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NUTRIENT MANAGEMENT AND ECONOMIC ANALYSIS OF SWEET CORN-BASED VEGETABLE INTERCROPPING SYSTEMS FOR SUSTAINABLE AGRICULTURE

ABSTRACT
This research examined nutrient management approaches in sweet corn (Zea mays L. saccharata) intercropped with vegetables during the rabi season of 2020 at S.V. Agricultural College, Tirupati, Andhra Pradesh. The study employed a split-plot design with three intercropping combinations (sweet corn with knol khol, radish and onion) as main plots and four fertilizer levels (100% RDF for sweet corn only, 100% RDF for sweet corn plus 75%, 50% and 25% RDF for the intercrop) as sub-plots, with three replications. Findings revealed that intercropping sweet corn with radish, combined with 100% RDF for sweet corn and 75% RDF for radish, produced the highest gross returns (₹3,09,586 ha-1), net returns (₹2,42,225 ha-1) and benefit-cost ratio (4.59). 
Keywords: Sweet corn, intercropping, nutrient management, vegetable crops, economic analysis, sustainable agriculture.
1. INTRODUCTION
	India's rapidly expanding population and shrinking arable land necessitate sustainable agricultural intensification to address the growing demand for food and nutritional security (Godfray 2010). The challenge of increasing crop yields per unit area while safeguarding soil health is paramount in contemporary agriculture (Tilman et al. 2011). Intercropping, the simultaneous cultivation of multiple crops in the same field, presents a viable approach to optimize resource utilization, enhance productivity and sustain soil fertility (Lithourgidis et al. 2011). By capitalizing on synergistic crop interactions, intercropping improves land use efficiency, minimizes nutrient losses and reduces weed and pest pressures, thereby fostering sustainable farming practices (Vandermeer 1989; Brooker et al. 2015). Maize (Zea mays L.) is the third most significant cereal crop worldwide and in India, spanning 9.2 million hectares with a national yield of 27.8 million tonnes and 3.01 lakh hectares in Andhra Pradesh producing 21.21 lakh tonnes (Indiastat 2020). Sweet corn (Zea mays L. saccharata), a specialized variant developed for elevated sugar content through a recessive genetic mutation affecting sugar-to-starch conversion, has gained prominence as a vegetable crop (Lertrat and Pulam 2007). Harvested during the milky stage, it is consumed fresh, roasted, boiled or processed (canned or frozen), commanding high market prices in urban areas (Tracy, 2001). The green fodder byproduct post-cob harvest further enhances its economic value for livestock feed (Singh et al. 2018). Rich in sugars, dietary fiber, vitamins (C, beta-carotene, niacin) and minerals (calcium, potassium), sweet corn is increasingly favored by health-conscious Indian consumers (Organic Facts, 2020).
	The upright growth, single-stem structure and short growth cycle of sweet corn make it well-suited for intercropping with vegetables like knol khol (Brassica oleracea var. gongylodes), radish (Raphanus sativus) and onion (Allium cepa) (Willey 1979; Seran and Brintha 2010). These vegetables, valued for their nutritional content including vitamins, minerals and fiber, complement sweet corn by efficiently using inter-row spaces and minimizing competition for light and nutrients (Hauggaard-Nielsen et al. 2009). Knol khol, a cool-season crop, supplies antioxidants and fiber; radish provides proteins and minerals; and onion, a nutrient-rich staple, enhances dietary diversity (USDA 2020). Intercropping these crops with sweet corn maximizes land use, boosts nutrient efficiency and increases economic returns, particularly in peri-urban settings (Ofori and Stern 1987). Effective nutrient management is critical in intercropping systems, as nutrient uptake patterns differ from monocultures due to diverse rooting systems and growth cycles (Marschner 2012). Tailoring fertilizer applications is essential to optimize yields and reduce waste, promoting sustainability (Hossain et al. 2016). Research indicates that intercropping can improve nutrient use efficiency up to 20% compared to sole cropping, driven by complementary root architectures and reduced nutrient leaching (Naik et al. 2017). This research investigates nutrient management strategies in sweet corn-based vegetable intercropping systems during the rabi season of 2020 at S.V. Agricultural College, Tirupati, Andhra Pradesh. The study aims to evaluate the performance of sweet corn intercropped with knol khol, radish and onion under varying fertilizer regimes, identify optimal nutrient levels and assess economic benefits. The findings seek to advance sustainable agricultural practices in southern India, supporting food security and farmer prosperity.
