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Abstract
 An on-farm trial (OFT) was conducted during the rabi season of 2017–18 under rainfed conditions in the red soil region of Chhotkipoona village, Bargaon, Barka Chumba block of Ramgarh district, Jharkhand, to evaluate the effect of integrated nutrient management (INM) on growth, yield, and economics of cabbage (B. oleracea L. var. capitata) Cv.Pusa Hybrid 1. The experiment was laid out in a randomized block design under farmers’ participatory mode with three nutrient management practices: T₁ (Farmers’ practice) – FYM @ 2 t ha⁻¹ + N₈₀P₄₀K₀, T₂ – FYM @ 10 t ha⁻¹ + N₁₀₀P₄₀K₂₀, and T₃ – Recommended Dose of Fertilizers (RDF: N₁₂₀P₆₀K₆₀) + FYM @ 20 t ha⁻¹. Result revealed that T₃ recorded superior growth parameters, including higher plant height (34.7 cm), number of folded leaves (22.3), head diameter (14.25 cm), head compactness (32.61%), fresh head weight per plant (948 g), early head formation (45 days), and reduced days to maturity (70 days). Consequently, the highest marketable yield (32.01 t ha⁻¹) was obtained under T₃, representing a yield increase of 48.88% over farmers’ practice. Economic analysis indicated that highest B:C ratio (3.45) found in T3 followed by T₂. The lowest yield and economic returns were recorded under farmers’ practice. The improved performance under INM may be attributed to balanced nutrient supply, improved soil physical and biological properties, and enhanced nutrient use efficiency. The study concludes that application of RDF combined with FYM @ 20 t ha⁻¹ is a profitable and sustainable nutrient management strategy for cabbage cultivation under rainfed red soil conditions of Jharkhand. 
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Introduction
Cabbage (B. oleracea var. capitata L.) is one of the most important leafy vegetable crops grown during both kharif and rabi seasons in Jharkhand. Owing to its favourable
 agro-climatic conditions and assured market demand, cabbage is cultivated almost round the year in Ramgarh district, contributing significantly to farmers’ income and nutritional security. Globally, cabbage is grown over an area of about 22 million hectares with a production of nearly 65 million tonnes, while in India it occupies approximately 0.36 million hectares, producing 7.1 million tonnes with an average productivity of 21.5 t ha⁻¹ (FAOSTAT,2022).
In Jharkhand, about 8.5 per cent of the total cultivated area is under vegetable production, with cabbage emerging as a major commercial crop (Directorate of Agriculture, Jharkhand, 2024). Cabbage is recognized as a high nutrient-exhaustive vegetable crop, requiring substantial quantities of nutrients to achieve higher yields and better-quality heads. Therefore, meeting the nutritional demand of cabbage solely through native soil fertility is often inadequate, particularly in the red and light-textured soils of the Eastern Plateau region, necessitating the combined use of chemical fertilizers and organic manures. Recent studies have emphasized that site-specific and customized nutrient management strategies are particularly important for smallholder cabbage production systems, as blanket fertilizer recommendations often fail to optimize nutrient-use efficiency and yield sustainability (Liu et al., 2025).
Organic sources of nutrients such as farmyard manure (FYM) and poultry manure play a vital role in ensuring sustainable vegetable production. These organic inputs not only supply essential macro- and micronutrients but also improve soil physico-chemical and biological properties, leading to enhanced nutrient availability and better crop growth. Integration of farmers’ indigenous knowledge with organic inputs, such as bio-priming and organic amendments, has been shown to improve soil health, microbial activity, and nutrient cycling in cabbage-based systems, particularly in red and alluvial soils (Sarkar and Rakshit, 2023). The nutritional value of cabbage is also noteworthy; per 100 g of fresh leaves, it contains 103 kJ energy, 5.8 g carbohydrates, 36.6 mg vitamin C, and 2.5 g dietary fibre, making it a good source of β-carotene, fibre, and antioxidants (Longvah et al., 2017). The characteristic pungency of cabbage is attributed to the presence of the glucosinolate sinigrin, a sulphur-containing compound with recognized health benefits-promoting properties (Peterson, 2002).
Integrated Nutrient Management (INM), which involves the judicious and balanced application of chemical fertilizers along with organic and biological sources of nutrients, has been reported to exert synergistic effects on crop productivity and soil health. The combined use of inorganic and organic inputs improves nutrient-use efficiency, sustains soil fertility, and enhances crop yields compared to their sole application (Behera et al., 1999, Roy et al., 2006). Evidence from recent research indicates that customized INM approaches tailored to local soil conditions and farmer practices not only increase cabbage yield but also reduce nutrient losses and improve economic returns, making them more suitable for smallholder farming systems (Liu et al., 2025; Sarkar and Rakshit, 2023). In view of the importance of cabbage, its high nutrient demand, and the need for sustainable production practices, the present study was undertaken to evaluate the effect of integrated nutrient management on growth and yield of cabbage under farmers’ participatory conditions in Jharkhand.

