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Abstract: Incessant monocropping of more nutrient consuming
maize leads to subsequent land deterioration, gradual food
productivity reductions, and challenges the sustainability of
local food production systems. Research trials were conducted
for three years (2015, 2016 and 2017) to assess the equivalent
yield (EY) of maize and relative production efficiency (RPE)
of intercropping of maize with four legumes at three different
altitudes (1500, 1800 and 2200 MASL) using randomised
complete block design (RCBD) with three blocks. In 2015,
maize was intercropped with mungbean and fababean using
three nitrogen (N) levels (28, 56, 113 kg N ha') and in 2016, with
mungbean and cowpea using two types of row arrangements
(alternate single row, alternate double row). In 2017, maize
was intercropped with mungbean and soybean with two
types of seeding times, namely, simultaneous and staggered.
Monocropping of maize and each of the legumes were also
arranged for comparison at each location. Statistical results
indicated the differences of EY and RPE among the altitudes,
N doses, row patterns and time of sowing. Values of EY and
RPE were greater at 1500 m altitude and for intercropping
(maize + legume) established with a N dose of 113 kg N ha!
with alternate single row arrangement and staggered sowing.
On the basis of RPE, intercropping of maize with mungbean is
recommended for cultivation.

Keywords: Altitude, mungbean, nitrogen, row pattern, relative
yield, simultaneous sowing, staggered sowing.

INTRODUCTION

Intensive and extensive cultivation of monocultures is
an inherent threat to agro-biodiversity, soil resources
and sustainability of agroecosystems. A monocropping
system limits the opportunities to a variety of biological
populations through restricting their access to diverse
food resources for survival in an agroecosystem.
Maize is cultivated in wider inter-row spacing to
reduce intraspecific adverse interaction and for greater
solar radiation interception by lower leaves at its peak
vegetative growth stages. It has slow growth at initial
growth stages while leaving the inter-row spacing
uncovered, exposing to evaporative losses of soil water
content, soil erosion by irrigation water flows and also
serves as a potential resource for the germination of
weeds. The establishment of legume cover at inter-row
spacing of maize during early growth stages helps protect
soil moisture loss, reduced weed germination and soil
erosion vulnerability especially on sloping surfaces in
mountainous areas. When two or more crop species are
cultivated in the vicinity, interspecific competition for
light available above and resources under soil surface
(nutrients, water) is certain. Such competition especially
during limited availability of the resources leads to lower

* Corresponding author (dr.arshad@kiu.edu.pk;

® G

E* [le)

properly cited and is not changed in anyway.

https://orcid.org/0000-0001-6016-5040)

This article is published under the Creative Commons CC-BY-ND License (http://creativecommons.org/licenses/by-nd/4.0/).
This license permits use, distribution and reproduction, commercial and non-commercial, provided that the original work is



410

average production of intercrops. In contrast, greater
variability and lower commonality of the requirements
of intercrops lead to reduced competition. Hence,
interspecific competition between maize and legume
intercropping may be reduced to a greater extent through
temporal separation of peak growth periods and spatial
difference of root zone profiles.

Intercropping cereals with legumes is an opportunity
for lowland and resource-deficit farmers to cultivate
more than one crop on the same land and during a season
to harness yield and economic benefits (Seran & Brintha,
2010). Multiple advantages associated with intercropping
cereals with legumes have been highlighted by different
scientists (Sharma et al., 2000; Zougmore et al., 2000;
Ayub et al., 2004; Arshad & Ranamukhaarachchi, 2012;
Wang et al., 2014; Zhang et al., 2015). Compared to
conventional monocropping, intercropping tall species
with short stature crops, in appropriate row arrangement
and time of sowing increase light and water use efficiency
leading to higher grain production (Amjadian et al.,
2013; Dhar ef al., 2013).

