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YIELD DYNAMICS AND ECONOMIC ANALYSIS OF CASTOR-BASED RELAY INTERCROPPING SYSTEM IN RAINFED ALFISOLS 

ABSTRACT
[bookmark: _GoBack]The current field study was carried out at Zonal Agricultural Research Station, UAS, GKVK, Bangalore during Kharif and Rabi season of 2022-23 and 2023-24 to study the feasibility of castor based relay intercropping system in rainfed alfisols of Karnataka. The experiment was laid out in split plot design with four main-plot treatments (cropping geometry with fingermillet intercropping), four sub-plot treatments (followed relay intercropping), with 16 interaction treatments and also considered sole cropping to assess the intercropping indices. The outcome of study disclosed that wider paired row planting of castor (60-240 cm x 45 cm) with fingermillet intercropping followed by fieldbean relay intercropping system has found significantly higher seed, stalk and oil yield of castor (1446, 2636 and 664 kg ha-1, respectively), along with superior castor equivalent yield (2881 kg ha-1), land use efficiency (167.20%), system productivity (13.72 kg ha-day-1), net returns (96596 ₹ ha-1) and relative economic efficiency (153.50%) compared to other relay intercropping systems. This system proved most effective and profitable.
Keywords: Castor, Relay, Intercropping, Productivity, Use efficiency and Economics 
1 INTRODUCTION 
Sustainable agriculture in rainfed regions remains a major challenge due to erratic rainfall patterns, declining soil fertility and sub-optimal resource utilization. In such regions, intercropping has emerged as a key strategy to improve land productivity, stabilize yields and enhance economic returns (Saharan et al., 2024). Castor (Ricinus communis L.) is a drought tolerant oilseed crop, is widely cultivated under rainfed conditions and offers considerable potential for integration into diversified cropping systems (Cafaro et al., 2025). Relay intercropping, where a secondary crop is introduced into the standing primary crop at a later stage, allows better temporal and spatial resource use, minimizes competition and ensures continuity of crop cover (Gangadhar, 2021). This system is particularly advantageous in rainfed alfisols, which are characterized by low water-holding capacity, poor nutrient retention and vulnerability to degradation.
The present study focuses on evaluating the yield dynamics and economic viability of castor-based relay intercropping systems under rainfed alfisols conditions. By integrating suitable intercrops like fingermillet, fieldbean, cowpea, greengram, sorghum or horsegram in rainfed conditions with castor, the study aims to optimize land use efficiency, enhance total productivity per unit area and maximize farm profitability (Maitra et al., 2021 and Gangadhar et al., 2023). Special attention is given to identifying ideal crop combinations and planting geometries that promote complementary interactions rather than competitive ones.