Materials and Methods
1. Experimental site and agro-climatic conditions
The field experiment was conducted during the rabi season of 2017–18 under farmers’ field conditions at Chhotkipoona village, Bargaon, Barka Chumba block of Ramgarh district, Jharkhand. The region falls under the Central and North Eastern Plateau of Jharkhand as per the Government of Jharkhand classification and belongs to Agro-climatic Zone VII (Eastern Plateau and Hills), Sub-zone III as classified by the Government of India.
The experimental soil was red and yellowish in colour, coarse-textured with a considerable proportion of sand, resulting in low water-ho
lding capacity. Surface crust formation is common, further restricting moisture availability. The soils are generally low in organic matter content (0.45%), low in available phosphorus (8 kg ha⁻¹), moderate to high in available potassium (134 kg ha⁻¹), measured from the 0–15 cm soil depth before initiation of the experiment. The area experiences erratic and uneven rainfall, poor runoff management, and drying of water-harvesting structures, which together pose major edaphic and climatic constraints to crop production.
The climate of the region is predominantly dry and sub-humid, with an average annual rainfall of about 1344 mm, most of which is received during the monsoon season. During the cropping period, the temperature ranged from 8 to 23°C, while the maximum temperature during summer months occasionally rises up to 40–44°C. Although some fertile patches exist, a large part of the terrain is rocky and gravelly, limiting soil fertility and crop productivity.
Experimental details and treatment structure
[bookmark: _GoBack]The experiment was conducted in farmers’ participatory mode and laid out in a Randomized Block Design (RBD) with three replications. The treatments consisted of different nutrient management practices as follows: 
	Replication
	Plot 
	Treatment

	Block I
	1
	T₁

	
	2
	T₂

	
	3
	T₃

	Block II
	4
	T₂

	
	5
	T₃

	
	6
	T₁

	Block III
	7
	T₃

	
	8
	T₁

	
	9
	T₂



Each experimental plot measured 3.6 m × 5.4 m and accommodated six rows of plants. Seedlings were transplanted at a spacing of 60 cm × 45 cm, resulting in 36 plants per plot.
Crop management and nutrient application
Well-decomposed farmyard manure (FYM) was applied as per treatment before land preparation and thoroughly incorporated into the soil using a cultivator. The entire quantity of phosphorus (P₂O₅) and potassium (K₂O) was applied as basal dose through DAP and muriate of potash, respectively. Nitrogen was applied in two splits: 50 per cent as basal dose at the time of land preparation and the remaining 50 per cent as top dressing at 30 days after transplanting (DAT).
2. Nursery raising and transplanting
Seeds of cabbage were sown on raised nursery beds. After sowing, seeds were covered with a thin layer of soil mixed with FYM to facilitate uniform germination. The nursery beds were irrigated twice daily using a watering can to maintain optimum soil moisture. Twenty-five-day-old healthy and uniform seedlings were selected for transplanting. Prior to transplanting, seedlings were treated with carbendazim (Bavistin) @ 2 g L⁻¹ of water to prevent soil-borne diseases. Light irrigation was provided immediately after transplanting to ensure better establishment.
3. Observations recorded
Observations on growth and yield attributes, including plant height, number of folded leaves, head diameter, head compactness, fresh head weight, days to head formation, days to maturity, and yield, were recorded. Five plants from each plot in every replication were randomly selected, tagged, and used for recording observations.
Head compactness was calculated using the formula suggested by Pearson (1931):
Z=(CW3) ×100Z = \left(\frac{C}{W^3} \right) \times 100Z=(W3C​) ×100 
where
Z=head compactness index,
C = average weight of cabbage head (g),
W = diameter of cabbage head (cm).
Economic analysis and statistical analysis
Economic analysis was carried out based on prevailing input and output prices to compute cost of cultivation, gross returns, net returns, and benefit–cost ratio.
The experimental data were statistically analyzed using standard procedures applicable to Randomized Block Design (RBD). Analysis of variance (ANOVA) was performed following the methods described by Cochran and Cox (1957) and Katyal et al (2011) to test the significance of treatment effects.