2. MATERIALS AND METHODS
	The experiment was carried out at the wetland farm of S.V. Agricultural College, Tirupati, located at 13.5°N latitude, 79.5°E longitude and an elevation of 182.9 m above mean sea level, within the Southern Agro-Climatic Zone of Andhra Pradesh. The crop growth period, spanning from November 7, 2020 to March 4, 2021, experienced average maximum temperatures of 29.6°C (ranging from 27.3°C to 33.4°C), minimum temperatures of 19.4°C (14.9°C to 22.9°C), relative humidity of 70.8% (57.0% to 87.2%), daily bright sunshine hours averaging 5.9 (1.6 to 9.2 hours), daily evaporation of 3.9 mm (1.4 to 7.4 mm) and a total rainfall of 414 mm across 20 days. These conditions were consistent with long-term decennial averages for the region. Soil samples collected from the top 0–30 cm revealed a sandy clay loam texture (33.8% coarse sand, 43.2% fine sand, 5.1% silt, 17.9% clay), with a neutral pH of 6.8, electrical conductivity of 0.64 dS m⁻¹, low organic carbon (0.21%), available nitrogen (152 kg ha⁻¹), medium available phosphorus (33 kg P₂O₅ ha⁻¹) and medium available potassium (216 kg K₂O ha⁻¹). The study adopted a split-plot design with three replications. Main plots consisted of three intercropping systems: I₁ (sweet corn + knol khol, 1:1), I₂ (sweet corn + radish, 1:1) and I₃ (sweet corn + onion, 1:1). Sub-plots comprised four nutrient levels: N₁ (100% recommended dose of fertilizer [RDF] for sweet corn only), N₂ (100% RDF for sweet corn + 75% RDF for intercrop), N₃ (100% RDF for sweet corn + 50% RDF for intercrop) and N₄ (100% RDF for sweet corn + 25% RDF for intercrop). The RDF’s were: sweet corn (120:60:50 kg N:P₂O₅:K₂O ha⁻¹), knol khol (100:60:60 kg N:P₂O₅:K₂O ha⁻¹), radish (50:100:50 kg N:P₂O₅:K₂O ha⁻¹) and onion (80:50:80 kg N:P₂O₅:K₂O ha⁻¹). Plot dimensions were 6.0 × 5.0 m (gross) and 3.6 × 4.2 m (net). Sweet corn was spaced at 60 × 20 cm, with intercrops sown in inter-row spaces at 15 cm intra-row spacing. The sweet corn variety ‘Sweet gold-99’ (80–90 days, 160–170 cm, 66,000 cobs ha⁻¹) was used. Intercrop varieties included ‘Indam Early White’ knol khol (80–85 days, 150–200 q ha⁻¹), ‘Chetki Long’ radish (40–45 days, 100–150 q ha⁻¹) and ‘KP Onion’ (115–120 days, 40–50 q ha⁻¹). Field preparation involved two ploughings, harrowing and leveling. Sowing was done on November 7, 2020, with one sweet corn seed per hill and direct sowing for intercrops. Fertilizers were applied as per treatments: half of the nitrogen and full phosphorus and potassium were applied as basal dose, with the remaining nitrogen applied at 30 days after sowing (DAS) via band placement. Thinning and gap filling were performed at 10–15 DAS to ensure uniform plant stand. Weeding and earthing-up were conducted at 15 and 30 DAS. Irrigation was applied as needed following an initial pre-sowing irrigation. Pest management included spraying emamectin benzoate (5 g L⁻¹) at 20 DAS and chlorantraniliprole (0.4 mL L⁻¹) at 40 DAS for sweet corn to control fall armyworm and imidacloprid (0.5 mL L⁻¹) at 55 DAS for intercrops to manage thrips. Data were analyzed using analysis of variance (ANOVA) following the methodology of Panse and Sukhatme (1985), with statistical significance tested at a 5% probability level. Critical differences were calculated for significant F-test results to compare treatment means.
3. RESULTS
	The economic parameters, including gross returns, net returns and benefit-cost (B:C) ratio of sweet corn-based vegetable intercropping systems, as influenced by intercropping and nutrient levels, are presented in Table 1. The interaction effects are detailed in Tables 2, 3 and 4.
3.1 EFFECT OF INTERCROPPING
	Among the intercropping systems, sweet corn + radish (I2) recorded significantly higher gross returns (₹ 3,09,586 ha-1), net returns (₹ 2,42,225 ha-1) and B:C ratio (4.59) compared to sweet corn + knolkhol (I1) and sweet corn + onion (I3) (Table 1). Sweet corn + knolkhol (I1) followed with gross returns of ₹ 2,76,105 ha-1, net returns of ₹ 2,08,813 ha-1 and B:C ratio of 4.10. The lowest values were observed in sweet corn + onion (I3) with gross returns of ₹ 1,83,828 ha-1, net returns of ₹ 1,17,571 ha-1 and  B:C ratio of 2.77. 
3.2 EFFECT OF NUTRIENT LEVELS
