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ABSTRACT 
 

A field experiment was conducted at the Faculty of Agriculture, Eastern University, Sri Lanka to 
investigate the effects of intercropping green gram on the growth and yield parameters of two 
varieties of paddy; Suwandel (traditional variety) and At 307 (improved variety) during the period of 
July to November 2022. The experiment was laid out in a 2 x 2 Factorial Randomized Complete 
Block Design with four treatments as monocropping Suwandel (T1), intercropping Suwandel with 
green gram (T2), monocropping At 307 (T3) and intercropping At 307 with green gram (T4), that were 
replicated five times. Significant differences in leaf area, shoot dry weight, 1000 seeds weight and 
grain yield were observed in the paddy-green gram intercropping system compared to the 
monocropping of paddy. Significant synergistic responses were also observed among the 
treatments, where the leaf area and shoot dry weight were the highest in Suwandel + green gram 
intercropping system and the 1000 seeds weight was the highest in At 307-green gram 
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intercropping system. However, the cost-benefit analysis revealed that the net profit received from 
Suwandel + green gram intercropping system was 36.6% higher than the At 307-green gram 
intercropping system. Therefore, it was evident from the present study that the Suwandel + green 
gram intercropping system is an environmentally friendly sustainable approach to grow paddy 
without synthetic fertilizers. 
 

 

Keywords: At 307; green gram; intercropping; paddy; sustainable; suwandel. 
 

1. INTRODUCTION 
 

Scientifically termed as Oryza sativa, paddy is 
grown in many countries around the world as it 
feeds over half of the world’s population, with 
Asia accounting for 90% of the total production 
[1]. Rice, which is produced after the removal of 
husk and bran from paddy, is the staple food of 
Sri Lankans since ancient times. Its cultivation 
has a prominent role in the nation's politics, 
traditions and cultural identity [2]. Rice Fullfills 
45% of the calorie and 40% of the protein 
requirement of an average Sri Lankan [3]. Paddy 
is cultivated in different parts of the country in 
two seasons namely, Maha (major) and Yala 
(minor) which are synonymous with the North-
East monsoon and the South-West monsoon, 
respectively. Currently, it is estimated that 
roughly 708,000 ha of land is used exclusively for 
paddy cultivation in Sri Lanka and, the total 
production of paddy in 2021/2022 Maha season 
is 1,931,230 MT and in 2021 Yala season is 
2,088,202 MT [4]. 
 

Rice has a wide range of grain characteristics 
that affect its quality and nutrient profiles, 
including length, colour, thickness, stickiness and 
aroma, which in turn have an impact on the 
preference of rice consumers from various 
geographic and cultural backgrounds around the 
globe [5]. Therefore, different varieties of paddy 
are grown by farmers to earn profits by meeting 
the consumer demand. In Sri Lanka, paddy is a 
crop with a significant genetic diversity, as 
majority of its germplasm which includes 
traditional varieties, exotic varieties, locally 
developed old varieties, locally developed new 
improved varieties and wild relatives have been 
preserved at the Plant Genetic Resources Centre 
(PGRC) at Peradeniya [6]. 
 

Early on, in the history of Sri Lankan paddy 
farming, only traditional varieties of paddy were 
grown [7] under entirely organic conditions and 
thereby it had no negative effects on the 
environment or people's health. Suwandel is one 
such traditional variety of rice with a rich milky 
taste and a fragrance [8] which makes it a highly 
demanded variety of rice by Sri Lankan 

consumers. Cultivating traditional varieties of 
paddy, with the application of organic manure 
such as green manure, cow dung, poultry 
manure etc., controlling weeds by hand weeding 
and managing the available water without 
causing moisture stress are some of the 
traditional techniques of farming practiced by 
farmers in Sri Lanka [9]. Since there was no 
usage of chemical fertilizers, herbicides or 
pesticides, such traditional techniques were 
successful in maintaining the environmental 
sustainability. However, these traditional paddy 
varieties disappeared from Sri Lankan farm lands 
around the 1960s, when the high-yielding, newly 
improved varieties were introduced [10]. At 307 
is one such improved variety of paddy developed 
at the Rice Research and Development Institute 
– Ambalanthota, Sri Lanka. This variety is 
resistant to, blast disease and pests such as gall 
midge and brown plant hopper. It is a well-known 
fact that growing improved varieties is generally 
advantageous over traditional varieties due to 
their shorter life cycle, higher yields and 
resistance to pests and diseases etc. Therefore, 
it is evident that both traditional and improved 
varieties of paddy have their own benefits and 
drawbacks pertaining to agriculture. 
 