Results and Discussion
Quality parameters (Head compactness)
A perusal of the data presented in Table 1 revealed that head compactness of cabbage was significantly influenced by different integrated nutrient management (INM) treatments. Among the treatments, T₃ [RDF (N₁₂₀P₆₀K₆₀) + FYM @ 20 t ha⁻¹] recorded the highest head compactness (32.61%), which was statistically superior to T₁ and at par with T₂ [N₁₀₀P₄₀K₂₀ + FYM @ 10 t ha⁻¹] (29.10%).
The improvement in head compactness under T₃ may be attributed to the balanced and adequate supply of nutrients through combined application of inorganic fertilizers and higher doses of farmyard manure. FYM improves soil structure, moisture retention, and microbial activity, leading to better nutrient uptake and efficient translocation of assimilates towards head development. Higher head weight accompanied by relatively moderate head diameter under integrated nutrient supply might have resulted in denser and more compact cabbage heads.
In contrast, the lowest head compactness (27.80%) was recorded under T₁ [Farmers’ practice: FYM @ 2 t ha⁻¹ + N₈₀P₄₀K₀], which may be due to inadequate nutrient availability and imbalanced fertilization, particularly the absence of potassium. Potassium is known to play a vital role in carbohydrate metabolism and translocation, which directly influences head firmness and compactness in cabbage.
The trends observed in head compactness were closely associated with improvements in other growth and yield parameters. Treatment T₃ also resulted in earliest head formation (45 days) and earliest maturity (70 days), along with maximum plant height, number of folded leaves per head, fresh head weight per plant, head diameter, and highest head yield (32.01 t ha⁻¹). This indicates that improved nutritional management not only enhanced yield but also improved quality attributes of cabbage.
The findings of the present investigation are in agreement with the results reported by Kumar and Rawat (2002) who also observed significantly higher head compactness and better head quality in cabbage under integrated application of organic manures and inorganic fertilizers.

Table 1. Agro-ecological characteristics, soil type, planting period, and total rainfall during the crop growth season at experimental locations in Ramgarh district, Jharkhand
	Characteristics
	Bargaon
	Barka Chumba
	Chhotkipoona

	Coordinates
	23.62° N, 85.52° E
	23.60° N, 85.49° E
	23.58° N, 85.47° E

	Elevation (m above MSL)
	330
	325
	320

	Agro-climatic Region
	Eastern Plateau Region
	Eastern Plateau Region
	Eastern Plateau Region

	Agro-climatic Zone (Planning Commission, Govt. of India)
	Central and North-Eastern Plateau Zone (Agro-climatic Zone VII)
	Central and North-Eastern Plateau Zone (Agro-climatic Zone VII)
	Central and North-Eastern Plateau Zone (Agro-climatic Zone VII)

	Soil type
	Sand-60-65%
Silt-20-25%
Clay-12-18%

	Sand-50-60%
Silt-22-27%
Clay-15-20%

	Sand-12-18%
Silt-15-20%
Clay-10-15%


	Planting period (growth season)
	October–December (Rabi)
	October–December (Rabi)
	October–December (Rabi)

	Total rainfall during growth season (mm)

	2017–18
	145
	138
	132

	2018–19
	162
	155
	148



Table 2. Effect of Integrated Nutrient Management on growth, yield attributes, and yield of cabbage 
	Treatment
	Head yield (ton ha⁻¹)
	Head compactness (%)
	Days to head formation
	Plant height at 60 DAT (cm)
	Head size at 35 DAT (cm)
	No. of folded leaves head⁻¹ at harvest
	Fresh head weight plant⁻¹ (g)
	Head diameter (cm)
	Days to maturity