	The application of 100% Recommended Dose of Fertilizer (RDF) to sweet corn + 75% RDF to the intercrop (N2) resulted in significantly higher gross returns (₹ 2,98,634 ha-1), net returns (₹ 2,29,919 ha-1) and B:C ratio (4.34) compared to other nutrient levels (Table 1). This was followed by 100% RDF to sweet corn + 50% RDF to the intercrop (N3) with gross returns of ₹ 2,52,534 ha-1, net returns of ₹ 1,84,983 ha-1 and B:C ratio of 3.73. The treatment with 100% RDF to sweet corn + 25% RDF to the intercrop (N4) recorded gross returns of ₹ 2,49,625 ha-1, net returns of ₹ 1,83,236 ha-1 and B:C ratio of 3.75, which was statistically similar to N3. The lowest values were observed in N1 (100% RDF to sweet corn alone) with gross returns of ₹ 2,25,233 ha-1, net returns of ₹ 1,60,007 ha-1, and a B:C ratio of 3.45. 
3.3 INTERACTION EFFECT OF INTERCROPPING AND NUTRIENT LEVELS
	The interaction between intercropping systems and nutrient levels was significant for gross returns, net returns, and B:C ratio (Tables 2, 3 and 4). For gross returns, the highest value was recorded in sweet corn + radish with 100% RDF to sweet corn + 75% RDF to the intercrop (I2N2: ₹ 3,74,885 ha-1), followed by sweet corn + knolkhol with the same nutrient level (I1N2: ₹ 3,24,955 ha-1) (Table 2). The lowest gross returns were observed in sweet corn + onion with 100% RDF to sweet corn alone (I3N1: ₹ 1,78,177 ha-1). The mean gross returns across nutrient levels were highest for I2 (₹ 3,09,586 ha-1) and lowest for I3 (₹ 1,83,828 ha-1). For net returns, I2N2 recorded the highest value (₹ 3,05,737 ha-1), while I3N1 had the lowest (₹ 1,13,651 ha-1) (Table 3). The mean net returns were highest in I2 (₹ 2,42,225 ha-1) and lowest in I3 (₹ 1,17,571 ha-1). For the B:C ratio, the highest value was observed in I2N2 (5.42), followed by I1N2 (4.71), while the lowest was in I3N3 (2.72) (Table 4). The mean B:C ratios followed the order I2 (4.59) > I1 (4.10) > I3 (2.77). 
4. DISCUSSION
	The superior economic performance of sweet corn + radish intercropping (I2) can be attributed to higher marketable yields of both sweet corn and radish, coupled with efficient resource utilization, leading to elevated gross and net returns as well as a higher B:C ratio. These findings are consistent with those of Kumar et al. (2018), who reported higher economic returns in sweet corn intercropped with radish due to its rapid growth and high yield potential. In contrast, sweet corn + onion (I3) exhibited lower returns. The poor performance of onion intercropping may be linked to its longer growth duration and susceptibility to shading by sweet corn, leading to reduced bulb yields, as observed by Patel et al. (2019). Sweet corn + knolkhol (I1) showed intermediate performance, likely due to moderate yields and compatibility with sweet corn, as noted in nutrient-managed intercropping studies by Sharma et al. (2020). The application of 100% RDF to sweet corn + 75% RDF to the intercrop (N2) optimized economic parameters by ensuring adequate nutrition for both crops without excessive input costs, thereby maximizing net returns and B:C ratio. Lower nutrient applications to intercrops (N3 and N4) resulted in comparable but slightly reduced performance, suggesting a threshold beyond which additional fertilizers do not proportionally increase yields. The application of fertilizers solely to sweet corn (N1) resulted in lower performance, highlighting the necessity of balanced nutrient supply to support intercrop productivity. Comparable interaction effects were observed by Reddy et al. (2016) and Joshi et al. (2022), who found that balanced fertilizer application to both crops in sweet corn-based systems with leafy and root vegetables led to superior B:C ratios. 
5. CONCLUSION
	The study demonstrates that sweet corn intercropped with radish, combined with 100% RDF to sweet corn and 75% RDF to the intercrop, offers the highest economic returns, with gross returns of ₹3,74,885 ha⁻¹, net returns of ₹3,05,737 ha⁻¹, and a B:C ratio of 5.42. This system maximizes productivity and profitability due to efficient resource use and crop complementarity. Sweet corn + onion intercropping was the least economically viable due to resource competition and lower yields. Balanced nutrient management significantly enhances system performance, with reduced fertilizer application to intercrops showing diminishing returns. Farmers are recommended to adopt sweet corn + radish intercropping with optimal nutrient levels for sustainable and profitable vegetable production.
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Table 1. Economics of sweet corn based vegetable intercropping systems as influenced by intercropping and nutrient levels
	Treatments
	Gross retuns
(₹ ha-1)
	Net returns
(₹ ha-1)
	B:C ratio