Furthermore, the economic analysis provides insights into the cost-effectiveness of various intercropping treatments by assessing net returns, benefit-cost ratio and relative economic efficiency (Meena et al., 2021). The results are expected to aid farmers and policymakers in adopting resilient and economically feasible intercropping strategies, thereby improving livelihood security in semi-arid regions (Dutta and Mandal, 2025). Overall, the study addresses the pressing need for climate-resilient and resource-efficient cropping systems tailored to marginal environments such as rainfed alfisols.
2 MATERIAL AND METHODS
2.1 Description of study area 
The field experiment was conducted during the Kharif and Rabi seasons of 2022–23 and 2023–24 at the Castor Field Unit (K7), ZARS, UASB, GKVK, Bengaluru, located in the Eastern Dry Zone (Zone V) of Karnataka (12°58′N, 77°35′E, 930 m AMSL). The site received 1013.6 mm and 557.8 mm of rainfall during the respective seasons. The soil, classified as red sandy loam (alfisols), was acidic (pH 6.25), low in organic carbon (0.33 %), with an electrical conductivity of 0.33 dS m-1. It had low available nitrogen (256.72 kg ha-1), medium phosphorus (42.69 kg ha-1) and potassium (284.53 kg ha-1). The study aimed to evaluate the feasibility of castor-based relay intercropping systems under rainfed alfisols conditions in Karnataka.
2.2 Treatment details 
The research was laid out in a split-plot design with four main plot treatments representing different cropping geometries involving castor and fingermillet intercropping: G1 (60-240 cm x 45 cm), G2 (45-240 cm x 30 cm), G3 (120 cm x 60 cm) and G4 (90 cm x 60 cm, the recommended practice by UAS, Bengaluru). The subplot treatments comprised four relay intercrops: I1 (fieldbean), I2 (horse gram), I3 (cowpea) and I4 (sorghum), resulting in 16 treatment combinations. Additionally, seven sole cultivations of all crops (C1-C7) were included to assess intercropping advantages.
2.3 Crop details and management practices 
Castor hybrid ICH-66 was sown with a seed rate of 5 kg ha-1 at 4-5 cm depth and fingermillet variety GPU-66 was intercropped at 30 cm x 10 cm spacing with 5 kg ha-1 seed rate. After harvest of fingermillet, relay intercrops (Hebbal avare-4, CRIDA-18R, C-152 and Nirmal NSRR-259) were sown with minimal tillage. Fertilizers were applied based on recommended doses for each crop using urea, single super phosphate and muriate of potash. Fifty percent of nitrogen and the full doses of phosphorus and potassium were applied at sowing, while the remaining nitrogen was top dressed at 30 and 60 DAS in equal splits. The recommended NPK rates (kg ha-1) were: castor (45:45:25), fingermillet (50:40:25), fieldbean, horse gram and cowpea (25:50:25 each), and sorghum (50:25:25). Standard agronomic practices like thinning, weeding and plant protection measures were followed throughout the cropping period to ensure healthy crop growth and accurate treatment assessment.
2.4 Field observations and data analysis 
Yield observations were recorded at harvest by collecting and threshing plants from the net plot, with grain and straw yields expressed per hectare. Seed oil content was determined using a Nuclear Magnetic Resonance (NMR) spectrophotometer and expressed as a percentage. Oil yield is calculated by multiplying oil content with the seed yield of each treatment. 
Castor equivalent yield (₹ ha-1) was calculated by converting intercrop yields into castor seed yield based on prevailing market prices using the following formula (Gangadhar et al., 2025).

