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Abstract

A field experiment was conducted to determine the effect of planting geometry on the
productivity of some maize based intercropping systems. The experiment was conducted at the
Students Farm, Department of Agronomy, University of Agriculture, Faisalabad. The treatments
were arranged in randomized complete block design (RCBD) with factorial arrangements having
four replications. The intercropping systems used were maize alone, maize + mungbean and
maize + mashbean with three planting patterns i.e. 70 cm apart single row, 105 cm apart double
row strips (105/35) and 175 cm apart three row strips (175/35). The yield and yield related
components of maize and legumes were reduced over respective sole cropping. The maize was
dominant crop in the system which competed the sub-ordinate (legume) crops for natural growth
resources and its co-existence in legumes significantly reduced the grains production. None of the
legumes facilitated the maize for improving its yield over mono-cropping, however, the net benefit
from both the crops is major advantage of intercropping in this study. The sowing of maize and
legumes in 70 cm apart alternate single row planting proved the best planting methods for

obtaining highest grains yield from both the component crops.
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Introduction

The contribution of maize (Zea mays L.) in
world food recipe is of significant importance both
for human and animal nutrition as well. It is one of
the most important recognizable plant foods in the
world today. It is the 3" most important cereal after
wheat and rice engaged in human nutrition and 100
M ha of developing countries is under maize
cultivation (FAOSTAT, 2010) and therefore, center
of agro-policy development rounds the maize. The
kernel of common maize is highly nutritive as it
contains 71.7, 9.5, 4.3 and2.6 % starch, protein, oil
and sugar, respectively (Watson, 2003). The maize
is the crop which has multi sowing time in year and
is being successfully grown in many agro-
ecological zones of country. The recent harvests of

maize production are much below the future
demand of growing population and the vigorous
steps must be taken to accelerate the levels of
production. The intercropping is way which can
provide the yield without any
extrapolation of natural resources and also
maintains the biodiversity of the area. The
sustainability of maize production systems provides
the opportunities to feed its consumers at low
prices. The intercropping is the way to minimize
the risk of crop failure, price variability, cost of
production, incidence of diseases and pests attack
and restores the soil fertility. The intercropping of
maize with legumes provides a major advantage of
non competition of legumes with maize for nitrogen
(Adu-Gyamfi et al., 2007) and a part of nitrogen
fixed by legume is used for main and component

sustainable
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crop during joint growth period and a significant
amount is reserved in soil for succeeding crop. The
maize-legume intercropping not only improves the
yield but continuing the practice also makes a
balance between carbohydrates and protein in food.
The implementation of particular intercropping
system is dependent on location, cultural practices
and ultimate objective of farmers. The planting
methods should be based on ways which creates
favorable competition for companion and major
crops. Keeping in view the potential advantage in
term of productive and protective benefits,
intercropping of maize with legume could be
selected for enhancing the productivity of maize
based systems (Lithourgidis et al., 2006;
Dahmardehet al., 2010). A list of legumes as
intercrop candidates have been devised but the
particular arrangement of rows of both crops is an
urgent need to get the higher returns of
intercropping systems. The overlapping growth of
two crops creates intra-competition for soil and
water resources (Zhang and Li, 2003) and it is more
crucial for maintaining an optimum plant
population by manipulating the row spacing to
minimize the competition. The present study was
therefore planned to assess the productivity and
agro-economic advantages of some maize based
intercropping  systems at various planting
geometries under climatic conditions of Faisalabad.

Materials and Methods

An experiment was conducted at the Agronomic
Research Area  University of  Agriculture,
Faisalabad to study the effect of legume
intercropping and different geometrical pattern on
the growth and yield potential of maize and
productivity of intercropping systems. The soil of
experimental sites were sandy loam (53-29-18 %
sand, silt and clay, respectively), low in fertility
based on 0-15 cm soil depth. The experimental
treatments were compared in factorial based
randomized complete block design. Each treatment
was repeated four times in 39.2 m” plots (5.6x7 m).
The intercropping systems used were maize alone
(I;), mungbean alone (I,), mashbean alone (I),
maize + mungbean (I;) and maize + mashbean (Is)
with three planting patterns i.e. 70 cm apart single
row (75/35) (P;), 105 cm apart double row strips

