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Abstract
Sweet sorghum is a drought-tolerant cereal widely grown as pure stand in water-scarce areas. In
the context of ongoing climate change, some agronomic adjustments are required for sustainable food
production. Intercropping sweet sorghum with mungbean and soybean was assessed under three N
levels (30, 60, 120 kg ha-1) and two types of air quality environments (charcoal filtered air and ambient
air). Grain yield of sweet sorghum was significantly (P≤0.001) reduced in intercropping with mungbean
(4.5 t ha-1), but remained on par (P>0.05) between sole cropping (5.1 t ha-1) and intercropping
with soybean (5.1 t ha-1). Nitrogen application at 60 kg ha-1 optimized the grain yield, LER (1.8-1.9)
and nutritional outputs of carbohydrate, protein, fat, and energy in intercropping (4.7 t, 1.0 t, 0.2 t, and
102.5 MJ ha-1, respectively) compared to that in sole cropping of sweet sorghum (3.6 t, 0.5 t, 0.1 t, and
74.6 MJ ha-1, respectively). Charcoal-filtered air with reduced air pollutants of O3, NO2 and SO2
significantly (P≤0.05) improved the growth and seed yield of intercropped mungbean (2.1 tha-1) and
soybean (1.8 tha-1), and overall land productivity compared to ambient air (1.7 and 1.2 t ha-1, respectively).
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Introduction
Intercropping is widely practiced to sustain food
production in resource-poor rural farming to ensure
food security. Many environmental issues,i.e., water
scarcity, air and water pollution, over-fertilization, high
nitrous emissions, leaching and ongoing climate change,
affect food production systems and reducing crop
yields and food availability. Sole cropping threatens the
income security and nutritional diversity in rural areas
due to adverse effects of climate change associated with
unexpected pest and disease outbreaks. Intercropping
provides alternatives and multiple advantages with
increasing efficiencies of land use [1], solar radiation
[2], irrigation water [3], and nitrogen [4]. Cereals
combined with legumes in intercropping increases
total productivity per unit area and improves quality of
output [5, 6].
Sorghum is grown worldwide as a multipurpose
crop [7]. It can tolerate adverse climatic conditions like
drought [8] and temperature fluctuations [9, 10] and can
grow on marginal soils [11, 12]. The crop is capable
of overcoming adverse climatic conditions through
flexible growth patterns and sustains grain and biomass
production levels [13]. However, in intercropping, the
type of legume and nitrogen management influence
its growth and yield [14]. Although adverse effects of
ambient air have been reported on the crop [15], it was
also categorized as a somewhat resistant plant to most
of the air pollutants [16]. Balanced use of fertilizer
helps improve grain yield and maintains its nutritive
value in intercropping in order to meet increased land
productivity targets [17].
Nitrogen management in cropping systems has
significance for optimizing production cost and reducing

the contribution to air pollution. Under-fertilization
reduces food production while over-fertilization leads
to environmental problems like air pollution [18].
Augmenting air pollution [19], increased use of nitrogen
for crop production [20] and enhanced demands for
energy detrimentally influence growth and yield of
crops [21] and food quality deterioration [22]. Air
pollutants that have direct influence on plants include O3,
NO2 and SO2, which cause visible and invisible damage
at higher concentrations [23]. The threshold levels of O3,
NO2 and SO2 usually considered for vegetation are 40,
53 and 500 ppb, respectively, for individual influence,
but the synergistic effect of air pollutants also has been
reported [24].
Productivity of intercropping compared to sole
cropping with emphasis on grain production has
been widely reported. However, the potential and
feasibility of sweet sorghum with ability of stress
tolerance in intercropping has not been reported.
Furthermore, mungbean and soybean as a companion
of sweet sorghum in intercropping under the scenario
of changing N levels and air quality also have not been
addressed. The aim of this research work was to record
observations and compare growth and yield performance
of sweet sorghum and selected legumes grown under
sole and intercropping systems with various agronomic
practices and air quality management.

