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Yield and economic advantage of various intercropping system modules for different farming practices in rainfed areas of North Karnataka	Comment by hp: Title should be modified on the basis of main crop e.g., if pigeonpea is the main experimental crop then title should be like “Yield and Economic Advantage of Pigeonpea-Based Intercropping Systems under Different Farming Practices in Rainfed North Karnataka”
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ABSTRACT 

	Aims: The field experiment was conducted during kharif 2021-2022 with an aim to study yield and economic advantage of various intercropping system modules for different farming practices in rainfed areas of North Karnataka at Dharwad, Karnataka. 
Study design: Strip plot design 	Comment by hp: The experiment was laid out in a strip plot design
Place and Duration of Study: In Experimental plots, Department of Agronomy, College of Agriculture during  kharif  2021-2022	Comment by hp: The study was carried out at the experimental plots of the Department of Agronomy, College of Agriculture, Dharwad, during the kharif season of 2021–2022
Methodology: The vertical factor consisted of six farming practices and horizontal factor consisted of five intercropping systems. In total 30 treatments replicated twice Results: The results unveiled that pigeonpea + groundnut with conventional practice (2094 kg ha-1) and with 100 per cent organic practice (2057 kg ha-1) surpassed all other treatments by registering significantly higher pigeonpea equivalent yield (PEY). The net returns was significantly higher in pigeonpea + groundnut with conventional practice ([image: G:\15rupee11.jpg] 107249 ha-1) alone. By considering 20 per cent premium price to organic produce significantly higher net returns was recorded in pigeonpea + groundnut with 100 per cent organic practice ([image: G:\15rupee11.jpg] 120927 ha-1) over rest of the treatments except pigeonpea + groundnut with conventional practice ([image: G:\15rupee11.jpg] 107249 ha-1) which recorded on par net returns. 	Comment by hp: The vertical factor comprised six farming practices, while the horizontal factor included five intercropping systems, making a total of 30 treatments, each replicated twice	Comment by hp: Pigeonpea + groundnut under conventional practice (2094 kg ha⁻¹) and 100% organic practice (2057 kg ha⁻¹) recorded significantly higher pigeonpea equivalent yield (PEY), with net returns being highest under conventional practice (₹107,249 ha⁻¹)
Conclusion: It can be concluded that following pigeonpea + greengram and pigeonpea + groundnut with conventional practice is more productive as well as profitable. Next best practices would be pigeonpea + greengram and pigeonpea + groundnut with 100 per cent organic practice and 50 per cent organic + 50 per cent inorganic practice if premium price is assured for organic produce.
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1. INTRODUCTION 
In the present agricultural scenario, crop yield is declining day by day despite maximization of chemical inputs. Acute effects of chemical farming are now a matter of concern as it is resulting in crop un-sustainability. The need of sustainable resource management is increasing as we realize the severe degradation of natural resources due to intensive farming practices. To regenerate soil, sustain the production and protect the environment the alternative farming systems evolved. Among them organic farming is gaining a momentum, as this system helps to maintain soil productivity and effectively control pest by enhancing natural processes and cycles in harmony with environment, without compromising the nutritional quality of food. World over with 99 million hectares of farmland is under organic agriculture and practiced across 188 countries. Worldwide 4.3 million organic producers have been reported and India continues to be the country with highest number of producers (23.58 lakhs) (Willer et al., 2024). In India, > 2 per cent of net area is under organic agriculture with 7.3 million hectare area with production of 3.6 million metric tonnes of confined organic products (APEDA, 2024). 	Comment by hp: Prefer “stagnating” or “declining in some regions” and avoid absolute language	Comment by hp: The adverse	Comment by hp: unsustainability	Comment by hp: Consequently, the need	Comment by hp: Environment, alternative	Comment by hp: Organic	Comment by hp: Add supporting reference	Comment by hp: Globally, 	Comment by hp: are	Comment by hp: reference	Comment by hp: Use consistent numeric formatting (2.36 million rather than “23.58 lakhs”

In organic farming, the success of intercropping system highly relies upon the choice of crops in a combination as the interaction between the component crop species, proper management practices and favourable environmental conditions, directly affects its productivity. Under optimum crop combinations, the proportional and synergistic impact of intercropping is evident in improved yield and economic advantages (Maitra and Gitari, 2020).                