Where, Yab and Yba = The yields of castor and intercrop, respectively in intercropping system
 Pa and Pb = Market value of castor and intercrop yield, respectively
Land use efficiency is a measure of how effectively land is utilized under cropping system suggested by Mason, et al.  (1986). It is expressed in terms of percentage (%). It can be estimated by given formula is given below.

Where, LER - Land equivalent ratio of cropping system and ATER - Area time equivalent ratio of cropping system
System productivity indicates how effectively a crop converts resources into dry matter over its growth period. It is calculated as the total dry matter produced divided by the crop duration and is expressed in kg ha-day-1. It can be worked by using the given formula is given below.

Relative economic efficiency measures the percentage change in net returns of intercropping systems compared to sole cropping. It was calculated using the following formula.

Where, NRI - Net returns in intercropping system and NRS - Net returns in sole cropping system
The data were statistically analyzed using a split-plot design as per Panse and Sukhatme (1985). ANOVA was performed and significance was tested using the F-test at the 5 % level (p=0.05). Mean comparisons for main plots, sub-plots and interactions were conducted using Duncan’s Multiple Range Test (DMRT) through the OPSTAT program.
3 RESULTS AND DISCUSSION
3.1 Castor yield and harvest index
The seed yield, stalk yield and harvest index of castor revealed significant variation across treatments as influenced by cropping geometries and relay intercropping systems (Table 1). Among the cropping geometry, the highest seed yield (1442 kg ha-1) and stalk yield (2628 kg ha-1) were recorded under G1 (Paired row planting at 60-240 cm x 45 cm + fingermillet intercropping), which was significantly superior to all other geometries. This was followed by G2 (45-240 cm x 30 cm+ fingermillet), while the lowest seed yield (1241 kg ha-1) and stalk yield (2204 kg ha-1) were observed in G3 (Skipped row planting at 120 cm x 60 cm + fingermillet intercropping). However, the harvest index remained statistically on par across all geometries, ranging between 0.35 and 0.36. In the relay intercropping, fieldbean (I1), horsegram (I2), cowpea (I3) and sorghum (I4) did not show significant differences, with seed yield ranging narrowly between 1331-1341 kg ha-1 and stalk yield between 2405-2432 kg ha-1, indicating all relay intercrops performed similarly under the given castor cropping systems. The interaction effects between cropping geometry and relay intercrops showed that G1 in combination with all four intercrops (I1-I4) consistently produced higher seed yields (1435-1446 kg ha-1) and stalk yields (2599-2663 kg ha-1), clearly outperforming other combinations. Notably, the combination G2 fb I2 yielded 1391 kg ha-1 of seed yield, while G3 and G4 combinations with any intercrop produced significantly lower yields (seed yield < 1300 kg ha-1). The harvest index remained unaffected by interactions, showing no significant differences. When compared to the control plots, sole castor planted at 90 cm x 60 cm (C1) recorded the highest seed yield (1477 kg ha-1) and stalk yield (2777 kg ha-1), which was superior to both intercropping systems and the wider spacing control (C2: 1404 kg ha-1 seed yield and 2632 kg ha-1 stalk yield). These results indicate that while sole castor gave the highest absolute yields, paired row planting (especially G1) with any of the relay intercrops can be a viable alternative under rainfed conditions without compromising much on productivity, and with added benefits of intercrop produce and system resilience.
Paired row planting of castor significantly improved seed and stalk yield (Table 1) due to better access to light, space, nutrients and moisture, minimizing intra-plant competition. In contrast, closer spacing increased competition, reducing growth and dry matter accumulation (Gangadhar et al., 2022). Intercropping castor with legumes in paired rows further enhanced yield, likely due to nitrogen fixation, leaf litter contribution, improved soil moisture and reduced evaporation. These findings align with Veeramani et al. (2024). However, harvest index remained unaffected across treatments, likely due to its genetic control, as noted by Keshavamurthy and Yadav (2019).
3.2 Oil content and oil yield of castor