Material and Methods
Study site
A research experiment was conducted at the field
research farm of agricultural systems and engineering
field of study in the Asian Institute of Technology,
Pathumthani, Thailand during a dry period of 2012.

Fig. 1. Daily rainfall, temperature and solar radiation from January to May of 2012, and concentrations of ozone (O3), nitrogen dioxide
(NO2) and sulfur dioxide (SO2) in ambient and filtered air at 2, 4, 6, 8, 10, and 12 weeks after seeding.
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Fig. 1 shows that most of the days during the experiment
were dry and temperature ranges around 24-27ºC
in January, 25-29ºC in February, 25-30ºC in March,
26-31ºC in April, and heavily fluctuated between
24-31ºC in May. Accumulated solar radiation was 1,223.0,
1,297.0, 1,236.3, 1,614.8, and 1,350.7 KWm-2 during
January, February, March, April, and May, respectively.
These conditions have been recognized for promoting
air pollutants such as O3, NO2 and SO2, and hence affect
crop growth.

Experiment Design and Layout
The land was previously under fallow and occupied
by grasses. Twelve factorial combinations composed
of two intercropping patterns (viz. sweet sorghum and
mungbean or soybean), three N doses (viz. 30, 60,
120 kg ha-1) and two air quality levels [viz. charcoal
filtered air and unfiltered (ambient) air], and three sole
crops of sweet sorghum, mungbean and soybean in a
completely randomized design tested together with three
replications. Recommended varieties of sweet sorghum
(KKU-40), mungbean (Chinat-72 – determinate type)
and soybean (Nakhorn Swan-1 – indeterminate type) for
Thailand were used for this study. Land was prepared
using a disc harrow and a rotary tiller and a plank,
and plots were prepared as raised beds. Plot size was
4 × 6 m while 1.5 m space was maintained between
the plots. All crops were seeded simultaneously on
2 January 2012. Crop rows were oriented east-west. Sole
crops of sweet sorghum, mungbean and soybean were
seeded in 45 cm rows and with intra row spacing of
15, 10 and 20 cm, respectively. In intercropping, sweet
sorghum was seeded at 45 cm and the legume in the
middle of two sweet sorghum rows. The plant densities
of sweet sorghum (148,148 plants ha-1), mungbean
(222,222 plants ha-1) and soybean (111,111 plants ha-1)
were maintained the same in both intercropping and
sole crops.

Experimental Management
The corresponding intercropping plots were
provided with three rates of N as 30, 60 and 120 kg ha-1
as per treatment. Sole cropped sweet sorghum was given
60 kg N, 20 kg P and 20 kg K ha-1 and total P and K
were applied at sowing. The dose of N was divided into
two splits and 50% applied at sowing and the remainder
at booting stage for sole crop of sweet sorghum. For
both sole crops of mungbean and soybean, N and P were
applied at the rate of 30 and 20 kg ha-1, respectively, at
seeding. Eighteen open top chambers with 2-m diameter
and 2-m height were built in randomly selected plots
using bamboo, iron rods and thin plastic sheets for
filtered air supply. Two improvised carbon filters were
connected to each chamber using thick-walled plastic
tubes with a uniform length in order to maintain even
distribution of filtered air among chambers. The air
was filtered using ground charcoal, for which filters
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were improvised using a 60 cm long pvc pipe and
locally available ground charcoal. The filtered air
was continuously supplied from 9.00 am to 4.00 pm
throughout the study period with an air pump (PUMA,
model: XM-2525) having output of 200 Lmin-1 (3 hp,
10 kg per psi) in order to remove air pollutants (O3, NO2
and SO2) from chambers.

