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ABSTRACT: Globally, cultivable land has decreased due to population increase and industrialization. 

Industrialization and globalization in agriculture and food supply endanger the future of humanity and 

environment. A huge amount of energy requires for production the synthetic of fertilizers and pesticides. 

Moreover, agrochemicals can cause environmental degradation and disruption and human health risks. 

Many scientists nowadays are getting worried about the environmental and health risks of industrialized 

agricultural practices, and they are reconsideration low-technology alternatives Sustainable agriculture 

aims to simulate nature as the pattern for designing agricultural systems an important principle for 

sustainable agriculture is to create and maintain diversity, integrating plants and animals into a diverse 

land scape. A sustainable agricultural approach is crop diversification using resource-efficient and 

lucrative cropping techniques. Intercropping is frequently used by small holders in developing nations to 

grow crops with increased yield and value. Many intercropping studies have been conducted under 

experimental conditions, but few studies have been performed in farmers’ fields. On farm demonstration 

with diversified cropping system of soybean + redgram Vis-a-Vis farmers’ practice of sole soybean was 

conducted in farmer’s field for two years during Kharif 2020-21 and 2021-22 in Bidar district, Karnataka 

to study the influence of sole and intercropping system on seed yield and quality in soybean. The 

treatments consisted of two factors, Factor-I included two varieties of soybean viz., a) V1: JS-335 and b) V2: 

DSb-21 and Factor-II included Two cropping system a) Intercrop (C1) and b) Sole crop (C2). The 

treatments were laid out in factorial RCBD and replicated thrice. The results revealed that significant 

difference was noticed between the two soybean varieties grown as sole crop on seed yield and quality 

parameters except for seedling vigour index, where as in second factor the comparison between sole and 

intercrop treatment didn’t differ significantly which was found to be on par with each other in almost all 

the parameters except for the yield although there was just slight difference between both the treatments 

which recorded 2.65 kg per plot and 21.47 q per ha in sole crop (C2) and 2.50 kg per plot and 20.27 q per 

ha in intercrop (C1) and the interaction between the two factors was found to be non significant. 
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INTRODUCTION 

Sustainable intensification (SI) of agricultural systems 

is now widely accepted as a guiding principle by 

progressive farmers, agricultural scientist and 

agricultural economist such as Baulcombe et al. (2009); 

Antle and Ray (2020). Over the past few decades, 

interest has grown in the dual objectives of raising food 

production while also reducing environmental impacts. 

Increasing production while preserving or improving 

the services offered by natural ecosystems while 

utilizing the same amount of inputs or less is known as 

sustainable intensification of agriculture. Unlike 

conventional assessments of agricultural productivity, 

which presuppose that growth is achievable with rising 

inputs as long as the rise in outputs is also greater 

(Boult and Chancellor 2020; O'Donnell, 2018). 

Intercropping is a pro-environmental practice that 

supports biodiversity and aligns with the ideals of 

balanced agriculture. Intercropping has recently being 

discovered again due to popularity of organic 

agriculture (Blazewicz-Wozniak and Wach 2011). 

Intercropping systems are widely used in Latin 

America, Asia, and Africa where capital investment is 

restricted, minimizing risk of total crop failure 

(Legwaila et al., 2012). 

Intercropping is proposed as a potential cropping 

system that is environmentally sound and may solve the 

conundrum of greater production from ‘less’ or 

equivalent land. The act of cultivating two or more 

crops concurrently in the same field for all or a portion 

of their growing seasons is known as intercropping. 

Intercropping can be done in annual and perennial crops 
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alone, as well as between annual and perennial crops 

mixed together. To increase resource usage efficiency, 

productivity, and profit per unit of land, it tries to 

capture the cooperative and facilitative interactions 

between plant species. 

With better economic returns (Mucheru-Muna et al., 

2010; van Asten et al., 2011), lower pest and disease 

incidence (Trenbath 1993; Zhu et al., 2000), and higher 

land and nutrient use efficiency (Agegnehu et al., 2006; 

Li et al., 2007), intercropping (IC), an ancient multiple-

cropping system, is still popular with smallholder 

farmers in developing nations. Intercropping is seen by 

its proponents as a profitable, environmentally friendly, 

and sustainable cropping technique. Intercropping 

systems are tough to evaluate because there is 

frequently uneven competition among the component 

species across the crop cycle. When crops are produced 

in an intercropping system, the yield of each species is 

usually lower than that obtained in sole crop 

production, even if the sum of relative yields is often 

greater than one (Yu et al.,2015; Martin-Guay et al., 

2018). This yield decrease is due to competitive 

interactions. 

