. This corroborates with
the findings of Ghosh (2002), Sarkar and Pal (2004) and Razzaque et al. (2007). The
reduction of pod yield might be due to shading effect of maize on the groundnut. Similar
trend was also obtained in case of soybean based intercropping systems. The result thus
indicated that, the pod and grain yields of both groundnut and soybean were considerably
reduced in intercropping situation and the effect was much more pronounced in the
paired row system. Maize crop produced highest grain yield in sole cropping which was
statistically at par with intercropping situations like maize + soybean (1:2) and maize +
groundnut (2:4). The lowest grain yield was observed in maize +soybean (2:4) which
may be due to higher competition faced by the crop in 2: 4 row ratio due to presence of
more number of plants per unit area. The presence of groundnut in the paired row system
probably had more synergistic effect as compared to antagonistic effect and therefore the
maize crop in association with groundnut in the paired row system reported comparable
yield. This might be due to more competition among plants due to higher plant
population which might have caused reduction in availability of growth factors for the
legume component and finally there was yield reduction. On the other hand, the sole
crop received higher availability of nutrient, moisture, light, space etc and produced
more number of pods/plant, seeds/pod and finally gave higher grain yield. This
corroborates with the findings of Pandey et al. (2003). The highest stover yield of maize
was recorded in sole cropping which was significantly greater than all intercropping
situations while lowest stover yield was recorded in maize + groundnut (2:4) system. The
highest stover yield may be the result of more vegetative growth per plant due to
presence of less plant population where the individual plant faced less inter-row
competition and had avail better nutrient uptake, moisture, space and light. Similar
results were also reported by Alom et al. (2010). In groundnut based systems, the higher
biomass yield of groundnut was observed in sole cropping which was significantly
greater than other system of cropping. Reduced biomass yield of groundnut under
different intercropping situations was due to lower plant population compared with sole
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crop of groundnut and also shading effect of maize. The trend was similar in case of
soybean based systems. Among all the treatments under study, in terms of maize
equivalent yield, maize + groundnut (2:4) gave the highest maize equivalent yield (7.06 t
ha') and recorded significantly more maize equivalent yields compared to sole maize.
These results were confirmed with the findings of Adhikari et al. (2005). Further, sole
groundnut and soybean crop gave higher maize equivalent yield than sole maize but
lower than the intercropping systems. The highest benefit cost ratio maize + groundnut
(1:2) followed by maize + soybean (1:2), maize + groundnut (2:4) and maize + soybean
(2:4) treatments.

Concentration and uptake of nitrogen

Concentrations of N in grains and straw of maize were significantly increased
due to maize + groundnut (1:2) and sole maize (Table 3), which was statistically higher
than all other treatments. Similar trend was recorded in the protein content in grains and
N content in straw. The highest N concentrations in grain and straw, and protein content
in grains were obtained in maize + soybean (1:2) and maize + groundnut (2:4) treatment.
The total N uptake by sole maize was significantly higher than all other systems of
intercropping. This may be accorded to the fact that more nitrogen became available to
the maize having more spacing, less plant population and ultimately reflected in higher
grain N content (%), higher grain yield and finally higher N uptake. The lowest nitrogen
uptake under Maize + groundnut (2:4) system may be due to higher plant population
which might have resulted in less accessibility of available N. But among intercrops, the
highest N uptake was observed in sole soybean. The results thus indicated that the sole
treatments proved superior over other intercropping systems with respect to the N uptake
in grains. The protein content in grain showed similar in sole maize and maize +
groundnut intercrops but soybean in sole and intercrops situation reveals higher protein
content.

Chlorophyll content and light interception

Data on chlorophyll content in maize leaf (Figure 1) indicated that the maximum
chlorophyll content was recorded in maize + soybean (1:2) system, but not much
difference was observed in case of intercropping situation. In legume based
intercropping systems, the highest chlorophyll a was recorded under maize + soybean
(1:2) which was statistically at par with maize + soybean (2:4) system. In case of
groundnut, the maximum value of chlorophyll a was observed on sole groundnut
treatment which was statistically at par with all other groundnut based systems (Figure
2). The estimation of chlorophyll b in maize revealed that the higher chlorophyll b was
recorded in pure stand and maize + soybean (2:4) system whereas lowest chlorophyll b
was observed in case of maize + soybean (1:2) system. This result was just reverse to
that of chlorophyll a content. In case of maize + soybean intercropping system, the
chlorophyll b content of soybean was also maximum in maize + soybean (1:2) followed
by maize + soybean (2:4) and sole cropping. Among groundnut based system, the
maximum value of chlorophyll b content of groundnut was recorded under maize +
groundnut (1:2) which was statistically at par with other groundnut based systems. The
maximum estimated value of total chlorophyll (chlorophyll a + chlorophyll b) was
observed on sole maize, which was statistically at par with all other system of cropping.
The highest amount of total chlorophyll content in maize under sole cropping might be
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due to better availability soil moisture, higher nutrient uptake etc. For soybean highest
value of total chlorophyll was recorded in maize + soybean (1:2) system which was
statistically at par with maize + soybean (2:4) system. In groundnut based systems, the
maximum value was recorded in sole cropping which was statistically at par with other
maize + groundnut based system.

In the middle canopy, highest % of light interception was observed in maize +
groundnut (2:4) (Figure 1). Jiao et al. (2008) also found maize + groundnut intercropping
enhanced the efficient utilization of strong light by maize and weak light by groundnut
resulting in yield advantages. But in the lower canopy, highest light interception was
noticed in maize + groundnut (1:2). The results indicated that due to better canopy
development and more number of leaves per unit area, the light interception was higher
in the maize based intercropping systems. The percentage of light interception in
soybean and groundnut in the middle canopy was highest in maize + legume (2:4)
intercropping system (Figure 2). This may be probably due to better canopy development
and more plant population in the paired row system. However, in the lower canopy, the
percentage light interception in legume crops was highest in maize + legume (1:2)
intercropping system. Keating and Carberry (1993) also opined that soybean and maize
intercropping make better use of solar radiation.

CONCLUSION

Sole cropping performed better than the intercropping system, but intercropping
of maize with legume is much more beneficial in terms of equivalent yield. The
intercropping of maize with soybean was more remunerative than groundnut
intercropping as well as sole crop of maize and soyabean in the kharif season under red
and lateritic soil condition of West Bengal.
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