The results revealed that cropping geometry and relay intercropping systems significantly influenced oil yield of castor, though oil content remained statistically similar across treatments (Table 2). The oil content of castor was ranging narrowly between 45.50% and 45.81% across main plot treatments and 45.63% to 45.81% across subplots. Among the main plot treatments, the highest oil yield (656 kg ha-1) was recorded under paired row planting of 60-240 cm x 45 cm with fingermillet intercropping (G1), which was significantly superior to other geometries, while the lowest oil yield (568 kg ha-1) was observed in skipped row planting of 120 cm x 60 cm with fingermillet intercropping (G3). Among subplots, different relay intercrops (fieldbean, horsegram, cowpea and sorghum) did not significantly affect oil content or oil yield, with all treatments statistically at par and oil yield ranging between 607 and 612 kg ha-1. Interaction effects revealed significant differences in oil yield, where G1 paired with fieldbean (G1 fb I1) produced the highest oil yield (664 kg ha-1), followed by G1 fb I2 (658 kg ha-1), while the lowest yield (564 kg ha-1) was recorded in G3 fb I3. The control treatments showed that sole castor under 90 cm x 60 cm (C1) recorded the highest oil content (47.69 %) and oil yield (704 kg ha-1), significantly outperforming all intercropped treatments, while sole castor at 120 cm x 60 cm spacing (C2) yielded lower oil content (46.23%) and oil yield (649 kg ha-1), though still superior to many intercropping combinations. This indicates that although intercropping has minimal impact on oil content, it can slightly reduce oil yield compared to sole cropping, with paired-row geometry combined with fieldbean intercropping offering the best compromise in intercropped systems.
Oil content in castor is a hereditary trait and remains unaffected by production practices, aligning with findings by Yadav et al. (2018) and Anbarasu et al. (2018). However, higher oil yield was recorded under the paired row planting system and fieldbean relay intercropping (Table 2), likely due to increased seed yield and oil content. A significant positive correlation between oil yield and seed yield, as also reported by Mohsin et al. (2018) and Ikeh et al. (2024).
3.3 System equivalent yield 
The castor equivalent yield was significantly influenced by the cropping geometry (Table 3), wherein the highest system yield (2868 kg ha-1) was recorded with G1 (paired row planting of castor at 60-240 cm x 45 cm + fingermillet intercropping), which was significantly superior to other geometries. This was followed closely by G2 (paired row planting of castor at 45-240 cm x 30 cm + fingermillet intercropping) and G4 (skipped row planting of castor at 90 cm x 60 cm + fingermillet intercropping), which yielded 2844 and 2840 kg ha-1, respectively, while the lowest yield was observed under G3 (skipped row planting of castor at 120 cm x 60 cm + fingermillet intercropping) with 2805 kg ha-1. Among the subplots, different relay intercrops (fieldbean, horsegram, cowpea and sorghum) did not differ significantly from each other, with yields ranging between 2836-2845 kg ha-1. Interaction effects between cropping geometry and relay intercropping systems showed significant effect on castor equivalent yield. The combination of G1 with fieldbean relay intercropping (G1 fb I1) recorded the highest castor equivalent yield (2881 kg ha⁻¹), which was significantly superior to most combinations. Other high-performing combinations included G1 fb I4 (2868 kg ha-1) and G1 fb I3 (2863 kg ha-1), whereas the lowest yields were observed in G3 fb I2 (2801 kg ha-1) and G3 fb I4 (2800 kg ha-1), indicating that G3 was less suitable for maximizing castor equivalent yield regardless of the intercrop. In contrast, control plots with sole castor cropping recorded significantly lower yields, with C1 (90 cm x 60 cm) and C2 (120 cm x 60 cm) yielding only 1477 and 1404 kg ha-1, respectively underscoring the yield advantage of castor-based relay intercropping systems over sole cropping under rainfed alfisols conditions.
Paired row planting of castor with fingermillet and fieldbean intercropping recorded the higher castor equivalent yield (Table 3), attributed to greater biomass production, efficient resource use, higher intercrop yields and minimal reduction in castor yield. Market prices also influenced equivalent yield outcomes. These findings align with previous studies by Ramachandrappa et al. (2016), Gangadhar et al. (2023) and Veeramani et al. (2024), who reported improved CEY under various castor and legume-based intercropping systems in rainfed conditions.
3.4 Land use efficiency and system productivity 