Sri Lanka is currently facing a serious economic 
downturn in decades of the nation’s history since 
independence. In consequence, the higher prices 
and, unavailability of chemical fertilizer and other 
agrochemicals including pesticides and 
herbicides is the major problem faced by Sri 
Lankan farmers. Therefore, in order to tackle 
these issues, the immediate and best option is 
the adoption of sustainable agricultural practices 
in paddy farms in Sri Lanka. 
  
Out of several sustainable agricultural practices 
followed by farmers worldwide, intercropping can 
be pointed out as an important approach to 
maximize yield and improve productivity. By 
definition, an intercropping system is a method of 
farming which involves the simultaneous 
cultivation of two or more species of crops [11] in 
the same piece of land. Even though the 
component crops of an intercropping system do 
not have to be planted or harvested at the same 
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time, they should be grown together for the 
majority of their growth periods [12], which 
specifies the concept of intercropping. 
  
Intercropping legumes with cereals are 
commonly practiced by Sri Lankan farmers. 
Typically, cereal crops are nutrient-exhaustive 
and utilize nutrients from the Upper soil layers 
[13] and legumes have the ability to fix 
atmospheric nitrogen. Being a short duration 
crop, green gram when intercropped with paddy 
has the potential to build up soil fertility and 
increase the overall productivity and income [14]. 
Therefore, the present study was undertaken 
with the objective of finding out the effects of 
intercropping green gram with improved and 
traditional varieties of paddy to improve the yield 
of paddy. 
 

2. MATERIALS AND METHODS 
 

2.1 Experimental Site 
 

This study was conducted as a field experiment 
at the crop farm of the Faculty of Agriculture, 
Eastern University Sri Lanka, located in the 
Batticaloa district (situated in the eastern coast of 
Sri Lanka), falling under the low country dry zone 
(DL2) agroecological region of the country. The 
experiment was conducted during the period of 
July 2022 to November 2022. The experimental 
site is situated in the latitude of 7° 43' N and the 
longitude of 81° 42' E at an altitude of 10m above 
mean sea level. 
 

2.2 Planting Materials 
 

Suwandel; a popular traditional paddy variety 
(Oryza sativa) of Sri Lanka, At 307; an improved 
paddy variety (Oryza sativa) developed and 
released by the Department of Agriculture Sri 
Lanka, and Harsha variety of green gram (Vigna 
radiata) recommended by the Department of 
Agriculture Sri Lanka, were used as the planting 
materials of the experiment.  
 

2.3 Treatments and Experimental Design 
 

40 m2 research plots were laid out in a 2 x 2 
Factorial Randomized Complete Block Design 
with the 2 varieties of paddy (Suwandel and At 

307) as the first factor and 2 different cropping 
systems for paddy (monocropping paddy and 
intercropping green gram with paddy) as the 
second factor. Collectively, these formed four 
treatment combinations as shown in Table 1. 
Each treatment was replicated five times.  

 
2.4 Agronomic Practices 
 
Seeds of both paddy varieties Suwandel and At 
307 were sown in bubble trays filled with soil 
taken from the research plot. Spraying of water 
to the nursery trays was done three times a day. 
12 days old seedlings were transplanted in the 
main field at a spacing of 25cm×25cm. Green 
gram seeds were sown in the research plots in 
between rows of paddy seedlings one week after 
transplanting paddy seedlings. After ploughing, a 
basal application of 2.5 t/ha compost, 4 t/ha cow 
dung, 2 t/ha poultry manure [15] and 1 t/ha green 
manure [16] was done to all the research plots. 4 
weeks after transplanting paddy, 2 t/ha compost 
was applied [16] and 8 weeks after transplanting 
paddy 4 t/ha cow dung was applied. The 
research area was irrigated at 1-day intervals 
starting from two days after transplanting paddy 
seedlings. The irrigation schedule was 
discontinued on rainy days. Weeding was done 
manually in all the research plots in two-weeks 
intervals starting from 14 days after transplanting 
paddy. Green gram harvest was obtained 52-64 
days after planting its seeds. The pods were then 
dried under direct sunlight for 2-3 days. Later, 
threshing was done to isolate the grains from 
straw. Paddy was harvested 93 days after 
transplanting. 