	Intercropping

	I1 : Sweet corn +  Knolkhol
	276105
	208813
	4.10

	I2 : Sweet corn + Radish
	309586
	242225
	4.59

	I3 : Sweet corn + Onion
	183828
	117571
	2.77

	SEm±
	2665.3
	2665.3
	0.041

	CD(P=0.05)
	10465
	10465
	0.16

	Nutrient levels

	N1 : 100 % RDF to sweet corn alone
	225233
	160007
	3.45

	N2 : 100 % RDF to sweet corn + 75 % RDF to intercrop
	298634
	229919
	4.34

	N3 : 100 % RDF to sweet corn + 50 % RDF to intercrop
	252534
	184983
	3.73

	N4 : 100 % RDF to sweet corn + 25 % RDF to intercrop
	249625
	183236
	3.75

	SEm±
	3077.1
	3077.1
	0.045

	CD(P=0.05)
	9142
	9142
	0.13

	Intercropping (I) x Nutrient levels (N)

	I at same level of  N

	SEm±
	5330.0
	5330.0
	0.08

	CD(P=0.05)
	15836
	15836
	0.2

	N at same level of  I

	SEm±
	5329.8
	5329.8
	0.08

	CD(P=0.05)
	15835
	15835
	0.2









Table 2. Interaction effect of intercropping and nutrient levels on gross returns(₹ ha-1) of sweet corn based vegetable intercropping systems
	Interaction

	Treatments 
	Sweet corn +  Knolkhol ( I1)
	Sweet corn +  Radish ( I2)
	Sweet corn +  Onion( I3)
	Mean

	N1
	233624
	263897
	178177
	225233

	N2
	324955
	374885
	196061
	298634

	N3
	266006
	309085
	182512
	252534

	N4
	279832
	290479
	178564
	249625

	Mean
	276105
	309586
	183828
	


	
	SEm±
	CD(P=0.05)

	Intercropping (I)
	2665.3
	10465

	Nutrient levels (N)
	3077.1
	9142

	I at N
	5330.0
	15836

	N at I
	5329.8
	15835













Table 3. Interaction effect of intercropping and nutrient levels on net returns (₹ ha-1) of sweet corn based vegetable intercropping systems
	Interaction

	Treatments
	Sweet corn +  Knolkhol ( I1)
	Sweet corn +  Radish ( I2)
	Sweet corn +  Onion( I3)
	Mean

	N1
	168048
	198321
	113651
	160007

	N2
	255949
	305737
	128071
	229919

	N3
	198143
	241128
	115677
	184983

	N4
	213112
	223713
	112884
	183236

	Mean
	208813
	242225
	117571
	



	
	SEm±
	CD(P=0.05)

	Intercropping (I)
	2665.3
	10465

	Nutrient levels (N)
	3077.1
	9142

	I at N
	5330.0
	15836

	N at I
	5329.8
	15835







Table 4. Interaction effect of intercropping and nutrient levels on B : C of sweet corn based vegetable intercropping systems
	Interaction

	Treatments
	Sweet corn +  Knolkhol ( I1)
	Sweet corn +  Radish ( I2)
	Sweet corn +  Onion( I3)
	Mean

	N1
	3.56
	4.02
	2.76
	3.45

	N2
	4.71
	5.42
	2.88
	4.36

	N3
	3.92
	4.35
	2.72
	3.73

	N4
	4.19
	4.55
	2.73
	3.75

	Mean
	4.10
	4.59
	2.77
	



	
	SEm±
	CD(P=0.05)

	Intercropping (I)
	0.041
	0.16

	Nutrient levels (N)
	0.045
	0.13

	I at N
	0.08
	0.24

	N at I
	0.08
	0.23