The results of the study revealed significant variations in land use efficiency (LUE) and system productivity due to different cropping geometries and relay intercropping treatments (Table 3). Among the main plot treatments, the highest land use efficiency (166.39 %) and system productivity (13.66 kg ha-day-1) were recorded under paired row planting of castor (G1: 60-240 cm x 45 cm) with fingermillet intercropping, followed by G2 and G4 geometries, while the lowest values (160.51 % and 13.36 kg ha-day-1) were observed in skipped row planting of castor (G3: 120 cm x 60 cm) with fingermillet intercropping. Although system productivity did not differ significantly among cropping geometries, whereas showed notable differences. In subplot relay intercropping treatments, all four legumes (I1: fieldbean, I2: horsegram, I3: cowpea and I4: sorghum) performed similarly, with I2 (horsegram) slightly superior in LUE (163.79 %) and I4 (sorghum) in system productivity (13.55 kg ha-day-1). Interaction effects further emphasized the advantage of paired row planting combined with fieldbean (G1 fb I1), which recorded the higher LUE (167.20 %) and system productivity (13.72 kg ha-day-1). Conversely, the lowest performance was observed in G3 fb I4, with LUE (160.20 %) and system productivity (13.33 kg ha-day-1). When compared to control plots (C1: sole castor 90 cm x 60 cm and C2: sole castor 120 cm x 60 cm), all intercropped systems showed significantly higher land use efficiency and productivity, as the controls recorded substantially lower LUE (100.00 and 100.00 %, respectively) and productivity (7.03 and 6.68 kg ha-day-1, respectively), highlighting the advantage of intercropping over sole cropping systems in enhancing land use efficiency and system output.
Paired row planting of castor with fingermillet intercropping followed by fieldbean as a relay crop (Table 3) recorded significantly higher land use efficiency and production efficiency compared to sole castor and other intercropping systems. This system utilized land 67.2% more effectively, likely due to the extended growth period of component crops. Enhanced efficiency was attributed to better resource utilization of light, space, water and nutrients leading to increased biomass production. These findings align with previous studies by Saileela et al. (2019) and Gangadhar et al. (2024).
3.5 Economics of cropping system
The economic evaluation of different cropping geometries and relay intercropping systems revealed significant variations in net returns and relative economic efficiency (Fig. 1 and 2). Among the main plot treatments, the paired row planting system G1 (60-240 cm x 45 cm) with fingermillet intercropping system recorded the higher net returns (94973 ₹ ha-1) and relative economic efficiency (149.11 %), followed by G3 and G4 with comparable performance (90506 and 90250 ₹ ha-1, respectively), while G2 (45-240 cm x 30 cm) with fingermillet intercropping system showed the lowest values (87749 ₹ ha-1 and 130.46 %). In the sub-plot relay crops, although the differences were statistically non-significant, fieldbean (I1) resulted in the higher net returns (91837 ₹ ha-1) and economic efficiency (141.22 %), closely followed by horsegram (I2), sorghum (I4) and cowpea (I3). The interaction between cropping geometry and relay crops indicated that the combination of G1 with fieldbean (G1 fb I1) produced the higher economic output with 96596 ₹ ha-1 net return and 153.50 % relative economic efficiency, significantly outperforming other combinations. In contrast, the G2 combinations, particularly with cowpea (G2 fb I3), showed lower economic returns (86413 ₹ ha-1) and efficiency (127.42 %). On the contrary, the control treatments involving sole castor (C1: 90 cm x 60 cm and C2: 120 cm x 60 cm) resulted in significantly lower net returns of 39092 ₹ ha-1 and 38008 ₹ ha-1 with corresponding relative efficiencies of 0.00 and -2.46 %, respectively, demonstrating the superiority of integrated cropping systems over sole cropping in enhancing farm profitability and resource-use efficiency under rainfed alfisols. 
Paired row planting of castor with fingermillet intercropping followed by fieldbean relay intercropping recorded the higher net returns and relative economic efficiency significantly outperforming sole and other intercropping systems (Fig. 1 and 2). This was attributed to higher yields of component crops, minimal yield reduction in castor and lower cultivation costs. The superiority of castor-based intercropping over sole cropping in terms of profitability is supported by findings from Gangadhar et al. (2023), Kumari and Reddy (2018) and Bhanvadia et al. (2017).
4 CONCLUSION 
The castor grown under wider paired planting (60-240 cm x 45 cm) with fingermillet intercropping system has observed significantly higher castor yield, system productivity and economic returns over other cropping geometry. However, wider planting of castor with fieldbean relay intercropping system performed superior over all other relay intercropping system and sole cultivation of castor. Hence through cultivation of legume-based castor relay intercropping system can increase the farm output for farmer in rainfed alfisols.