 
2.5 Data Collection and Analysis 
 
The observations for paddy were taken at weekly 
intervals starting from 4 weeks after transplanting 
paddy seedlings. The parameters measured for 
paddy were leaf area (cm2), dry weight of shoot 
(g), grain yield (t/ha) and 1000 seeds weight (g). 
The parameter measured for green gram was the 
grain yield (t/ha). Collected data were subjected 
to Analysis of Variance (ANOVA) and mean 
separation (Tukey’s test) using Minitab 17 
statistical software at 5% significance level. 

 

Table 1. Treatment combinations of the experiment 
 

Treatment code Treatment combination 

T1 Monocropping Suwandel 
T2 Intercropping green gram with Suwandel 
T3 Monocropping At 307  
T4 Intercropping green gram with At 307 
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3. RESULTS AND DISCUSSION 
 
3.1 Leaf Area 
 
According to the analyzed results shown in Table 
2, Significantly positive interaction effects 
(P<0.05) were observed among the treatment 
combinations of the present study, with the 
maximum mean value recorded when Suwandel 
was intercropped with green gram. This result is 
in accordance with the findings Iwuagwu et al. 
[17] who reported that this might be due to a 
nutrient balance between the cereal (a crop that 
requires a lot of nitrogen) and the legume, which 
compensated the nitrogen taken up by the rice 
crop. A previous study conducted by Putra et al. 
[18] where rice intercropped with soybean also 
resulted in a higher leaf area when rice was 
grown in more or less equal quantities with the 
legume in the same plot, compared to the 
monoculture system of rice.  
 

3.2 Shoot Dry Weight 
 
Based on the analysis of variance, a            
significant interaction (P<0.05) was observed in 
between paddy variety and cropping system. A 
significantly higher mean value was obtained            
in the intercropping Suwandel with green gram. 
as shown in Table 2. The likely cause for this 
could be the higher dry matter accumulation in 
shoots achieved by increased rates of 
photosynthesis attributable to the higher mean 
leaf area [19] that was observed in intercropped 
plots.  
 

3.3 1000 Seeds Weight 
 

As per the analyzed results shown in Table 2, 
there was a statistically significant interaction 
(P>0.05)  between the tested factors paddy 

variety and cropping system on 1000 seeds 
weight. Among the treatment combinations of the 
present study, with the highest mean value 
obtained when At 307 was intercropped with 
green gram. The results are in agreement with 
those of Mandal et al. [20], who observed that 
the 1000 seed weight of paddy increased when it 
was intercropped with legumes such as mung 
bean compared to sole cropping of paddy. 
Iwuagwu et al. [17] also found that the seed 
weight of rice was the highest when it was 
intercropped with a legume (soybean) and the 
lowest when it was grown alone. 

 
3.4 Grain Yield 
 
According to the analyzed results shown in Table 
3, significant interactions were not observed 
(P>0.05); for the grain yield between the tested 
factors paddy variety and cropping systems. 
Further, there was no significant differences 
between the paddy varieties on grain yield but, 
there were significant difference between the 
cropping systems. A higher grain yield was 
recorded when paddy was intercropped with 
green gram compared to when paddy was grown 
as a monocrop. This is in agreement with Chu et 
al. [21] who found that the grain yield of paddy 
increased by 29-37% in the intercropping system 
compared to the monocropping system, and the 
credit for this was attributed to the improvement 
in nitrogen nutrition by the intercropped peanut. 
Iwuagwu et al. [17] also reported that the yield of 
paddy when it was intercropped with soybean 
(legume) was significantly higher than the system 
of monocropping paddy and that the reason for 
this might be due to the nutrient-balance 
relationship between paddy, a cereal crop with a 
strong reliance on nitrogen, and the supply         
of nitrogen provided by the legume crop 
(soybean).