Sampling and Measurements
Air sampling was adopted from 9.00 a.m. to noon
and from 1.00 to 4.00 p.m. commencing from two weeks
after seeding and continued fortnightly until 12 weeks.
Sampling units were prepared using four 100 mL plastic
bottles, a small air pump (BOYU, model: SC-3500) with
output of 2.5 L min-1 (0.012 MPa) and plastic tubing.
A separate power line was set up for every plot with a
single switch to control time duration of air sampling
uniform. The plastic bottles contained the specific
absorbent solutions as per pollutant expected (i.e., O3,
NO2 and SO2 analysis) together with control (distilled
water). Following the absorption, solutions were
transferred to a laboratory and stored in a refrigerator at
0oC. Respective solutions were used for analysis of O3,
NO2 and SO2 as per methods described by Michel and
Seidling [25] for ozone and EPA [26] for sulfur dioxide
and nitrogen dioxide.
Both sweet sorghum and legume plants were
sampled for growth and yield-related observations. For
leaf area estimation, five consecutive plants each from
sweet sorghum and legume were randomly selected
from a row and harvested at flowering stage of each
crop in both sole and intercropping. In the case of
sweet sorghum, the length and width of each leaf
were measured for every sampled plant and recorded.
The leaf area was calculated following the method
described by Weiss et al. [27]. In the case of legumes,
leaf area was estimated using the disc method as
illustrated by Garnier et al. [28]. Finally, leaf area was
divided by land area subtending the plants to obtain
leaf area index. Plant height of sweet sorghum and
legumes was measured from plants removed from 2-m
length rows at physiological maturity of each crop after
leaving a border area from either end. Plant height was
recorded from the ground level up to the uppermost
point of the plant. Plant biomass and grains/seeds of
sweet sorghum and legumes were separated and weights
were recorded after drying the plant parts at 80ºC in
an oven until a constant weight was reached. Grain
moisture content was determined on dry weight basis
and was finally converted to moisture content at 16%
for sweet sorghum and 10% for both mungbean and
soybean.
The land equivalent ratio (LER) was computed
following the method described by Morales-Rosales
and Franco-Mora [29]. The total carbohydrates,
protein, fat, and energy outputs resulted from sweet
sorghum, mungbean and soybean in intercropping
and sole cropping were calculated using published
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information and at moisture contents in grains/seeds
of sweet sorghum, mungbean and soybean of 12.0, 9.0
and 9.5 %, respectively. The carbohydrates contents
in corresponding crops were 70.7, 62.6 and 30.2 g,
respectively, protein contents 10.4, 23.9 and 36.5
g, respectively, and fat contents 3.1, 1.2 and 19.9 g,
respectively, per 100 g seeds [30]. The digestible energy
contents in carbohydrate, protein and fat were 17, 16 and
37 kJ g-1 (or 4, 4, 9 kcal g-1) of dry weight, respectively
[31]. Total energy output of sole crop of sweet sorghum
and intercropping system was also calculated, taking
into consideration the total outputs of carbohydrate,
protein and fat.
Orthogonal contrast procedure was adopted
to compare the performance of crops in sole and
intercropping stands [32]. The analysis of variance was
performed for normal data to determine the treatment
effects [33] and Fisher’s protected least significant
difference (LSD) procedure to compare the significance
of means and their interactions [34].

significantly (P≤0.001) reduced in intercropping with
mungbean (2.3 m), but remained at par (P>0.05) when
intercropped with soybean (2.6 m) compared to the sole
crop (2.5 m).

Growth Performance
There was a significant interaction between the type
of legume and N dose on plant height in intercropping
(P≤0.05, Fig. 2a). Plant height of sweet sorghum was
greater with soybean (2.6-2.7 m) than mungbean
(2.0-2.4 m) and the sole crop (2.5 m) at all doses of N.
With mungbean, plant height increased with increasing
N dose, but the resultant height was not on par with that
of its sole crop at any N dose.
There was a reduction in plant height of intercropped
legumes compared to sole cropping, which accounted
for about 0.37 m for mungbean and 0.46 m in case of
soybean compared to the respective sole crops. There
was a significant interaction between N dose and air
quality (P≤0.001) for the plant height of intercropped
mungbean and soybean (Fig. 2d & g). In mungbean,
plants were taller with filtered air than with ambient
air receiving N levels of 30 and 60 kg ha-1, but the
difference was not significant (P>0.05) between the two
N levels. In soybean, filtered air at 30 kg ha-1 N had
significantly (P≤0.05) greater plant height compared to
the rest. However, filtered air together with either 30
or 60 kg ha-1 of N produced the highest plant height of
intercropped mungbean (1.2 m), and it was almost at
par with its sole crop. But none of the combination of