In countries like India and Australia where agricultural 

systems are predominately dominated by intensive 

monocultures managed in the context of crop rotations 

and where livestock can be integrated as part of mixed 

farming enterprises, intercropping systems have not yet 

been widely adopted by landholders in broad acre 

production systems (Bybee-Finley and Ryan 2018). 

This is based on the economic perspective of 

specialization and economies of scale, which occur 

when a producer raises the scale of production, hence 

spreading fixed costs across numerous production units 

and lowering production costs per unit. Intercropping's 

economic justification is based on the principle of 

economies of scope, which develops when a producer 

may utilize the same inputs to generate two or more 

goods, lowering the cost of producing them separately. 

It is suggested that intercropping would be a practical, 

ecologically friendly cropping technique that could 

solve the issue of producing a higher yield from "less" 

or "equal" land. The act of cultivating two or more 

crops concurrently in the same field for all or a portion 

of their growing seasons is known as intercropping. 

Intercropping can done in annual and perennial crops 

grown separately as well as when they are grown 

together. It attempts to capture the complementing and 

facilitating interactions between species in order to 

maximize capture, resource efficiency, yield, and profit 

per unit of land (Dowling et al., 2021; Altieri et al., 

2012; Sullivan, 2003; Amanullah et al., 2016). 

Intercropping, which is often utilized in smallholder 

cropping systems, has been demonstrated to increase 

agricultural productivity, lower economic risk, and 

lessen negative externalities. 

Because intercropping systems are complicated and 

variable, evaluating them is difficult. To decrease this 

complexity, a primary system conception with a focus 

on the possible costs and private and public net 

advantages of implementing intercropping systems was 

developed. Intercropping can increase crop yields and 

profits by improving fertilizer, radiation, and water use 

efficiency (Cowger and Weisz 2008; Kiær et al., 2009; 

Lin, 2011; Makate et al., 2016; Sharma et al., 2017; 

Manevski et al., 2015). Increased groundcover due to 

intercropping may also reduce runoff and soil erosion 

(Gou et al., 2016; Hombegowda et al., 2020). Others 

reported benefits of intercropping include reduction in 

pest and disease infestation (Johnston et al., 1995; 

Zhang et al., 2019) increase in soil organic matter, 

earthworm and soil microbial activity and improvement 

in soil structure (Ma, 2017; Nyawade et al., 2019, 

Schmidt et al., 2001; Schmidt et al., 2003). 

Furthermore, incorporating legumes in intercropping 

promotes nitrogen fixation and improves soil fertility 

(Nyawade et al., 2020; Latati et al., 2017) growing 

crops with different root depths further enhances the 

efficient use of below-ground resources (Ren et al., 

2017; Ren et al., 2019). On-farm crop diversity through 

intercropping can improve agricultural productivity and 

stability in the face of seasonal unpredictability and 

changing climates (Johnston et al., 1995; Nieru, 2013). 

This is because different species react differently under 

different environmental conditions, so if one species is 

negatively affected by adverse seasonal weather, other 

component species within the mixture may still produce 

a viable yield with the above perspective and positive 

clues about this system experiment. 

Sowing two rows of redgram and four to six rows of 

groundnut as intercrop by manual sowing. Apart from 

providing biological insurance, it ensures higher total 

yield advantage than sole cropping of component crops 

due to efficient utilization of resources (Andrews, 

1972). Soybean inter cropped with redgram is evolved 

as an alternative sustainable and climate smart cropping 

system as pigeon pea being a predominantly rainfed 

crop is one of the most important and potential 

component of intercropping in semi-arid areas. It is 

generally intercropped with sorghum, cotton and maize. 

Soybean is also feasibly intercropped with pigeon pea 

for enhancing the potential of crop productivity. 