 
Table 2. Effect of different cropping systems on the growth and yield parameters of paddy 

 

Paddy variety Cropping system Leaf area (cm2) Dry weight of shoot 
(g) 

1000 seeds 
weight (g) 

Suwandel Monocropping  79.73 ± 2.61c 5.63 ± 0.21b   2.77 ± 1.99c 

Intercropping  276.23 ± 5.42a 12.08 ± 1.62a   7.29 ± 0.62b 

At 307 Monocropping  93.67 ± 2.40b 3.14 ± 0.28b   9.37 ± 1.28b 

Intercropping  86.63 ± 1.05bc 5.14 ± 0.89b 17.60 ± 0.93a 

 Sig. * *           * 
Values represent mean ± standard error of five replicates.  ‘*’ represents significant difference and ‘ns’ represents 

non-significant difference at 0.05 level of probability. According to Tukey’s Test, means in the same column 
followed by dissimilar letter/s in superscripts indicate significant difference at 0.05 level of probability. 
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Table 3. Effect of different cropping systems on the grain yield of paddy 
 

Factors Factor levels Grain yield (t/ha) 

Paddy variety Suwandel 0.73 ± 0.22 
At 307 0.54 ± 0.18 

 Sig.         ns 
Cropping systems Monocropping  0.27 ± 0.08b 

Intercropping  1.00 ± 0.21a 

 Sig.         * 
Values represent mean ± standard error of five replicates.  ‘*’ represents significant difference and ‘ns’ represents 

non-significant difference at 0.05 level of probability. According to Tukey’s Test, means in the same column 
followed by dissimilar letter/s in superscripts indicate significant difference at 0.05 level of probability. 

 
Table 4. Cost-benefit analysis of the experiment 

 

Treatments     Total yield (t/ha) Cost  
(Rs. /ha) 

Income  
(Rs. /ha) 

Net profit (Rs. 
/ha) Paddy Green gram 

T1 0.33 - 285,069.2 165,000.0 -120,069.2 
T2 1.13 0.93 337,769.7 1,681,000.0 1,343,230.3 
T3 0.21 - 283,685.4 46,200.0 -237,485.4 
T4 0.87 0.94 336,385.9 1,319,400.0 983,014.1 

 

3.5 Cost-Benefit Analysis 
 
As shown in Table 4, the monocropping system 
for both the varieties of paddy is unprofitable. 
Although the yield under the intercropping 
system for At 307 and Suwandel were only 
marginally different from each other, the net profit 
from Suwandel-green gram intercropping system 
was 36.6% higher than the At 307-green gram 
intercropping system. This is because, being a 
highly demanded traditional paddy variety in Sri 
Lanka, the market price of Suwandel is much 
higher compared to At 307. The extra profit 
received from green gram in the intercropped 
plots also contributed to the higher income from 
these plots. In addition, since the experiment was 
done excluding the use of expensive chemical 
fertilizers, the cost of cultivation of paddy and 
green gram has been largely reduced. Therefore, 
it can be concluded from this result that 
intercropping is a good choice to increase the net 
profit received from paddy cultivation, especially 
in the traditional variety; Suwandel, grown using 
organic manure.  
 

4. CONCLUSION 
 
Intercropping paddy with green gram showed 
significant differences in leaf area, shoot dry 
weight, 1000 seeds weight and grain yield of 
paddy compared to paddy grown as a monocrop. 
In addition, synergistic effects of the treatment 
combinations were significant for the leaf area, 
shoot dry weight and the 1000 seed weight. 
Accordingly, the highest leaf area and shoot dry 

weight were observed in Suwandel-green gram 
intercropping system, and the highest 1000 seed 
weight was observed in At 307-green gram 
intercropping system. However, based on the 
cost-benefit analysis performed at the end of the 
experiment, the net profit received from 
Suwandel-green gram intercropping system was 
found to be 36.6% higher than the At 307-green 
gram intercropping system. Therefore, it can be 
concluded from the present study that Suwandel-
green gram intercropping system is the best to 
grow paddy without synthetic fertilizers, which is 
an environmentally friendly sustainable approach 
to increase the yield of paddy. 
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