Results
Concentrations of ozone (O3), nitrogen dioxide
(NO2) and sulfur dioxide (SO2) in ambient air (outside
the chambers) were very high and significantly low in
chambers due to filtration adopted during circulation
at all sampling stages (Table 1). There was a slight
reduction in all the gases in the research plots, and the
chambers over time. In sweet sorghum, plant height was

Table 1. Concentrations of ozone (O3), nitrogen dioxide (NO2) and sulfur dioxide (SO2) at different growth stages.
Air Quality

2-WAS/1

4-WAS

Filtered

6-WAS

8-WAS

10-WAS

12-WAS

O3
15.1±1.5

b

14.4±3.9

12.8±2.6b

11.1±2.1b

16.7±3.3b

14.5±2.9b

Ambient

57.4±6.4a

62.6±2.1a

55.4±5.1a

49.8±7.8a

52.7±9.9a

44.6±3.9a

LSD (P = 0.05)

3.5

2.4

3.1

4.9

5.6

2.5

CV, %

14.0

9.0

13.2

23.4

23.3

12.5

b 2/

NO2
Filtered

15.1±05.7b

16.7±04.5b

12.1±04.9b

14.5±03.5b

14.3±06.5b

15.6±09.5b

Ambient

48.4±17.2a

49.5±13.5a

47.4±13.5a

45.8±14.3a

45.2±19.5a

40.7±13.0a

LSD (P = 0.05)

9.8

7.6

7.8

7.8

10.7

8.1

CV, %

44.7

33.3

38.0

37.4

52.4

42.0

SO2
Filtered

03.9±1.0b

04.8±1.0b

02.9±0.9b

02.4±0.9b

02.5±0.3b

03.0±0.5b

Ambient

18.8±6.3a

17.6±5.3a

11.7±3.8a

10.5±2.4a

12.0±6.5a

14.9±4.5a

LSD (P = 0.05)

3.3

2.7

2.0

1.3

3.5

2.4

CV, %

42.7

35.6

38.9

28.6

69.7

39.6

1/ WAS_ weeks after sowing
2/ different alphabets on means of same parameter indicates significant difference and vice versa.
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N dose and air quality behaved in the same manner in
soybean.
Leaf area index (LAI) of sweet sorghum was the
highest in its sole crop (6.6) compared to intercropping,
which ranged from 5.9 with mungbean to 6.5 with
soybean. The reduction in LAI in intercropping
was significant (P≤0.001) where inter cropped with
mungbean. Where inter cropped with soybean, LAI of
sweet sorghum was not significantly (P>0.05) reduced.
Among the three factors, the type of intercrop and
N dose had a significant (P≤0.05) interaction on LAI
(Fig. 2b), and results showed that increasing the N
dose from 30 to 60 kg ha-1 increased the LAI of sweet
sorghum significantly with no further significant
increase at 120 kg ha-1. The LAI of sweet sorghum
intercropped with mungbean significantly increased
with increasing N dose from 30 (5.1) to 60 kg ha-1
(6.2) and the increase was even greater than in sweet
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sorghum intercropped with soybean at the same doses
of N. But sweet sorghum intercropped with soybean and
receiving 60 kg ha-1 of N produced the highest LAI (6.6)
and was on par with the sole crop.The LAI of mungbean
was decreased significantly in intercropping (3.3)
compared to sole cropping (4.3). However, in soybean
the LAI increased in intercropping (4.3) compared to
the sole crop (3.8). There was a significant (P≤0.05)
interaction between N dose and air quality for the LAI
of intercropped legumes. The highest LAI of mungbean
was in the filtered air combined with 30 kg ha-1 of N
(4.2) and insignificantly decreased with increasing N
dose up to 60 kg ha-1 (1.0, Fig 2e and h). The lowest LAI
of 1.2 was at 120 kg ha-1 and unfiltered air combination.
In soybean, LAI in filtered air at all doses of N was
greater than its sole crop. Similar to mungbean, LAI
of soybean was also the highest in the filtered air and
30 kg ha-1 N (5.0) combination, and gradually decreased

Fig. 2. The effect of two-way interactions: between type of legume and N dose on plant height a), LAI b) and grain yield c) of sweet
sorghum and between N dose and air quality on plant height d and g), LAI e and h) and seed yield f and i) of mungbean and soybean
(performance of respective parameters in corresponding sole crops is shown by horizontal line).
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with increasing N up to 120 kg ha-1 (2.8).