Pigeonpea (Cajanus cajana), the second most widely produced pulse crop in India after chickpea and cotton (Gossypium sps) being India's most significant natural fiber, offer more potential for intercropping. Leguminous crop pigeonpea and cash crop cotton are particularly suited to intercropping systems because of their deep root system, slower initial growth, wider spacing, soil restorative tendency and long duration. Numerous legumes, including blackgram, cowpea, greengram, groundnut, and soybean, as well as cereals like maize, pearl millet and sorghum have potential to be included as a intercrop with pigeonpea and cotton,  which improves soil quality, increases biodiversity, lowers climatic risks, and reduces the probability of crop failure in addition to yielding higher system productivity and profitability .	Comment by hp: Cajanus cajan
The long term studies under National Project on Organic Farming (NPOF) have made significant contribution by standardizing the organic farming practices in several crops of this region since 2004-05. The findings demonstrated that organic farming methods based on ecological principles are superior than chemical farming alone as well as productive and profitable as conventional methods (Babalad et al, 2022). It was felt necessary to evaluate the intercropping systems under rainfed conditions. Given this context, the present investigation was carried out with a objective to evaluate the economic advantage of different farming practice in various pigeonpea and cotton based intercropping systems of this region.	Comment by hp: Study, carried out to asses

2. MATERIAL AND METHODS

The experiment was conducted at the University of Agricultural Sciences, Dharwad (Karnataka) during kharif season of 2021, situated at 15˚ 29’ 51.2” N latitude, 74˚ 59’ 19.9” E longitude and at an altitude of 678 m above mean sea level. The soil of the experiment plot was vertisol and clayey in texture with alkaline in reaction, medium in organic carbon content (4.86 g kg-1), low in available nitrogen (252 kg ha-1), high in phosphorus (31 kg ha-1) and available potassium content (377 kg ha-1). The research was laid out in strip plot design with two replication comprising of 30 treatment combinations. The vertical factor consisted of six farming practices [FP1: 100 % organic practice, FP2: 50 % organic + seed treatment with beejamruta + application of ghana jeevamruta + foliar spray of jeevamruta, FP3: 50 % organic + 50 % inorganic practice, FP4: 25 % organic + 25 % inorganic + seed treatment with beejamruta + application of ghana jeevamruta + foliar spray of jeevamruta, FP5: 100 % inorganic practice and FP6: Conventional practice (RPP)] and horizontal factor consisted of five intercropping systems at 1:2 row ratio [CS1: Pigeonpea + greengram, CS2: Pigeonpea + soybean, CS3: Pigeonpea + groundnut (1:2), CS4: Cotton + greengram, CS5: Cotton + soybean]. The crops were sown in the field with plot size of 5.4 m × 14 m with spacing of 90 cm × 30 cm for main crop and 30 cm × 10 cm for intercrops. The recommended dose of FYM for main crops @ 5 t ha-1 was applied 15 days before sowing of the crops and incorporated into the soil and neem cake was applied @ 250 kg ha-1 to all treatments except those under 100 per cent inorganic practice. In all farming practices, the seeds of pigeonpea, greengram, groundnut and soybean were inoculated with Rhizobium and cotton seeds were inoculated with Azospirillium @ 500 g ha-1 and PSB for all crops @ 500 g ha-1 except inorganic practice. The seed treatment with beejamruta, soil application of ghana jeevamruta @ 1 t ha-1 and foliar spray of jeevamruta 25 % @ 500 l ha-1 per time (3.8 litres plot-1) , twice at the time of flowering and pod filling or boll development stage was practiced in FP2 and FP4 treatments. The recommended dose of fertilizer was applied to each crop based on the population i.e, 100 % to main crops (pigeonpea - 25:50:0 kg N, P2O, K2O ha-1 and cotton - 40:25:25 kg N, P2O5, K2O ha-1) and 66 % to intercrop (16.5:33:0 kg N, P2O, K2O ha-1 - grengram; 26.4:52.8:16.5 kg N, P2O, K2O ha-1 - soybean and 11.88:30:16.5 kg N, P2O, K2O ha-1 - groundnut) through various organic (50 % through vermicompost and 50 % through enriched compost) and inorganic sources based on  respective to treatments.	Comment by hp: amsl.	Comment by hp: Mention pH	Comment by hp: potassium	Comment by hp: Replication number (two) is relatively low; justification for this choice should be provided, as it may limit statistical power	Comment by hp: The description of treatments in the current text form is lengthy and difficult to follow. For better clarity and flow, it is strongly recommended to present the treatment details in a tabular format	Comment by hp: Using vertical or horizontal factors are not standard terminology, instead use main plot and sub-plot.