Competition  between component crops in
intercropping is likely and it is quite important to know
its nature to devise an appropriate strategy to decrease the
competition to a possible extent. Time-based separation
can be practiced as a relay or staggered sowing, where the
second crop is sown near the beginning of reproductive
stage of the former crop that can be harvested to make
room for full growth and development of the later crop
(Lithourgidis et al., 2011). In staggered sowing, a slight
overlap of growth periods of the crops is expected and
severity of competitiveness of the crops is reduced to a
greater extent (Arshad & Ranamukhaarachchi, 2012).
This staggering of sowing time of maize and legumes
overcomes the competition through creation of a
competition-free duration during early and fast growing
stages. Therefore, staggering makes it possible to have
legume in the cropping system where the adjacent cereal
receives benefits of N fixed by the well grown legume
in the vicinity. Addo-Quaye ef al. (2011) executed two
field trials to examine the suitable sequence of planting
maize with soybean in intercropping, and concluded that
maize sown simultaneously or prior to soybean yielded
significantly higher leaf area index (LAI), crop growth
rate (CGR) and net assimilation rate (NAR) compared
to monocropping of maize. In this connection, Marinus
(2014) stated that addition of short-duration cowpea
in cowpea-maize relay cropping led to increase of
overall yields and improved soil fertility compared to
monocropping of maize.

M Arshad et al.

The altitude of any location is associated with climatic
conditions and significantly influences crop growth rate
and productivity (Katsura et al., 2008). Air density and
temperature decrease while the intensity of solar light
and ultraviolet rays increase with the gradual increase of
altitude. Moreover, it influences the level and duration
of precipitation (Jing & Jichao, 2012). Carbon dioxide,
the main driver of photosynthesis is greatly influenced
by the altitude as its partial pressure in air reduces with
increasing altitude (Sakata & Yokoi, 2002; Kumar ef al.,
2005).

Since the Second World War, use of commercial
fertilisers has been tremendously increased and led
to higher yield of crops to fulfil the food needs of
increasing population in developing countries. In
particular, utilisation of N fertilisers contributed to
30 — 40 % increase in total crop production. Excessive
application of N fertiliser causes nitrate to accumulate in
soil and leaches to underground water resulting in human
health and environmental issues (Thole, 2007). Spatial
arrangement of rows in intercropping is important in
determining the growth and production of companion
crops. Row pattern is an important plant management
practice in intercropping that ensures accessibility of
intercropping crops to available resources in soil and
favourable microclimate. Seeding crops with normal row
geometries recommended for monocropping would not
be feasible for better performances under intercropping.
Hence, finding an appropriate geometrical modification
for intercropping multiple crops in the vicinity would
be essential to have better utilisation of available land
and input resources (Zhang & Li, 2003; Szumigalski &
Van Acker, 2006; Dhima et al., 2007; Carrubba et al.,
2008; Mucheru-Muna et al., 2010). Modifications in
conventional row pattern of intercrops makes it successful
and often profitable, as hostile effects on the growth and
yield of component crops are reduced to a larger extent
through alteration of row patterns (Feng et al., 2019).
The present research was executed to assess the relative
production efficiency of maize-based intercropping
systems established at multiple altitudes in mountain
ecosystems under different agronomic management
practices.

METHODOLOGY
Study area
Research experiments were conducted in the summer

season (27 June — 17 October) of years 2015, 2016 and
2017 at farmer’s fields in three districts (Gilgit, Hunza
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and Ghizer) of Gilgit-Baltistan region of Pakistan. The
experimental locations had varying climatic conditions
and elevations from mean sea level: 1500 m (135.9202°N
74.3080° E), 1800 m (36.1025° N 73.4600° E) and 2200
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m (36.3167° N 74.6500° E). Mean air temperature was
greater during summer season than winter season,
whereas, accumulated rainfall was higher in winter
season compared to summer season (Figure 1).
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Figure 1:

Treatments and experimental layout

At each experimental location, treatments were arranged
in a factorial combination using RCBD experimental
design with three blocks to minimize the effect of slope
(uncontrolled variable). During the 1% year (2015),
treatments were arranged in combination of 2 X 3
including two types of intercropping cropping systems
(maize + mungbean and maize + fababean) and three
N levels (28, 56, 113 kg N ha'). In the 2" year (2016),
the treatment combination was 2 x 2 including two
intercropping cropping systems (maize + mungbean and
maize + cowpea) and two types of row patterns [alternate
single row (ASR) and alternate double row (ADR)].
During the 3™ year (2017), treatment combination was
2 x 2 including two intercropping systems (maize +
mungbean and maize + soybean) and two types of sowing
times (simultaneous and staggered). In simultaneous
sowing, both maize and legume were sown at the same
time, whereas in staggered treatment plots, maize was
sown 15 d after sowing of legume.