Yield Performance
Grain yield of sweet sorghum intercropped with
soybean (5.2 t ha-1) was on par with its sole crop
(5.1 t ha-1), but was significantly (P≤0.001) greater than
with mungbean (4.5 t ha-1). Furthermore, the yield of
sweet sorghum was significantly (P≤0.05) influenced
by the interaction between the type of legume and
N dose. The yield was greater at all three N levels
when sweet sorghum was intercropped with soybean
(4.8-5.5 t ha-1) than with mungbean (4.3-4.7 t ha-1,
Fig 2c). In the presence of intercropped soybean, grain
yield of sweet sorghum increased significantly with
increasing N from 30 to 120 kg ha-1, and also from 60
to 120 kg ha-1, while these yields were even greater than
sole crop. On the other hand, grain yield was lower with
mungbean than soybean as well as its sole crop than the
sweet sorghum and soybean pattern.
Seed yield of legumes was significantly (P≤0.05)
decreased in intercropping (1.9 and 1.5 kg ha-1) compared
to sole cropping (2.3 and 2.3 t ha-1) of mungbean and
soybean, respectively. There was a significant interaction
between N dose and air quality for seed yield of legumes
in intercropping. Under filtered air, intercropped
mungbean gave significantly greater yield than ambient
air, but the difference remained insignificant within all
three N rates (Fig. 2f and i). Seed yield of mungbean
decreased significantly (P≤0.05) with increasing N
level beyond 60 kg ha-1. Intercropped soybean behaved
similar to mungbean, but the seed yield was very much
reduced under ambient air, and was below 1.0 t ha-1 at
120 kg ha-1 N. The plants exposed to ambient air showed
a yield increase with increasing N from 30 to 60 kg ha-1,
but decreased beyond 60 kg ha-1.

Fig. 3. Effect of three-way interaction among type of legumes,
N dose and air quality on total protein output of intercropping
(horizontal line shows protein output of sole cropped sweet
sorghum).

sorghum-mungbean intercropping, and at N dose of
60 kg ha-1 than 30 and 120 kg ha-1 and in filtered
air than ambient air. There was a significant (P≤0.01)
three-way interaction among the type of legume, N dose
and air quality for the output of protein in intercropping
(Fig. 3). The highest output of protein (1.08 t ha-1) was
in sweet sorghum-soybean intercropping receiving
60 kg ha-1 of N and exposed to filtered air. Furthermore,
in the same intercropping systems, 30 kg ha-1 N
combined with filtered air also gave the second
highest output of protein (1.05 t ha-1), which was nonsignificantly (P>0.05) different from the highest value.
On the other hand, filtered air always showed higher
protein than unfiltered air, and 120 kg N ha-1 had the
lowest value compared to the remaining N dosages.

Land Equivalent Ratio

Discussion

Land equivalent ratio (LER) of intercrops was
significantly influenced by N dose and air quality but
not by the type of legumes. Within legumes, LER was
greater at 60 kg ha-1 of N and in filtered air (1.9), and
both values were lower in soybean (Table 2). All the
intercropping treatments had LER above 1.0, indicating
yield advantages of intercropping over sole cropping.