Table 1: Performance of different cropping geometry and relay intercropping systems on seed yield (kg ha-1), stalk yield (kg ha-1) and harvest index of castor
	Treatments
	Seed yield
	Stalk yield
	Harvest index

	Main plot: Cropping geometry (G) + fingermillet intercropping

	G1: Paired Row (60-240 cm x 45 cm) + fingermillet
	1442a
	2628a
	0.35a

	G2: Paired Row (45-240 cm x 30 cm) + fingermillet
	1381b
	2517b
	0.36a

	G3: Skipped Row (120 cm x 60 cm) + fingermillet
	1241d
	2204d
	0.36a

	G4: Skipped Row (90 cm x 60cm) + fingermillet
	1276c
	2307c
	0.36a

	S.Em±
	10
	24
	0.01

	Sub plot: Relay intercropping (I)

	I1: Fieldbean
	1333a
	2408a
	0.36a

	I2: Horsegram
	1337a
	2432a
	0.36a

	I3: Cowpea
	1331a
	2405a
	0.36a

	I4: Sorghum
	1341a
	2411a
	0.36a

	S.Em±
	25
	76
	0.01

	Interaction: (GxI)

	G1 fb I1
	1446b
	2636c
	0.36a

	G1 fb I2
	1445b
	2663b
	0.35a

	G1 fb I3
	1435b
	2615de
	0.35a

	G1 fb I4
	1443b
	2599e
	0.36a

	G2 fb I1
	1372e
	2484h
	0.36a

	G2 fb I2
	1391d
	2536g
	0.36a

	G2 fb I3
	1375e
	2485h
	0.36a

	G2 fb I4
	1388d
	2564f
	0.35a

	G3 fb I1
	1248h
	2248l
	0.36a

	G3 fb I2
	1237h
	2210m
	0.36a

	G3 fb I3
	1241h
	2163n
	0.36a

	G3 fb I4
	1240h
	2194m
	0.36a

	G4 fb I1
	1267g
	2265l
	0.36a

	G4 fb I2
	1273g
	2318j
	0.36a

	G4 fb I3
	1273g
	2357i
	0.35a

	G4 fb I4
	1292f
	2287k
	0.36a

	S.Em±
	51
	152
	0.006

	Control plots: (C)

	C1: Sole castor (90 cm x 60 cm)
	1477a
	2777a
	0.35a

	C2: Sole castor (120 cm x 60 cm)
	1404c
	2632cd
	0.35a

	S.Em±
	43
	130
	0.006





Table 2: Effect of cropping geometry and intercropping on oil content (%) and oil yield (kg ha-1) of castor as affected by cropping geometry and relay intercropping system
	Treatments 
	Oil content 
	Oil 
yield 

	Main plot: Cropping geometry (G) + fingermillet intercropping

	G1: Paired Row (60-240 cm x 45 cm) + fingermillet
	45.50a
	656a

	G2: Paired Row (45-240 cm x 30 cm) + fingermillet
	45.76a
	632b

	G3: Skipped Row (120 cm x 60 cm) + fingermillet
	45.73a
	568d

	G4: Skipped Row (90 cm x 60cm) + fingermillet
	45.81a
	585c

	S.Em±
	0.98
	4.79

	Sub plot: Relay intercropping (I)

	I1: Fieldbean
	45.73a
	610a

	I2: Horsegram
	45.81a
	612a

	I3: Cowpea
	45.63a
	607a

	I4: Sorghum
	45.64a
	612a

	S.Em±
	0.79
	11.58

	Interaction: (GxI)

	G1 fb I1
	45.91a
	664b

	G1 fb I2
	45.55a
	658bc

	G1 fb I3
	45.31a
	650d

	G1 fb I4
	45.25a
	653cd

	G2 fb I1
	45.15a
	619f

	G2 fb I2
	45.64a
	635e

	G2 fb I3
	46.26a
	636e

	G2 fb I4
	45.99a
	638e

	G3 fb I1
	45.71a
	571i

	G3 fb I2
	46.12a
	570i

	G3 fb I3
	45.46a
	564i

	G3 fb I4
	45.63a
	566i

	G4 fb I1
	46.14a
	584gh

	G4 fb I2
	45.92a
	585gh

	G4 fb I3
	45.50a
	579h

	G4 fb I4
	45.68a
	590g

	S.Em±
	1.56
	23.16

	Control plots: (C)

	C1: Sole castor (90 cm x 60 cm)
	47.69a
	704a

	C2: Sole castor (120 cm x 60 cm)
	46.23a
	649d

	S.Em±
	1.65
	19.89




Table 3: Influence of cropping geometry and intercropping on castor equivalent yield (CEY), land use efficiency (LUE) and system productivity (SP) of castor based relay intercropping system
	Treatments
	CEY
(kg ha-1)
	LUE 
(%)
	SP 
(kg ha-day-1)

	Main plot: Cropping geometry (G) + fingermillet intercropping

	G1: Paired Row (60-240 cm x 45 cm) + fingermillet
	2868a
	166.39a
	13.66a

	G2: Paired Row (45-240 cm x 30 cm) + fingermillet
	2844b
	164.50ab
	13.54a

	G3: Skipped Row (120 cm x 60 cm) + fingermillet
	2805c
	160.51c
	13.36a

	G4: Skipped Row (90 cm x 60cm) + fingermillet
	2840b
	163.64b
	13.52a

	S.Em±
	29
	1.39
	0.14

	Sub plot: Relay intercropping (I)