At each experimental site, sole crops of maize and
legumes (mungbean, fababean, cowpea and soybean)
were also established with 3 replications for comparison.
Size of each plot was maintained as 6.0 m x 4.0 m.
Treatment plots within each replication were apart by
a 1 m vacant area and replications were separated by

Mean temperature and rainfall of study areas round the year

a vacant area of 2 m width. Plant density for maize was
maintained as 1 x 10° plants ha! while for legumes it was
2 x 10° plants ha'. The said densities were managed by
maintaining a 50 cm space between the rows of maize and
legumes, and a plant to plant distance of 20 cm for maize
with 10 cm for legumes (8 rows per plot for both crops).

Experimental management

Land was ploughed using a rotary tiller and a disc
harrow and was levelled with a plank. Recommended
varieties of maize (Azam), mungbean (NM-2000),
fababean, cowpea and soybean were sown in sole and
intercropping plots as per treatments. Maize plots were
irrigated four times during the growing season in 14-
day intervals after germination. N dose was applied
according to the treatment in splits. Dose of N was
divided into two splits: 50 % was applied as a basal while
the remainder 50 % was applied at booting stage in case
of simultaneous sowing. For staggered sowing, N was
applied in three splits (25 % at legume sowing, 25 % at
maize sowing and 50 % at booting stage of maize). For
monocropping of maize, 28 kg ha! as the recommended
dose in the area, was used that was supplied in splits (50
% as basal and 50 % at booting stage). Phosphorus used
for intercropping and monocropping plots of maize was
applied at the rate of 80 kg ha™! and all was used as basal
dose. For monocropping of legumes, N, phosphorus and
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potassium were applied at the rate of 30 kg ha™! each at
the time of sowing. Weeds were controlled manually.
Carbofuran granules (2 %) at the rate of 50 kg ha™' was
used to control potential insect pests.

Plant sampling and measurements
Samples of maize and legume plants were taken at

maturity. For this, one square meter area (I m?) was
marked in each plot ensuring the representation of the

(Weight of grains being dried — Weight of grain dried till constant weight)

M Arshad et al.

plot. Plants from the marked area were harvested at each
experimental site to obtain grain yield. The grains were
dried at 70 °C in an electric oven in the laboratory to a
moisture level of 12 % for maize and 9 % for legumes
(equation 1). The dried samples were weighed on a digital
balance and their weights were recorded for analysis.
Thereafter, yield per square meter was calculated
and grain production per hectare was computed by
multiplying the yield with 10,000 and expressed in t ha™!
(equation 2).

Moisture content, %

Yield,t ha™! = Yield,t m~2? X 10000 ..(2)

Equivalent yield and relative production efficiency
computation

The equivalent yield (EY) and relative production
efficiency (RPE) were computed using yields of
component crops in intercropping and monocropping as
per equation 3 and equation 4, respectively.

EYintercropped maize = Intercropped maize yield,t ha™*

+ Intercropped legume yield, t ha™!

03

RPE = (Eyintercropped maize~EYsole maize ) x 100 (4)

EYsole maize

where, EY: equivalent yield (t ha'), RPE: relative
production efficiency (%).

Statistical analysis

For statistical analysis of recorded data the GLM
procedure of SAS Program (Version 2.0) was used
for data of each year separately as different treatments
were followed in different years. Three-way analysis of
variance (ANOVA) test was conducted to find the level
of significance of factors (altitude, cropping system, N
dose, row pattern, time of sowing) and their interaction
on recorded parameters. For means having significant
effect, Fisher’s protected least significant difference
(LSD) test was used to determine the level of difference
(De Smith, 2015). Results showing significant difference
of means of grain yield of maize and legumes, and for

Weight of grain dried till constant weight

x 100 (1)

EY and RPE of cropping systems were presented in the
form of graphs.

RESULTS AND DISCUSSION
Yield performance of maize

Grain yield of maize significantly varied among the
cropping systems of sole and intercropping in years 2015
and 2016. In year 2015, the grain yield of monocropped
maize was in par with that of the maize intercropped
with mungbean but significantly greater compared to
the yield, where maize was intercropped with fababean
(Figure 2a). In year 2016, yield of maize did not vary
significantly among the cropping systems tested
(Figure 2b). However, in year 2017, the grain yield of
monocropped maize was significantly greater compared
to both intercropping systems (Figure 2c). Notable
influence of intercropped legumes on maize grain yield
was also indicated in previous studies (Oroka, 2010;
Khan et al., 2012; Arshad & Ranamukhaarachchi, 2012)
where the yield of main crop reduced due to intercrop
legumes, caused by increased competition between the
intercrops for nutrient and water.