Globally, sweet sorghum is grown for multiple
purposes such as a food, feed, and fiber [35]. It can
tolerate adverse conditions such as water [11, 12],
nutrients [36] and other stresses [37]. Due to inherent
abilities, sweet sorghum is preferred to many other
crops in stress-prone ecosystems [38]. Being a cereal
with slow initial growth, there is an enormous potential
for enhancing food production of land devoted to sweet
sorghum with intercropping using early maturing crops
like legumes [39]. This study explored the potential of
intercropping with legumes – especially soybean and
mungbean due to their importance as food and industrial
crops, and hence nitrogen and air quality management
were examined in the current study. Modifications of
agronomic practices were considered to promote crop
yields per unit of land area.
Average growth and yield parameters including LAI,
plant height and grain yield in sweet sorghum were
significantly reduced when intercropped compared to
its sole crop, and the reductions recorded were 10.3,

Nutritional Performance
Outputs of carbohydrate, protein, fat, and energy
in sole crop of sweet sorghum were 3.6, 0.5, and
0.16 t, and 74.6 MJ ha-1 and were significantly (p≤0.001)
increased in intercropping, except for the fat in sweet
sorghum-mungbean intercropping (P>0.05). Within
intercropping, the type of legume, N dose and air quality
had a significant effect on outputs of carbohydrate,
fat and digestible energy (Table 3). Outputs of these
parameters were significantly (P≤0.05) higher in sweet
sorghum-soybean intercropping compared to sweet
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Table 2. Land equivalent ratio (LER) of sweet sorghum + mungbean and sweet sorghum + soybean intercropping systems.
Treatment

Sweet sorghum
grain yield, t ha-1

Mungbean
seed yield, t ha-1

LER

Soybean
seed yield, t ha-1

LER

Sole crop

5.1±0.4

2.3±0.5

1.0

2.3±0.2

1.0

Mungbean + Sweet sorghum

4.5±0.1b 1/

1.9±0.2

1.8

-

-

Soybean + Sweet sorghum

5.2±0.1a

-2/

-

1.5±0.2

1.7

LSD (P = 0.05)

0.1

-

-

Intercropping
Type of intercrop

N dose, kg ha

-1

30

4.5±0.1a

2.1±0.1a

1.8

1.8±0.2b

1.7

60

5.0±0.2c

2.1±0.2a

1.9

1.9±0.3a

1.8

120

5.1±0.1b

1.6±0.2b

1.7

0.8±0.1c

1.4

LSD (P = 0.05)

0.1

0.2

-

0.3

-

Type of air
Filtered

4.9±0.1a

2.1±0.1a

1.9

1.8±0.3a

1.8

Ambient

4.8±0.1b

1.7±0.2b

1.7

1.2±0.1b

1.5

LSD (P = 0.05)

0.1

0.2

-

0.3

-

1/ different alphabets on means of same parameter indicates significant difference due to treatment and vice versa.
2/ - indicates not applicable

10.7, 13.5, and 10.5%, respectively, when intercropped
with mungbean compared to sole crop. Only LAI of
sweet sorghum was insignificantly reduced by 2.1
when associated with soybean. On the other hand,
average plant height and grain yield of sweet sorghum
was increased by 3.4 and 2.5%, respectively, when
intercropped with soybean compared to sole crop.
These yield reductions would be primarily attributed
to competition between sweet sorghum and legume in
intercropping for growth resources as also reported by
others [40]. Results showed that soybean as intercrop did
not exert a greater pressure on sweet sorghum instead
of having some mutual cooperation, as compared to
mungbean.
Mungbean has a faster growth habit and greater
competitive ability than soybean [41]. Doubled plant
population of mungbean and lower intra-row spacing
between sweet sorghum and mungbean have aggravated
the competitive ability between sweet sorghum and
mungbeanand thus led to a reduction of growth and
yield parameters. Sweet sorghum would have been
non-competitive and cooperative with soybean as it
hasa greater ability to fix atmospheric nitrogen (range
of 56-89 % of total plant N) compared to mungbean
(45-76% of total plant N) and being able to make
available a part of such N to associated plants [42]. The
LAI, plant height and grain yield of intercropped sweet
sorghum were significantly decreased by 10.5, 8.4, and
8.5 %, respectively, when N dose was reduced to 30 kg
ha-1 compared to 60 kg ha-1. These reductions showed