Each crop was harvested at their physiological maturity and threshed after complete drying, cleaned and grain yield per plot was recorded and expressed as grain yield per hectare (kg ha-1). Later, the individual yields were expressed in pigeonpea equivalent yield and was used to calculate economics. Finally the data was statistically analysed with appropriate design.	Comment by hp: There is no clarity about main crop and intercrop, write clearly

Formula used for calculation of pigeonpea equivalent yield (PEY):	Comment by hp: Reference?

In pigeonpea based system:
                                             PEY (kg ha-1) = (Yba × Pb)/ Pa + Yab
Where, Yba – Yield of pigeonpea in intercropping system (kg ha-1)
Yab – Yield of intercrop (kg ha-1)
Pa – Market price of pigeonpea crop (q-1)
Pb – Market price of intercrop (q-1)

In cotton based system:
                                           PEY (kg ha-1) = (Yba × Pba)/ Pa + Yb
Where, Yba – Yield of intercrop (kg ha-1)
Yb – Yield of cotton (kg ha-1)
Pa – Market price of pigeonpea crop (q-1)
Pba – Market price of intercrop (q-1) 

3. results and discussion	Comment by hp: Frequent use of phrases like "registered significantly higher yield per hectare compared to all other treatments except it was on par with…" could be streamlined for conciseness.

3.1 Yield  

3.1.1 Yield of pigeonpea: 
 Among various treatment combinations, pigeonpea + greengram with conventional practice (FP6CS1: 1355 kg ha-1) registered significantly higher grain yield per hectare compared to rest of the treatments (Table 1). However, pigeonpea + groundnut with conventional practice (FP6CS3: 1237 kg ha-1), pigeonpea + greengram with 100 per cent organic practice (FP1CS1: 1233 kg ha-1) and with 50 per cent organic + 50 per cent inorganic (FP3CS1: 1236 kg ha-1) were next best treatments. The superiority of these due to better yield attributes which in turn was due to greater availability of nutrients with improvement in soil properties added with higher photosynthetic ability of the pigeonpea during the flowering and pod development stages which increased the translocation of photosynthates from source to sink (Jayashree et al., 2016). 	Comment by hp: delete

3.1.2 Yield of intercrops under pigeonpea:

3.1.2.1 Greengram: Grain yield per hectare differed significantly between the farming practices as 100 per cent organic practice (FP1: 604 kg ha-1), 50 per cent organic + 50 per cent inorganic (FP3: 552 kg ha-1) and conventional practice (FP6: 548 kg ha-1) registered significantly higher grain yield per hectare and was on par with 100 per cent inorganic 
practice (FP5: 514 kg ha-1) (Table 2). 

3.1.2.2 Soybean: Seed yield per hectare differed significantly between the farming practices as conventional practice (FP6: 752 kg ha-1) registered significantly higher seed yield per hectare and was on par with 100 per cent organic practice (FP1: 710 kg ha-1) and 50 per cent organic + 50 per cent inorganic (FP3: 692 kg ha-1) (Table 2). 

3.1.2.3 Groundnut: Pod yield per hectare varied significantly between the farming practices as  50 per cent organic + 50 per cent inorganic (FP3: 1046 kg ha-1) and 100 per cent organic practice (FP1: 1045 kg ha-1) registered significantly higher pod yield per hectare compared to all other treatments except it was on par with conventional practice (FP6: 1006 kg ha-1) (Table 2). 

3.1.3 Yield of cotton: 
Among various treatment combinations, cotton + greengram with conventional practice (FP6CS1: 1326 kg ha-1) recorded significantly higher seed cotton yield per hectare compared to all other treatments (Table 1) except it was on par with cotton + greengram with 100 per cent organic (FP1CS1: 1145 kg ha-1) and with 50 per cent organic + 50 per cent inorganic (FP3CS1: 1176 kg ha-1) as well as cotton + soybean with conventional practice (FP6CS2: 1190 kg ha-1). The variation in seed cotton yield due to various farming practices and intercrops was attributed to a positive association between yield and yield contributing characters

3.1.4 Yield of intercrops under cotton:

3.1.4.1 Greengram: Grain yield per hectare differed significantly between the farming practices as 100 per cent organic practice (FP1: 582 kg ha-1) registered significantly higher grain yield compared to all other treatments except it was on par with conventional practice (FP6: 523 kg ha-1) and 50 per cent organic + 50 per cent inorganic practice (FP3: 508 kg ha-1) (Table 2). 