Thai Journal of Agricultural Science

(105/35) (P,) and 175 cm apart four row strips
(175/35) (P3). The seeds of maize (cv. Baimisal-
202), mung bean (Mung-98) and mash bean (Mash-
97) were sown in rows on25" July, 2006. The
maize was sown with 37 kg ha" and for legumes
(mung and mash), 20 kg seed ha” was used. The
maize hybrid was sown on a well prepared seed
bed while the intercrops were sown in between the
rows on the same day with a single row hand drill.
The NPK fertilizers were applied @ 200:100:100
kg ha' in form of Urea (46 % N), Di-amonium
Phosphate (18 % N and 46 % P) and Sulphate of
Potash (52 % K), respectively. All the phosphorus
and potash and half of the nitrogen were mixed in
soil at land preparation and remaining half of
nitrogen were top dressed just before 2™ irrigation.
The maize was thinned to maintain plant to plant
distance 20 cm at 2-4 leaf stage. The number of
rows of intercrops was maintained in all the
intercrops. The weeds were manually controlled
after first irrigation. First irrigation was given 3
weeks after planting and the subsequent irrigations
were based on the crop symptoms in order to avoid
bad effects of excessive water on the legume
intercrops. In total, 18 acre inches water was used
during the crop growth period. The height of ten
plants from bottom to the highest leaf tip
constituted the mean plant height. The harvest
maturity was used indices of maize harvesting and
pod maturity for legumes. The harvested plants
from the plots were weighted on spring balance to
have biological yield. The total yield of the plot
was determined while bulking the grains of all the
plants from plot. The harvest index was calculated
by subtracting the grain mass from biological yield
of respective plot. The weight of sub-sample (1000
grains) was determined of each plot on digital
weight balance. The seeds from cobs and pods
were detached and their moisture contents were
adjusted to 14 % and 15 % for maize and legumes,
respectively for recording the seed weight. The oil
contents of well grind maize grains were
determined by NIR apparatus (Near-Infrared
Reflectance Method). The grains pith ratio (GPR)
was determined by formula

_ Grain weight
Pith weight

GPR
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All the data were collected according to
standard procedure and analyzed statistically using
MSTATC computer program. The significance of
treatment means was tested using least significance
difference (LSD) test at 5% probability level (Steel
etal., 1997).

Results and Discussion

The prevailing low competition in sole cropping
let the maize to achieve its maximum grains yield.
The intercrops in maize irrespective of planting
geometry reduced the maize grain yield but again,
intercropping will be more competent over
monoculture by combining the net benefits from
components crops (Table 1). The presence of
legumes in maize although reduced the maize
grains yield but the indirect and long term benefits
in form of mulching and nutrient restoration can
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appear in form improved yield crop being
cultivated on this piece of land. Over all, maize
produced 2/3™ of total grain mass by presence of
both mung and mash bean over sole cropping
(Figure 1). The results indicated that the presence
of legumes in maize did not modify the plant
height, however, their role can be brought into
consideration for regulating the yield components.
It is end result of number of contributing and
interrelated components such as plant density,
number of cobs per plant, number of rows per cob,
number of grains per row and 1000- grain weight,
an increase or decrease in any of the above factors
may influence the final crop yield. The
microclimate in intercropped system is modified in
mix cropping but more vegetation cover has a
threat over water uptake due to higher
evapotranspiration demand. This phenomenon
suppresses the beneficial effects of shade. The

Table 1 Effect of legumes intercropping system and planting geometry on quantitative and quality traits of maize

(p=0.05).
Treatment P, P, P; Mean P, P, P, Mean
Plant height (cm) No. of cobs per plant
11 212.50 ns 213.61 213.20 213.10 ns 1.26 ns 1.10 1.05 1.13a
LSD=0.008
12 213.45 215.50 213.65 214.20 1.25 1.08 1.03 1.12b
13 213.650 214.70 213.95 214.10 1.265 1.10 1.04 1.34a
Mean 213.20 ns 214.60 213.60 1.26 a 1.09b 1.04 ¢
LSD=0.008
Cob length (cm) 1000 Grains weight (g)
11 20.50 ns 20.20 19.80 20.17 ns 240.50 ns 241.70 242.00 241.40 ns
12 20.45 20.50 20.01 20.32 239.80 240.35 241.50 240.55
I3 20.85 20.90 20.00 20.58 241.40 242.20 242.60 242.07
Means 20.60 a 20.53 a 19.94 b 240.57 ns 241.42 242.03
LSD=0.463
Grain yield (kg ha™) Biological yield (kg ha™)
11 12547.36 a 12571.97 a 12507.51a 12542.28a 31368.40b 31429.93b 31268.77b 31355.70 ns
LSD=327.7 LSD=189.2 LSD=1341
12 9972.96 b 773581 ¢ 7392.84d 8367.10b 29917.97 ¢ 30946.22 34007.07a 31622.75
be
I3 9969.99 b 778621 ¢ 7276.05d 8344.08b 29687.24 ¢ 33091.38a  33469.81a 32082.81
Means 10380.01 a 9364.96b 9058.80 c 3032453 ¢ 31821.51b 3291521 a
LSD=189.2 LSD=774.3
Grains pith ratio Oil contents (% age)
11 7.50 ns 7.31 6.80 7.20 ns 5.28 ns 5.26 5.20 5.25ns
12 7.91 7.72 7.34 7.66 5.10 5.00 5.00 5.63
13 7.84 7.69 7.29 7.60 5.00 4.91 4.90 4.94
Means 7.48 ns 7.57 7.14 5.13ns 5.06 5.03

I;= maize alone, I,- maize + mungbean, I;- maize + mashbean, P,- 70 cm apart single row (75/35), P,- 105 cm apart
double row strips (105/35), P;- 175 cm apart four row strips (175/35).
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production of statistically similar grains mass from
maize in both mung and mash bean intercropped
system actually showed the equal competitive
ability of both the crops. None of the treatments
proved superior over each other for grains size,
grain to pith ratio and oil contents in maize seed.
However, the inclusion of mash and mung bean in
maize significantly increased the biological yield
mainly from straw mass. These results are
supported by the work of Khan (1992) who also
reported non-significant differences of 1000-grian
weight. The presence of mash in double row strips
in maize proved to be best planting strategy for
biomass especially when ultimate objective is green
mass like forage purpose.