Keeping in view of the above, a study was conducted 

with the objective of understanding the seed yield and 

quality responses of soybean with redgram as intercrop. 

MATERIALS AND METHOD 

Crop diversification with resource efficient and 

remunerative cropping systems is a sustainable 

agricultural practice. On farm demonstrations with 

diversified cropping system of soybean + redgram Vis-

a-Vis farmer’s practice of sole soybean were conducted 

in Agricultural Research Station, Bidar in ten farmer’s 

field of Bidar district, Karnataka state during Kharif 

2020-21 and 2021-22 with an objective to study the 

production potential of improved cropping system of 

soybean + redgram (4:1 ratio) intercropping in 

comparison with farmers practice of sole cropping 

system. Sowing of crops was done during 2nd week of 

June month. The observations on seed yield parameters 

like number of pods per plant, seed yield per plant, seed 

yield per plot and seed yield per hectare and seed 

quality parameters viz., physical purity, test weight, 

germination, seedling length, seedling dry weight and 

seedling vigour index were recorded and later the data 
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was analyzed to know the beneficial cropping system in 

terms of seed yield and quality. The data of two years 

was used for pooled analysis. The statistical analysis 

and the interpretation of the experimental data was done 

by using Fischer method of Analysis of Variance 

technique as outlined by Gomez and Gomez (1984). 

The level of significance used in F test was 5 per cent 

for field experiment and 1 per cent for laboratory 

experiment. 

RESULTS AND DISCUSSIONS 

A. Yield and yield attributes 

The influence of sole and intercrop system on seed 

yield was found to be significant among the treatments 

and the data on number of pods per plant and seed yield 

was presented in Table 1 and 2. From the pooled data of 

two years, two varieties of soybean grown as sole crop 

among which the variety V1: JS-335 showcased 

significant influence on yield and yield attributing 

parameters (Fig. 1) which recorded maximum number 

of pods (22.27), seed yield per plant (11.64 g), seed 

yield per plot (2.65 kg) and seed yield per ha (21.49 q) 

as compared to variety V2: DSb-21 (20.77, 10.68 g, 

2.50 kg and 20.25 q) respectively. While in comparison 

between sole and intercrop, the results of the both 

treatment was observed to be non significant however 

numerically, the sole crop of soybean (C2) recorded 

maximum number of pods (21.63) and seed yield per 

plant (11.19 g) compared to intercrop (C1) (21.40 and 

11.14 g). With regarding to seed yield per plot and seed 

yield per ha there was significant difference was 

noticed between the treatments in which the sole crop 

recorded highest seed yield per plot (2.65 kg) and seed 

yield per ha (21.47 q) when compared with pigeon pea 

intercropped with soybean in 1:4 ratio in treatment (C1) 

(2.50 kg and 20.27 q). Among the interaction between 

the treatments, there was no significant variation was 

found. Similar trend was observed in both the years. 

The highest or maximum yield recorded in sole 

cropping in soybean might be due to more availability 

of all resources like nutrient, moisture and space. 

Whereas, the slight reduction in yield in intercrop might 

be due to lower production of photosynthates and more 

competition for space, nutrients, and soil moisture due 

to reduced nutritional area per plant. These results are 

in conformity with the research findings concluded by 

Ujjinath et al. (1990); Goud and Andhalkar (2012); 

Prakash and Bhushan (2000) also reported that while 

pigeonpea redgram was intercropped with green gram, 

gave higher in productivity and profitability in rainfed 

alfisols. 

B. Seed quality parameters 

Physical purity. The data recorded on physical purity 

of soybean influenced by sole and intercropping system 

in presented in table 3 and it was differed significantly 

between the treatments in pooled data of two years (Fig. 

2). The treatments including the two varieties of 

soybean grown as sole crop in which the variety V2: 

DSb-21 displayed significant difference which recorded 

highest physical purity (84.58 %) when compared to 

variety V1: JS-335 (83.67 %). In second factor between 

sole (C2) and intercrop (C1), highest physical purity was 

recorded was recorded in sole crop (C2) (84.78 %) 

compared to intercrop (C1) (83.46 %) and in the 

interaction between the two factors the results was 

found to be non-significant from pooled data of two 

years and similar trend was observed in both years.  