that intercrop competition occurred for N instead of
supplementation of N by the associated legume. Abd
El-Lattief [43] and Ajeigbe et al. [44] observed that
increasing N levels increased grain yield of sorghum.
The purpose of growing legumes with sweet
sorghum was to gain additional yields, in addition
to sweet sorghum to improve quantity and quality of
food due to likely addition of protein from legume,
and also to promote resource utilization by legumes
during the early growth period of sweet sorghum before
commencing its high resource-demanding period. The
addition of yield by intercropped legume to production
of cultivated lands would give yield advantages [45].
Average LAI, plant height and seed yield in mungbean
were reduced by 23.7, 30.0, and 18%, respectively, when
intercropped with sweet sorghum compared to its sole
crop due to competition. Average LAI of soybean was
increased by 11.3% compared to sole crop, but both
plant height and seed yield were reduced by 33%, in
intercropping compared to sole crop. The reduction
in legume yield could partly be attributed to shading
and competition for soil nutrition, which resulted from
the dominance effect of plant height and high leaf
area (shading), and thealellopathic effect of associated
sweet sorghum [46]. According to the source-sink
relationship, an increase in grain size in sole crop of
soybean during pod development and seed filling period
due to proximity of source (pod wall) and sink (seed)
was reported [47]. When soybean intercropped, this
ability appeared to be hindered due to shading by sweet
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Table 3. Effect of type of intercropping, N dose and air quality on carbohydrate, protein, fat and energy yields in intercropping systems.
Treatment

Carbohydrate, t ha-1

Protein, t ha-1

Fat, t ha-1

Energy, MJha-1

Sole crop sweet sorghum

3.58±0.27

0.53±0.04

0.16±0.02

74.61±5.64

Mungbean + Sweet sorghum

4.39±0.17b 1/

0.93±0.05a

0.16±0.01b

95.02±3.87b

Soybean + Sweet sorghum

4.61±0.21a

0.90±0.06a

0.18±0.01a

98.98±4.77a

LSD (P = 0.05)

0.145

NS

0.004

3.287

Intercropping
Type of intercropping

N dose, kg ha

-1

30

4.42±0.16b

0.94±0.05b

0.16±0.01c

95.81±3.69b

60

4.74±0.28a

0.99±0.08a

0.18±0.01a

102.47±6.24a

120

4.34±0.14c

0.82±0.04c

0.17±0.01b

92.73±3.03b

LSD (P = 0.05)

0.178

0.052

0.005

4.025

Type of air quality
Filtered

4.67±0.19a

0.97±0.06a

0.17±0.01a

101.04±4.35a

Ambient

4.33±0.19b

0.85±0.05b

0.17±0.01a

92.97±4.29b

LSD (P = 0.05)

0.145

0.043

0.004

3.287

CV, %

4.7

6.8

Ns

4.9

1/ different alphabets on means of same parameter indicates significant difference and vice versa

sorghum, thus reducing opportunities for maintaining
same-seed yield as in the sole crop.
Individual factors as well as the interactions between
N dose and air quality on LAI, plant height, and seed
yield of intercropped mungbean and soybean were
significant. The N dose of 20 kg ha-1 and filtered air
produced LAI, plant height and seed yield almost on par
with each variable of the sole crop. Growth and yield
parameters in intercropped legumes gradually decreased
as the level of N increased, because gradual increases
in shading with increased growth of dominant sweet
sorghum with the availability of mineral N resulted
from N release. At lower N dose, the growth of sweet
sorghum was reduced, which in turn reduced shading
on adjacent legumes, and as a result legume had the
opportunity to increase its photosynthesis and dry
matter and seed yield. Reduction in growth and yield
parameters of intercrop legume was also observed by
Abate and Alemayehu [48]. Under ambient air, LAI,
plant height and seed yield were significantly reduced
in intercropped mungbean by 28.0, 29.0, and 20.5%,
and in intercropped soybean by 13.9, 29.0, and 16.0%,
respectively, compared to the same variables under
filtered air, which showed reductions in O3, NO2 and SO2
below threshold levels of sensitivity, and hence plants
in filtered air treatment were free from adverse and
hidden interferences. In ambient air of the experimental
area, concentrations of ozone at 2, 4, 6, 8, 10, and 12
weeks after seeding were 57.4, 62.6, 55.4, 49.8, 52.7, and
44.9 ppb, respectively; that of nitrogen dioxides were