The grain yield of maize significantly varied at
different altitudes during all three years. The highest
grain yield was observed at the lowest altitude of 1500
m compared to higher elevations of 1800 and 2200 m
(Figure 2d, 2e, 2f). Varied responses of maize grain yield
to different elevations were also noted by Ekasingh et al.
(2004) and Xue-jun et al. (2013). Different elevations
are accompanied with diverse environmental conditions
including air temperature, humidity and concentration
of CO, (Jing & Jichao, 2012). Intercropped maize
grown in year 2015 under the N levels of 28, 56 and

December 2020
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113 kg ha' exhibited significantly different grain yields.
It was greater with the N dose of 113 kg ha! compared
to lower doses of N (Figure 2g). The increase of maize
grain yield by N is in agreement with studies of Arif et al.
(2012), Saleem et al. (2011) and Khogali ef al. (2011)
where growth and yield of different crops increased with
increasing level of N fertilisers.

Maize was intercropped with legumes using alternate
single row and alternate double row patterns in year 2016 at
three different altitudes. Maize intercropped with legumes
in alternate single row pattern produced significantly

413

higher grain yield compared to alternate double row
pattern (Figure 2h). Row patterns or row arrangements
in intercropping has a special significance with respect to
efficient utilisation of above- and below-ground resources.
Row arrangement of different crops determines the extent
of shading and photosynthetically active radiation (PAR)
intercepted by the plants. In alternate single row pattern,
yield performance remained lower owing to shading
effect and underground nutrient and water competition
due to greater adjacency of maize plants. Similar results
were reported by Arshad and Ranamukhaarachchi (2012)
for sweet sorghum-legume intercropping.

(a) 2015 (b) 2016 () 2017
20 , LSDggs=0.68, CV=12.53% 20 4 20 ; LSDggs=1.11,CV=1236%
a a
3 16 - % 16 1 8 3 16 - 8
= 512 - ] b
i° i i
5 a a 8 L
! 8 - b g g 8
g 4 A ’ﬂ ’_I_‘ ’{_‘ 4 A 4 A
0 0 [)]
Maize + Maize + Maize Maize + Maize + Maize Maize + Maize + Maize
Mungbean  Fababean Mungbean Cowpea Mungbean Soybean
(d) 2015 (e 2016 () 2017
2 - LSDg s = 1.3, CV =26.9% 20 - LSDy o5 =1.35,CV =17.4% 20 . LSDggs=1.19,CV=14.7%
a
- 16 - 16 . 161 a
g a b E b 3 ? (4
ilZ R §12 R c i 12 4
i N i
0 T T 0 T T | 0
1500 1800 2200 1500 1800 2200 1500 1800 2200
Elevation, m Elevation, m Elevation, m
(® 2015 (h) 2016 (M) 2017
20 - LSDg o5 =1.3,CV =26.9% 2 - LSDg 05 =1.10,CV=17.4% 20 - LSDy o5 =0.97,CV =14.7%
a
%16 7 16 < 16 1 e
X . 3 [ b ¥ b I
§12 1 b i 12 4 I i 12 4 I
g 8 © g 8 l g 8 l
4 T " 1 oo
0 : : . 0 T : .
28 56 113 Alternate Single Row Alternate Double Row Simultaneous Staggered
Nitrogen dose, kg ha'! Row pattern Sowing Time

Figure 2:

Grain yield of maize influenced by cropping system in year 2015 (a); 2016 (b); 2017 (c¢); and by altitude in year 2015 (d);