Test weight. From the pooled data of two years, the test 

weight was found significant influenced by sole and 

intercrop treatments and data was presented in table 3 

and depicted in Fig. 2. The test weight of the two 

varieties of soybean grown as sole crop varied 

significantly in which the variety V1: JS-335 recorded 

maximum test weight (12.80 g) as compared to variety 

V2: DSb-21 (11.61 g). While in comparison between 

sole (C2) and intercrop (C1), the results of the both 

treatment was observed to be non significant however 

numerically, sole crop (C2) recorded highest test weight 

(12.26 g) compared to intercrop (C1) (12.15 g). While 

in the interaction between the two factors the results 

was found to be non significant in pooled data analysis 

and similar trend was observed in 2021 and 2022.  

Highest test weight was noticed in sole cropping 

compared to intercropping. It might be due to proper 

development of seed and also in accumulation of food 

reserves like carbohydrates, protein and small amount 

of lipids in seed during harvest which is directly 

correlated by 100 seed weight (Anitha et al., 2015). 

Germination. The data recorded on seed germination 

as influenced by different treatments of sole and 

intercrop and their interaction was found to be 

significant and presented in Table 3. The maximum 

germination was observed in V2: DSb-21 (70.93 %) 

compared to V1: JS-335 (67.05 %). Between the sole 

(C2) and intercrop (C1) there was no significant 

variation was observed. However, numerically 

maximum germination was observed in sole crop (C2) 

(69.45 %) compared to intercrop (C1) of soybean and 

redgram in 4:1 ratio (68.53 %) while in interaction 

between two factors the results were found to be non 

significant from pooled data and similar trend was 

observed in both years. Among the different treatments, 

slightly higher seed germination was recorded in sole 

crop of soybean and the lower seed germination was 

recorded in soybean + red gram intercropping system 

(Fig. 2). This was due to fact that no proper 

development of seeds that results in less accumulation 

of food reserves and recorded lower seed weight which 

ultimately might have registered the lower germination 

(Basave Gowda et al., 2020). The similar results were 

also reported by Mohsen et al. (2012) in maize 

intercropping system. 

Seedling length. The observations from the pooled data 

of two years on seedling length recorded significant 

variation and was presented in Table 4 and depicted in 

Fig. 3. The treatments including varieties grown as sole 

crop in which V1: JS-335 recorded maximum seedling 

length (20.93 cm) compared to V2: DSb-21 (20.23 cm). 

Whereas, there was no significant variation was noticed 

between the sole crop and intercrop of pigeon pea and 

soybean in 1:4 however sole crop (C2) recorded 

numerically maximum seedling length (20.61 cm) as 

compared to intercrop (C1) (20.23 cm). In interaction 

between the two factors of varieties and cropping 
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system there was no significant variation in pooled data 

and similar trend was noticed in 2020 and 2021. 

Seedling dry weight. The data on seedling dry weight 

recorded significant variation and was presented in 

table 4 and depicted in Fig. 3. From the pooled data of 

two years, the variety V1: JS-335 grown as sole crop 

recorded maximum seedling dry weight (324.40 mg) 

compared to V2: DSb-21 (308.40 mg) respectively. 

Whereas, there was no significant variation was noticed 

between the sole crop and intercrop of pigeon pea and 

soybean in 1:4 however sole crop (C2) recorded 

numerically maximum seedling dry weight (321.30 mg) 

as compared to intercrop (C1) (311.50 mg) respectively. 

In interaction between the two factors of varieties and 

cropping system there was no significant variation in 

pooled data and similar trend was noticed in 2020 and 

2021. 

Seedling vigour index. The observations from the 

pooled data of two years on seedling vigour index 

recorded significant variation and was presented in 

Table 4 and depicted in Fig. 3. The observation 

recorded pertaining to seedling vigour index was found 

to be non-significant between the two varieties grown 

as sole crop and intercropping of pigeon pea and 

soybean in 1:4 ratio and the interaction between both 

the factors didn’t differ significantly and similar trend 

was noticed in both the years. 

Table 1: Influence of sole and intercropping system on number of pods per plant and seed yield per plant of 

soybean (Pooled data of 2020-21 and 2021-22). 