The maximum grains production from maize
was observed in alternate single row planting as
double row and four rows planting strategy
promoted the inter-specific competition by
increasing proximity among companion crops. The
presence of four lines of mash and mung bean in
maize at 175 cm produced the best combination for
intercropping. However, combining the rows of
individual crop in strip form (double or four row
strips) supported the biological yield. The yield
reduction in intercropped system over sole cropping
in sorghum has also been observed by Arshad and
Ranamukhaarachchi (2012).

Seed Yield (kg ha™) of Legumes Intercrops

The performance of mung and mash bean without
intercropping was at the maximum while the
presence of maize in intercropped system resulted a
significant reduction in grains and biological yield.
This can be attributed to the faster and early
development of maize which shaded the under
growing legumes from its canopy. Hence, legumes
cannot compete the maize for light component which
depicted from reduced grains mass in the
intercropped system (Haymes and Lee, 1999). The
legumes make their best for efficient light sharing
but consequences of poor light availability had
irreversible effects on yield (Table 2). The resource
sharing by maize from component crops resulted
14.25 and 12.90 % grains reduction in mung and
mash bean respectively, over mono cropping (Figure
2). These results are in line with those of Vyas
(1995) and Ahmad and Rao (1982) who reported
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significant differences among seed yield of
intercrops. The variations in root mass distribution
and root depth are typical traits which attribute to
make the component superior competitor for
nutrients in intercropped system (Carruthers et al.,
2005; Carr et al, 2004).

Growing legumes as complimentary crops in
maize at 70 cm apart single row facilitated both the
maize and legumes intercrop for producing the
highest grains mass from both crops. Combining
the individual crop rows like double and four line
planting pattern created the sever competition and
both crops suffered from this planting strategy. The
sowing of maize in single row (70/35 cm apart)
avail similar conditions like sole cropping but its
presence deprived the legumes from radiations and
thus produced the lower grain yield by legume over
their sole cropping. From the legumes, the
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Table 2 Legumes yield as affected by intercropping and planting systems (p<0.05).
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Treatment P, P, Ps Mean
Seed yield (kg ha™)

I 232393 b 2274.68 BC 2436.58 a 2345.06 a

LSD= 89.59 LSD= 89.59
12 2358.97 ab 2199.74cd 2038.99f 2199.23 b
13 2156.48 d 1935.96 f 1940.08 f 2010.84 ¢
14 1903.63 f 1878.30 f 1964.38 f 191544 d
Mean 2185.75 a 2072.17b 2095.00 b
LSD= 89.59

Biological yield (kg ha™)

1 5819.65 a 5582.83 be 5891.19a 5764.56 a

LSD=192.5 LSD=192.50
12 5906.85 a 5398.77 ¢ 5616.62b 5640.74 a
13 473691d 4462.57 f 4704.85d 4634.77 b
14 4435.13 ¢ 4329.50 ¢ 4763.20d 4509.28 b
Means 5224.63 a 494342 b 5243.96 a
LSD=195.51

Harvest index (% age)
1 39.93 ns 40.75 40.36 40.68 b
LSD=0.6041

12 39.94 40.75 36.30 39.00 ¢
13 44.35 43.38 41.24 42.99 a
14 43.09 43.38 41.24 42.57 a
Means 41.83 a 42.06 a 40.04 b
LSD=0.5232

I;= mung bean alone, [,= mash bean alone, [;=maize + mungbean, [;= maize + mashbean, P,— 70 cm
apart single row (75/35), P,- 105 cm apart double row strips (105/35), P5- 175 cm apart four row strips

(175/35).

mung bean performed well in alone as well as
intercropped  situation and its Dbetter grains
production mass can be attributed to its better
ability to compete in prevailing conditions.

The interactive behaviour of planting pattern
and intercropping systems was significant and the
highest grains and biological yield was recorded
from mung bean when sown in 175/35 cm apart
four rows. The sowing of intercropping vide 105/35
cm apart paired rows resulted the highest harvest
index of legumes but similar to 70/135 cm single
row planting scheme.

Conclusions

It is concluded from the study that maize should
be intercropped with legumes for obtaining higher
economic return and long term benefits. The
inclusion of one row of mung bean at 70 cm apart
single row in maize is recommended under
prevailing climatic and geographic conditions.
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