	I1: Fieldbean
	2837a
	163.70a
	13.51a

	I2: Horsegram
	2839a
	163.79a
	13.52a

	I3: Cowpea
	2836a
	163.48a
	13.51a

	I4: Sorghum
	2845a
	164.07a
	13.55a

	S.Em±
	31
	1.85
	0.15

	Interaction: (GxI)

	G1 fb I1
	2881a
	167.20a
	13.72a

	G1 fb I2
	2861bc
	166.07ab
	13.62a

	G1 fb I3
	2863bc
	165.86ab
	13.63a

	G1 fb I4
	2868b
	166.41ab
	13.66a

	G2 fb I1
	2831fg
	163.90a-d
	13.48a

	G2 fb I2
	2852c-e
	165.11ab
	13.58a

	G2 fb I3
	2835fg
	163.84a-d
	13.50a

	G2 fb I4
	2858bc
	165.17ab
	13.61a

	G3 fb I1
	2812hi
	160.95cd
	13.39a

	G3 fb I2
	2801i
	160.27d
	13.34a

	G3 fb I3
	2807i
	160.61d
	13.37a

	G3 fb I4
	2800i
	160.20d
	13.33a

	G4 fb I1
	2824gh
	162.74b-d
	13.45a

	G4 fb I2
	2842d-f
	163.72a-d
	13.53a

	G4 fb I3
	2839ef
	163.59a-d
	13.52a

	G4 fb I4
	2853cd
	164.49a-c
	13.59a

	S.Em±
	63
	3.70
	0.3

	Control plots: (C)

	C1: Sole castor (90 cm x 60 cm)
	1477j
	-
	7.03b

	C2: Sole castor (120 cm x 60 cm)
	1404k
	-
	6.68b

	S.Em±
	58
	-
	0.28









 Fig. 1: Economic (net returns) evaluation of various cropping geometry and relay intercropping systems

Fig. 2: Assessment of relative economic efficiency under varying cropping geometries and relay intercropping systems


Note: G1: Paired row planting (60-240 cm x 45 cm) + fingermillet, G2: Paired row planting (45-240 cm x 30 cm) + fingermillet, G3: Skipped row planting (120 cm x 60 cm) + fingermillet and G4: Skipped row planting (90 cm x 60 cm) + fingermillet; I1: Fieldbean, I2: Horsegram, I3: Cowpea and I4: Sorghum; C1: Sole castor (90 cm x 60 cm) and C2: Sole castor (120 cm x 60 cm)

[image: ][image: ]Plate 1: General view of the experimental plot
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Net Returns (₹/ha)	G1	G2	G3	G4	I1	I2	I3	I4	G1 fb I1	G1 fb I2	G1 fb I3	G1 fb I4	G2 fb I1	G2 fb I2	G2 fb I3	G2 fb I4	G3 fb I1	G3 fb I2	G3 fb I3	G3 fb I4	G4 fb I1	G4 fb I2	G4 fb I3	G4 fb I4	C1	C2	Cropping geometry (G)	Relay cropping (I)	Interaction (GxI)	Control (C)	94973	87749	90506	90250	91837	91284	89381	90977	96596	94960	93727	94609	88029	88460	86413	88094	91812	90600	89583	90029	90908	91116	87800	91177	39092	38008	
kg ha-1



Relative economic efficiency	G1	G2	G3	G4	I1	I2	I3	I4	G1 fb I1	G1 fb I2	G1 fb I3	G1 fb I4	G2 fb I1	G2 fb I2	G2 fb I3	G2 fb I4	G3 fb I1	G3 fb I2	G3 fb I3	G3 fb I4	G4 fb I1	G4 fb I2	G4 fb I3	G4 fb I4	C1	C2	Cropping geometry (G)	Relay cropping (I)	Interaction (GxI)	Control (C)	149.11000000000001	130.46	137.38999999999999	137	141.22	139.41	134.71	138.61000000000001	153.5	149.05000000000001	145.91999999999999	147.97	131.68	131.79	127.42	130.94999999999999	140.66999999999999	137.66	134.91999999999999	136.32	139.03	139.16	130.61000000000001	139.21	0	-2.46	
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