2016 (e); 2017 (f); by dose of nitrogen in year 2015 (g); by row pattern in year 2016 (h) and by time of sowing in year 2017 (i)
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Figure 3:  Grain yield of mungbean influenced by cropping system in year 2016 (a); by altitude in year 2015 (b); 2016 (c); 2017 (d); by
row pattern in year 2016 (e); grain yield of fababean influenced due to interaction effect of altitude and dose of nitrogen in
year 2015 (f).
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During year 2017, maize was intercropped with legumes
using two different timings (simultaneous and staggered)
at three different altitudes. Maize intercropped with
legumes fifteen days after legume seeding (staggered
sowing) produced significantly higher grain yield
compared to simultaneous intercropping (Figure 2i).
Compared to simultaneous intercropping of maize
with legumes, staggered intercropping improved the
yield performance of both component crops. This
overall augmentation of growth and yield in staggered
intercropping could be attributed to the complementarity
of component crops and the conducive environment
provided by different time of sowing (Sharma et al., 2000;
Thippeswamy & Alagundagi, 2001) and availability of
adequate quantity of nutrients, especially N, in staggered
sowing (Issahaku, 2010).

Mungbean yield

Mungbean was grown as sole and intercropped with
maize for three years at three different altitudes.

415

Different management practices were used for
intercropping systems each year. In year 2016, grain
yield of mungbean varied significantly between sole and
intercropping stands and was greater in sole cropping
compared to intercropping (Figure 3a). The grain yield
of mungbean did not vary significantly during the years
of 2015 and 2017. Decreased grain yield of intercropped
mungbean was also observed by others (Oroka 2010;
Arshad & Ranamukhaarachchi, 2012; Khan et al.,
2012). A significant effect of altitude on grain yield of
mungbean was observed during all three years. It was
significantly greater at 1500 m compared to 1800 m and
2200 m altitudes during the years (Figure 3b, 3c and
3d). Reductions in grain yield of different crops due
to intercropping were reported by Smith and Donahue
(1991), Terashima et al. (1995) and Sakata and Yokoi
(2002).

The yield of mungbean intercropped with maize
experienced no differences although the levels of N
applied and time of sowing varied. However, mungbean
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Figure 4:

Grain yield of cowpea influenced by cropping system in year 2016 (a); by altitude in year 2016 (b); by row pattern in

year 2016 (c); grain yield of soybean influenced by cropping system in year 2017 (d); and due to interaction effect of altitude

and time of sowing in year 2017 (e)
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established in alternate double row arrangement yielded
significantly greater compared to alternate single row
pattern (Figure 3e). The growth and yield of mungbean
was optimal in alternate double row arrangement where
PAR interception was greater due to wider gap above,
and also lower underground resource competition by
adequate distance from maize plants. Reduction of
legume yield in alternate single row pattern was also
reported by Arshad and Ranamukhaarachchi (2012).

Fababean yield
Grain yield of fababean grown in year 2015 was

significantly influenced by the interaction effect of
altitude and N dose. The yield increased with decreasing

M Arshad et al.

altitude and increased with increasing dose of N (Figure
3f). Yield advantage in crops at lower altitudes was also
reported by Terashima et al. (1995) and Sakata and Yokoi
(2002). Lower temperature of high altitudes discourages
the growth and productivity of crops especially in C,
plants like legumes.

Cowpea yield

Cowpea was grown as sole and intercrop with maize in
year 2016 at three different altitudes. It was significantly
influenced by the cropping system, altitude and row
pattern. The grain yield was significantly reduced by
intercropping compared to its monocropping (Figure 4a).
These yield reductions by intercropping are in agreement
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Figure 5: Equivalent yield of maize influenced due to cropping system in year 2015 (a); 2016 (b); 2017 (c); due to altitude in year
2015 (d); 2016 (e); 2017 (f); due to nitrogen dose in year 2015 (g); planting pattern in year 2016 (h); and time of sowing in
year 2017 (i)
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with the observations of Onuh et al. (2011). The grain
yield was significantly higher at 1500 m compared
to 1800 m and 2200 m altitudes (Figure 4b). Cowpea
intercropped with maize using alternate double row
pattern produced significantly higher yield compared
to alternate single row pattern (Figure 4c). Similar
performance of different legumes was also noted by
Arshad and Ranamukhaarachchi (2012).