	T₁:(FP) FYM @ 2 t ha⁻¹ + N₈₀P₄₀K₀
	21.50
	27.80
	58
	24.0
	17.8
	17.43
	630
	10.52
	83

	T₂: N₁₀₀P₄₀K₂₀@ 10 t ha⁻¹
	26.80
	29.10
	50
	29.0
	23.5
	19.40
	790
	11.81
	78

	T₃: RDF (N₁₂₀P₆₀K₆₀) + FYM @ 20 t ha⁻¹
	32.01
	32.61
	45
	34.7
	32.5
	22.30
	948
	14.25
	70

	S.Em. (±)
	3.03
	1.43
	3.79
	3.09
	4.28
	1.41
	91.75
	1.09
	3.79

	CD (P = 0.05)
	6.32
	2.98
	7.89
	6.44
	8.92
	2.95
	190.40
	2.28
	7.89

	CV (%)
	11.86
	13.40
	6.65
	9.19
	16.01
	15.33
	6.73
	21.28
	5.37


The data presented in Table 2 clearly indicate that integrated nutrient management (INM) treatments significantly influenced the growth, yield attributes, and productivity of cabbage. Among the various treatments, T₃ [RDF (120:60:60 kg N:P₂O₅: K₂O ha⁻¹) + FYM @ 20 t ha⁻¹] proved to be the most effective, recording significantly higher values for plant height, number of folded leaves per head, head compactness, head diameter, and fresh head weight compared to most other treatments.
The superior performance of T₃ may be attributed to the balanced and continuous supply of nutrients from both inorganic fertilizers and organic manure. Farmyard manure not only supplies macro- and micronutrients but also improves soil physical properties, microbial activity, and nutrient use efficiency, thereby enhancing vegetative growth and head development. Similar beneficial effects of combined application of chemical fertilizers and organic manures on cabbage growth have also been reported earlier by (Upadhyay 2012).
In contrast, the control treatment [T₁: NPK 80:40:0 + FYM @ 2 t ha⁻¹] recorded the lowest values for almost all growth and yield attributes. The reduced performance under this treatment may be due to inadequate and imbalanced nutrient supply, particularly potassium, which plays a crucial role in translocation of photosynthates, head formation, and overall crop vigor.