Treatments Number of pods per plant Seed yield per plant (g) 

V1(JS-335) 22.27 11.64 

V2(DSb-21) 20.77 10.68 

SEm± 0.13 0.03 

CD @ 5 % 0.55 0.13 

C1(Inter crop) 21.40 11.14 

C2 (Sole) 21.63 11.19 

SEm± 0.13 0.03 

CD @ 5 % NS NS 

V1C1 22.14 11.64 

V1C2 22.39 11.64 

V2C1 20.66 10.64 

V2C2 20.87 10.73 

SEm± 0.18 0.04 

CD @ 5 % NS NS 

Table 2: Influence of sole and intercropping system on seed yield per plot and seed yield per hectare of 

soybean (Pooled data of 2020-21 and 2021-22). 

Treatments Seed yield per plot (kg) Seed yield per ha (q) 

V1(JS-335) 2.65 21.49 

V2(DSb-21) 2.50 20.25 

SEm± 0.01 0.12 

CD @ 5 % 0.06 0.51 

C1(Inter crop) 2.50 20.27 

C2 (Sole) 2.65 21.47 

SEm± 0.01 0.12 

CD @ 5 % 0.06 0.51 

V1C1 2.58 20.93 

V1C2 2.72 22.04 

V2C1 2.42 19.61 

V2C2 2.57 20.90 

SEm± 0.02 0.17 

CD @ 5 % NS NS 

Table 3: Influence of sole and intercropping system on physical purity, test weight and germination of 

soybean (Pooled data of 2020-21 and 2021-22). 

Treatments Physical purity (%) Test weight (g) Germination (%) 

V1(JS-335) 83.67 12.80 67.05 

V2(DSb-21) 84.58 11.61 70.93 

SEm± 0.11 0.04 0.26 

CD @ 5 % 0.48 0.18 1.12 

C1(Inter crop) 83.46 12.15 68.53 

C2 (Sole) 84.78 12.26 69.45 

SEm± 0.11 0.04 0.26 

CD @ 5 % 0.48 NS NS 

V1C1 82.91 12.73 66.65 

V1C2 84.43 12.87 67.45 

V2C1 84.02 11.57 70.40 

V2C2 85.13 11.65 71.45 

SEm± 0.16 0.06 0.37 

CD @ 5 % NS NS NS 
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Table 4: Influence of sole and intercropping system on seedling length, seedling dry weight and seedling vigor 

index of soybean (Pooled data of 2020-21 and 2021-22). 

Treatments Seedling length (cm) Seedling dry weight (mg) Seedling vigor index 

V1(JS-335) 20.93 324.40 1403 

V2(DSb-21) 19.91 308.40 1412 

SEm± 0.11 3.07 11 

CD @ 5 % 0.93 13.25 NS 

C1(Inter crop) 20.23 311.50 1385 

C2 (Sole) 20.61 321.30 1430 

SEm± 0.11 3.07 11 

CD @ 5 % NS NS NS 

V1C1 20.77 320.50 1385 

V1C2 21.08 328.30 1422 

V2C1 19.68 302.50 1386 

V2C2 20.13 314.30 1438 

SEm± 0.16 4.34 16 

CD @ 5 % NS NS NS 

 
Fig. 1. Influence of sole and intercropping system on number of pods per plant and seed yield of soybean. 

 
Fig. 2. Influence of sole and intercropping system on germination, test weight and physical purity of soybean. 

 
Fig. 3. Influence of sole and intercropping system on seedling length, seedling dry weight and seedling vigour index 

of soybean. 
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CONCLUSIONS  

From the findings of the experiment studied on 

influence of sole and intercropping system on seed 

yield and quality in soybean, it can be concluded that 

among the two varieties of soybean, the performance of 

V1: JS-335 was slightly better than V2: DSb-21 in seed 

yield and quality parameters and between sole crop and 

intercropping the soybean crop performed better as a 

sole crop but the performance of the crop was on par 

with redgram intercropped with soybean in 1:4 ratio in 

terms of the yield and quality parameters. It can be 

concluded opting for intercropping there will be 

effective utilization of land and water resource with 

minimum cost of cultivation and which yield more as 

compared to sole crop by harvesting two crops from the 

same piece of land. 
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