Soybean yield

Soybean was cultivated as sole and intercrop with maize
in year 2017 at three different altitudes. Intercropping
systems were established with different time of sowing
(simultaneous and staggered). Grain yield of soybean
significantly varied owing to cropping system and
interaction effect of altitude and time of sowing. A
significant decrease in grain yield of soybean was noted
in intercropping compared to monocropping (Figure
4d). Reduction of yield in sole cropping of different
legumes was also reported by Dhar et al. (2013). Grain
yield of soybean was significantly reduced as altitude
increases, and soybean intercropped fifteen days prior to
maize (staggered) gained significantly higher grain yield
compared to its simultaneous sowing with maize (Figure
4¢). Terashima et al. (1995) reported the altitude effect
on yield of plants and Addo-Quaye et al. (2011) observed
temporal and spatial variation of yield in intercropping
systems.

Maize equivalent yield

Equivalent yield (EY) is the sum of grain yields of both
maize and legumes grown together in intercropping.

417

Average EY was analysed separately for each year and
was compared among the cropping systems, altitudes
and management practices. The EY significantly varied
among the cropping systems for all three years. It was
significantly greater in the case of intercropping systems
compared to monocropping of maize for all three years
(Figure 5a, 5b and 5c¢). However, within intercropping
systems, significant variation of EY was noted in year
2015 between intercropping of maize with mungbean and
maize with fababean (Figure 5a). Greater contribution
of the legume partner in addition to better performance
of maize in intercropping yielded higher EY for maize
+ mungbean, maize + cowpea and maize + soybean
cropping systems.

The EY was significantly higher at the lowest altitude
of 1500 m compared to 1800 m, and at 1800 m compared
to 2200 m (Figure 5d, Se and 5f) during all three years.
Favourable growing conditions at lower altitudes
encouraged the yield performance of both maize and
legumes resulting in higher EY at lower altitudes (He et al.
2013; Horuz et al., 2014). The EY varied significantly
at different N levels and was the highest at 113 kg ha’!,
and significantly reduced at N dose of 56 and 28 kg ha'!
in year 2015 (Figure 5g). The N level of 113 kg ha’!
boosted the yield performance of maize and finally
contributed to greater EY. Alternate single row pattern
intercropping of maize and legumes produced greater EY
compared to alternate double row pattern in year 2016
(Figure Sh). Similarly, EY was higher where staggered
sowing was followed compared to simultaneous sowing
in year 2017 (Figure 4i). Alternate single row pattern and
staggered sowing mediated the interspecific competition
between maize and legume as also reported by Arshad
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Figure 6: Relative production efficiency of intercropping influenced by nitrogen dose in year 2015 (a); planting pattern in year 2016 (b); and

time of sowing in year 2017 (c).
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and Ranamukhaarachchi (2012) for sorghum and legume
intercropping.

Intercropping relative production efficiency

Relative production efficiency (RPE) was computed
from equivalent yield after subtracting and dividing
by monocropping yield. The RPE shows percentage
advantage of intercropping over monocropping. It was
computed for each year separately and for the three
altitudes. Within intercropping systems, the value of RPE
significantly varied by N dose, row pattern, and time of
sowing. The RPE significantly increased with increasing
dose of N and it was the highest at 113 kg ha™! (Figure 6a).
The grain yield of maize was increased with increasing
level of N dose, which contributed towards greater RPE.
Alternate single row pattern gained significantly higher
RPE compared to alternate double row arrangement
(Figure 6b). Maize rows were more spacious in case of
alternate single row pattern resulting in less intraspecific
competition and contributing towards greater RPE.
Value of RPE increased for intercropping established
with staggered sowing compared to simultaneously
grown maize and legumes (Figure 6¢). Yield variability
of cropping systems was also reported by Grover et al.
(2009). Similarly, Benites et al. (1993) observed greater
RPE values for cereal-legume intercropping systems.

CONCLUSIONS

This research explored the advantages of intercropping
maize with legumes over sole cropping of maize with
respect to relative production efficiency. In mountainous
areas, lower elevation provides more conducive
conditions for greater grain production of both maize
and legumes. It was also revealed that in between the
rows of maize, rows of legume can be grown as intercrop
to increase diversity and relative production efficiency.
Moreover, application of N fertiliser to maize in split
doses and its intercropping with legumes in staggered
sowing enhanced grain productivity, associated relative
yield and relative production efficiency of intercropping.
Overall, plant diversity was improved by increasing
the number of crops through inclusion of legumes
in traditional sole cropping of maize that ascertains
sustainability of the cropping system for futuristic food
security.
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