Productivity
Cabbage yield varied significantly under different INM treatments. The highest marketable yield (32.01 t ha⁻¹) was obtained under T₃ (RDF 120:60:60 + FYM 20 t ha⁻¹), followed by T₂ [NPK 100:40:20 + FYM @ 10 t ha⁻¹], which produced a yield of 26.0 t ha⁻¹. The enhanced productivity under T₃ closely followed the trend observed in growth and yield-attributing characters, indicating a strong positive relationship between vegetative growth, head development, and final yield.
The increase in yield with integrated nutrient application may be attributed to improved nutrient availability throughout the crop growth period, better root development, and enhanced photosynthetic efficiency. These findings are in close conformity with the results reported by Zargar et al. (2022), Aryal et al. (2024), Verma et al. (2013), who also observed significantly higher cabbage yield and better yield attributes with combined application of recommended doses of fertilizers and organic manures.
Economics of cabbage production
The data on economics of cabbage cultivation as influenced by different integrated nutrient management (INM) treatments are presented in Table 1. The results clearly indicate that the economics of cabbage production varied markedly among the INM treatments, primarily due to differences in yield levels and cost of cultivation.
Among the treatments, T₃ [Recommended Dose of Fertilizer (N₁₂₀P₆₀K₆₀) + FYM @ 20 t ha⁻¹] recorded the highest productivity (320.1 q ha⁻¹), reflecting a yield increase of 48.88% over the farmers’ practice (T₁). Although the cost of cultivation under T₃ was comparatively higher (Rs. 74,100 ha⁻¹) due to increased fertilizer and FYM inputs, it also resulted in the maximum gross returns (Rs. 2,56,080 ha⁻¹). Consequently, this treatment realized the highest net returns (Rs. 1,81,980 ha⁻¹) and a superior benefit–cost (B:C) ratio of 3.45, indicating its economic viability.
The treatment T₂ [FYM @ 10 t ha⁻¹ + N₁₀₀P₄₀K₂₀] ranked second in terms of economic performance, producing a yield of 268.0 q ha⁻¹ with a 24.65% increase over T₁. The comparatively moderate cost of cultivation (Rs. 64,800 ha⁻¹), combined with higher gross returns (Rs. 2,14,400 ha⁻¹), resulted in substantially high net returns (Rs. 2,02,977 ha⁻¹) and the highest B:C ratio (3.30) among the treatments. This suggests that T₂ offered a favorable balance between investment and returns.
In contrast, T₁ (farmers’ practice: FYM @ 2 t ha⁻¹ + N₈₀P₄₀K₀) recorded the lowest yield (215.0 q ha⁻¹), gross returns (Rs. 1,72,000 ha⁻¹), and net returns (Rs. 1,09,550 ha⁻¹), with a lower B:C ratio (2.75). The inferior economic performance under farmers’ practice may be attributed to sub-optimal and imbalanced nutrient application, particularly the omission of potassium, which ultimately limited yield and profitability.
Overall, the results demonstrate that integration of recommended doses of chemical fertilizers with adequate quantities of FYM significantly enhances cabbage yield and profitability, outweighing the additional cost of cultivation. Similar improvements in net returns and benefit–cost ratio under integrated nutrient management practices in cabbage have also been reported by Kumar and Rawat (2002) and Zargar et al. (2022), thereby supporting the findings of the present study. 
Table 3.    Economics of different parameters
	Parameters
	No. of Trials
	Yield (qt. /ha)
	Yield increase (%)
	Cost of cultivation(Rs.)
	Gross Returns (Rs./ha)
	Net returns (Rs./ha)
	B:C Ratio

	T₁ (Farmers’ Practice): FYM @ 2 t ha⁻¹ + N₈₀P₄₀K₀
	12
	215.0
	-
	62450
	172000
	109550
	2.75

	T₂: FYM 10 t ha⁻¹ +N₁₀₀P₄₀K₂₀
	12
	268.0
	24.65
	64800
	214400
	149600
	3.30

	T₃: Recommended Dose of Fertilizer (RDF) N₁₂₀P₆₀K₆₀ + FYM @ 20 t ha⁻¹
	12
	320.1
	48.88
	74100
	256080
	181980
	3.45




Conclusion 	
The present on-farm investigation clearly demonstrates that INM plays a decisive role in enhancing growth, yield, quality, and economic returns of cabbage under rainfed conditions of Ramgarh district, Jharkhand. Among the tested treatments, T₃ comprising the recommended dose of fertilizers (N₁₂₀P₆₀K₆₀) combined with FYM @ 20 t ha⁻¹ proved to be the most effective and sustainable nutrient management practice.
[bookmark: _6j8jpct2gc4e]Application of RDF along with FYM significantly improved vegetative growth, head development, and quality attributes of cabbage, as evidenced by higher plant height, number of folded leaves, head compactness, head diameter, fresh head weight, early head initiation, and reduced days to maturity. These improvements ultimately translated into the highest marketable yield, representing a yield increase of 48.88% over the farmers’ practice (Zhang et al 2022).
Economic analysis further substantiated the superiority of integrated nutrient management, with T₃ recording higher gross returns (Rs. 2,56,080 ha⁻¹), net returns (Rs. 1,81,980 ha⁻¹), and a favorable benefit–cost ratio (3.45), despite its relatively higher cost of cultivation. The treatment T₂ (N₁₀₀P₄₀K₂₀ + FYM @ 10 t ha⁻¹) also performed appreciably better than farmers’ practice, indicating that partial substitution of chemical fertilizers with organic manure can substantially enhance profitability.
Overall, the study concludes that balanced and judicious integration of inorganic fertilizers with adequate organic manure is essential for achieving higher productivity, better quality, and improved profitability of cabbage under rainfed conditions. The INM practice evaluated under T₃ can be safely recommended for adoption by small and marginal farmers of Jharkhand, as it not only improves crop performance but also contributes to long-term soil health and sustainability of the production system.
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