48.4, 49.5, 47.4, 45.8, 45.2, and 40.7 ppb, respectively;
and for sulfur dioxide were 18.8, 17.6, 11.7, 10.5, 12.0,
and 14.9 ppb, respectively. As per reports published, an
ozone level of 40 ppb was the threshold level for dicots,
and legume being dicots, higher ozone concentration in
air may have had a negative effect on growth and yield of
legumes as also reported by Zhang et al. [49]. Reduction
in growth and yield parameters of mungbean due to
combined influence of air pollutants (O3, NO2, SO2)
were also observed by Chaudhary and Agrawal [50].
This indicates and alarms the future threat of increasing
air pollution on legume-based food production and food
security.
Land equivalent ratio (LER) decreased by 10.3% in
sweet sorghum-mungbean intercropping compared to
sweet sorghum-soybean intercropping. It was decreased
significantly by 10.5% in sweet sorghum-mungbean
and 22% in sweet sorghum-soybean associations due
to decreased N at 120 kg ha-1 compared to 60 kg ha-1.
Nitrogen dose of 60 kg ha-1 gave highest LER that
was on par with the N dose of 30 kg. This could be
due to enhanced performance of sweet sorghum at 60
and 120 kg ha-1 and lower performance of legume at
120 kg ha-1 of N. Several researchers have reported
inferior performance of legumes at high N rates due
to declining biological N fixation, on which plant N
requirement is mainly dependent [51]. On the other
hand, cereals show lower performance at low soil N
levels and vice versa [43]. Withdrawal of soil N is
known to facilitate and promote BNF of legumes [52].
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However, when both legume and cereal are planted in
closer rows and apply with higher doses of N, such N
would impair and hinder the nodule activity of the
legume. This impairment may affect BNF of root
nodules, and under such conditions, the legume will
have to be dependent upon fertilizer N. This situation
appeared to have occurred with the application of N as
top dressing to sweet sorghum at 30 days after seeding.
Therefore, enhanced performance of sweet sorghum
and reduced performance of legume at higher N rates
and vice versa were explicitly seen. The 60 kg ha-1 of
N made a compromise, thus improving crop yield as
expressed with LER of 1.8-1.9 with mungbean and
soybean, respectively. The result also showed that
yield of legumes was more contributory to LER than
sweet sorghum in the current study. The results are in
congruity with the findings of Sibhatu et al. [53], where
the increasing level of N increased the LER in maizePhaseolus beans intercropping.
Filtered air enhanced the production of both sweet
sorghum and legumes, and thus increased the LER
value by 12% compared to ambient air. Average total
yield of carbohydrates, proteins, fats, and energy
was increased by 18.5, 43.0, 0.0, and 21.5% in sweet
sorghum-mungbean intercropping and by 22.3, 41.0,
11.0, and 24.6%, respectively, in sweet sorghum-soybean
intercropping compared to sole crop of sweet sorghum.
The interaction among intercropped soybean, N dose of
30 or 60 kg ha-1 and filtered air resulted in the highest
protein yield in sweet sorghum-soybean association.

Conclusions
The current study showed that growing sweet
sorghum with legumes (soybean or mungbean) in
intercropping was more beneficial than sole cropping.
In intercropping sweet sorghum with soybean or
mungbean, N management and air quality appeared to
be of utmost importance in order to reduce competition
for the main crop or for both. Intercropping using
60 kg ha-1 of N proved superior to both 30 and
120 kg ha-1 because of optimized and compromised
performance of sweet sorghum and legume. Similarly,
filtered air increased the productivity of intercropping.
Therefore, intercropping sweet sorghum with mungbean
or soybean provided with N dose of 60 kg ha-1 and
filtered air resulted in reduced competition and
enhanced land productivity for grain and seed yields
and associated food ingredients and digestible energy
production.
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