3.1.4.2 Soybean: Seed yield per hectare varied significantly between the farming practices as conventional practice (FP6: 679 kg ha-1) registered significantly higher seed yield per hectare compared to all other treatments except was on par with 50 per cent organic + 50 per cent inorganic practice (FP3: 654 kg ha-1) and 100 per cent organic practice (FP1: 603 kg ha-1) (Table 2). 

3.1.5 Pigeonpea equivalent yield: 
The farming practices and intercropping systems differed significantly with respect to pigeonpea equivalent yield (Table 3). Pigeonpea + groundnut cropping system with conventional practice (FP6CS3: 2094 kg ha-1) and with 100 per cent organic practice (FP1CS3: 2057 kg ha-1) registered significantly higher pigeonpea grain equivalent yield compared to all other treatments except it was on par with pigeonpea + groundnut with 50 per cent organic + 50 per cent inorganic (FP3CS3: 1980 kg ha-1) and pigeonpea + greengram with conventional practice (FP6CS1:1909 kg ha-1). The superiority of the treatments was attributed to higher seed yields of component crops owing to optimum nutrient availability as a result of collective application of organic manures and inorganic fertilizers as well as compatibility of system for efficient utilization of nutrients coupled with higher price of both main and intercrop helped in getting higher pigeonpea equivalent yield. Similar results were obtained by Jayashree et al., (2016) and Singh and Srivastava (2018).

3.2 Economics

3.2.1 Net returns without 20 % premium price to organic produce: 
Interactions of farming practices and intercropping systems showed that significantly higher net returns was recorded in pigeonpea + groundnut with conventional practice (107249 ha-1) and was on par with pigeonpea + greengram (99803 ha-1) and cotton + greengram (93667 ha-1) with conventional practice (Table 4). Similar results were obtained by Singh and Abraham (2017), Pawara and Wadile (2018), Yadav et al. (2021) and Babalad et al. (2022).

3.2.2 Net returns with 20 % premium price to organic produce:
Among different treatment combinations, pigeonpea + groundnut with 100 per cent organic practice recorded significantly higher net returns (120927 ha-1) over rest of the treatments except pigeonpea + groundnut with conventional practice (107249 ha-1) which recorded on par net returns (Table 5). The increased net returns in the above mentioned treatments was due to higher productivity, lower cost of cultivation coupled with higher sale price of component crops. Similar results were obtained by Singh and Srivastava (2018), Kumar and Kushwaha (2018) and Babalad et al. (2022). 	Comment by hp: refer only symbol of the treatments in the RESULTS AND DISCUSSION section

4. CONCLUSION

It can be concluded that following pigeonpea + greengram and pigeonpea + groundnut with conventional practice is more productive as well as profitable. Next best practices would be pigeonpea + greengram and pigeonpea + groundnut with 100 per cent organic practice and 50 per cent organic + 50 per cent inorganic practice if premium price is assured for organic produce. Bearing in mind the rejuvenation of soil, environmental protection and nutritious food following organic practice would be more appropriate.










Table 1: Yield of main crops pigeonpea and cotton per hectare (kg ha-1) as influenced by different farming practices and intercrops
	Treatments	Comment by hp: Provide detailed name of treatments in this column here only
	Grain yield (kg ha-1) of pigeonpea
	Seed cotton yield (kg ha-1)

	Farming practices

	FP1
	1085ab
	1027b

	FP2
	780cd
	686c

	FP3
	1056ab
	1087ab

	FP4
	702d
	679c

	FP5
	921bc
	937b

	FP6
	1177a
	1258a

	Cropping systems

	CS1
	1109a
	1011a

	CS2
	751c
	880a

	CS3
	1000b
	-

	Interaction (FP×CS)

	FP1CS1	
	1233b
	1145a-c

	FP1CS2
	864de
	909d

	FP1CS3
	1157bc
	-

	FP2CS1
	890de
	707ef

	FP2CS2
	614hi
	665f

	FP2CS3
	836d-f
	-

	FP3CS1
	1236b
	1176a-c

	FP3CS2
	854def
	997cd

	FP3CS3
	1079c
	-

	FP4CS1
	809ef
	695ef

	FP4CS2
	556i
	663f

	FP4CS3
	741fg
	-

	FP5CS1
	1132bc
	1016b-d

	FP5CS2
	681gh
	857de

	FP5CS3
	950d
	-

	FP6CS1
	1355a
	1326a

	FP6CS2
	938d
	1190ab

	FP6CS3
	1237b
	-

	SoV
	S.Em ±
	S.Em ±

	FP
	0.39
	39.84

	CS
	0.30
	21.54

	FP × CS
	0.89
	59.49




Table 2: Yield of intercrops as influenced by different farming practices	Comment by hp: Alphabets alont the data should be in superscript form and mention at the bottom of the table, what these indicate
	Treatments

	Grain/Seed yield (kg ha-1) of intercrops under pigeonpea
	Grain/Seed yield (kg ha-1) of intercrops under cotton

	Greengram 

	FP1
	604a
	582a

	FP2
	458b
	458bc

	FP3
	552a
	508ab

	FP4
	426b
	411c

	FP5
	514ab
	479bc

	FP6
	548a
	523ab

	S.Em ±
	23.98
	22.76

	Soybean

	FP1
	710ab
	603a-c

	FP2
	591cd
	522cd

	FP3
	692 a-c
	654ab

	FP4
	571d
	489d

	FP5
	624 b-d
	563b-d

	FP6
	752a
	679a

	S.Em ±
	29.76
	26.68

	Groundnut

	FP1
	1045a
	-

	FP2
	871bc
	-

	FP3
	1046a
	-

	FP4
	803c
	-

	FP5
	941a-c
	-

	FP6
	1006ab
	-

	S.Em ±
	43.85
	-



Table 3:  Pigeonpea equivalent yield (kg ha-1) influenced by different farming practices and intercropping systems	Comment by hp: kg ha-1
	Pigeonpea equivalent yield (kg ha-1)

	Treatments
	CS1
	CS2
	CS3
	CS4
	CS5
	Mean

	FP1
	1844b-d	Comment by hp: Alphabets should be super scribed and defined at the bottom of the table
	1358h-j
	2057a
	1710c-e
	1311h-k
	1656a

	FP2
	1353h-j
	1025m
	1586e-g
	1152j-m
	1014m
	1226bc

	FP3
	1795b-e
	1334h-j
	1980ab
	1669de
	1434g-i
	1642a

	FP4
	1240i-l
	953m
	1432g-i
	1093lm
	989m
	1141c

	FP5
	1652d-f
	1114k-m
	1760c-e
	1233i-l
	1233i-l
	1398b

	FP6
	1909a-c
	1461f-h
	2094a
	1833b-d
	1643d-f
	1788a

	Mean
	1632ab
	1207c
	1818a
	1448a-c
	1270bc
	

	SoV
	S.Em ±

	FP
	20.49

	CS
	43.44

	FP x CS
	64.29


 Table 4:  Net returns as influenced by different farming practices and intercropping systems

	Net returns (  ha-1)

	Treatments
	CS1
	CS2
	CS3
	CS4
	CS5
	Mean

	FP1
	70962e-g	Comment by hp: Superscribe all alphabets in all the tables
	41002jk
	90077bc
	70077e-g
	44164i-k
	63256b

	FP2
	44071i-k
	22036l
	60093f-h
	33070kl
	23666l
	36587c

	FP3
	77107c-e
	43688i-k
	89559bc
	72496d-f
	56420g-i
	67854b

	FP4
	41369i-k
	20758l
	52651h-j
	32277kl
	23753l
	34161c

	FP5
	86176b-d
	42935i-k
	88098bc
	73326d-f
	52134h-j
	68534b

	FP6
	99803ab
	63063e-h
	107249a
	93667ab
	76633c-e
	88083a

	Mean
	69914ab
	38914c
	81287a
	62485a-c
	46128bc
	

	SoV
	S.Em ±

	FP
	1608

	CS
	3086

	FP x CS
	4523




Table 5: Net returns as influenced by different farming practices and intercropping systems with 20% premium price to organic produce

	Net returns (  ha-1)

	Treatments
	CS1
	CS2
	CS3
	CS4
	CS5
	Mean

	FP1
	98613b-d
	61362gh
	120927a
	95729b-d
	63818gh
	88090a

	FP2
	64364gh
	37400j-l
	83880d-f
	50346h-j
	38870jk
	54972b

	FP3
	77107e-g
	43688i-k
	89559c-e
	72496fg
	56420hi
	67854b

	FP4
	41369i-k
	20758m
	52651h-j
	32277k-m
	23753lm
	34161c

	FP5
	86176c-f
	42936i-k
	88098c-f
	73326fg
	52134h-j
	68534b

	FP6
	99803bc
	63063gh
	107249ab
	93667b-d
	76633e-g
	88083a

	Mean
	77905ab
	44868c
	90394a
	69640a-c
	51938bc
	

	SoV
	S.Em ±

	FP
	1876

	CS
	3337

	FP x CS
	4710
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