


Impact of Farming Practices on Soybean Yield, Quality and Nutrient Uptake in Inceptisols

[bookmark: _GoBack]---------------------------------------------------------------------------------------------------------------------------------------ABSTRACTA field experiment was conducted at the College of Agriculture, Pune during kharif 2024 to assess the impact of different farming practices on yield, nutrient uptake and quality of soybean. The study was laid out in a Randomized Block Design with four replications and five treatments, namely conventional farming, standard package of practices, organic farming, zero budget natural farming and climate resilient farming. The findings revealed that climate resilient farming consistently outperformed other treatments, registering significantly higher grain (31.03 q ha⁻¹) and straw yield (37.57 q ha⁻¹). Quality traits, particularly protein (40.98%) and oil content (20.39%), were markedly enhanced under this practice. Major nutrient uptake was maximized with nitrogen, phosphorus, and potassium levels of 195.88, 51.04 and 89.36 kg ha⁻¹, respectively. Similarly, micronutrient uptake of iron, manganese, zinc and copper was significantly superior. These results demonstrate that climate resilient farming enhances productivity, nutrient use efficiency, and seed quality, thereby offering a sustainable alternative to conventional systems. The study underscores its potential as an effective strategy to improve soybean performance under changing climatic conditions.
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1. INTRODUCTION
Soybean (Glycine max L.) is a vital legume crop with significant economic and nutritional value, widely cultivated for its high protein content and its capacity to enhance soil fertility through biological nitrogen fixation. In India and other developing countries, soybean has emerged as a key component of crop diversification strategies, particularly in regions with nutrient-sensitive soils such as Inceptisols. These young, moderately developed soils are characterized by limited horizon development and varying fertility, making them responsive to management interventions. However, the long-term reliance on conventional farming practices marked by intensive tillage, monocropping, and synthetic inputs has led to soil degradation, declining organic matter and inefficient nutrient use, thereby affecting crop productivity and environmental sustainability.
In response to these challenges, there is increasing interest in alternative farming systems such as organic and natural farming. Rooted in agroecological principles, these approaches focus on enhancing biodiversity, recycling organic matter and minimizing external chemical inputs. Systems like Zero Budget Natural Farming (ZBNF) and Rishi-Krishi Tantra promote soil regeneration, cost-effective production and the use of on-farm resources. While such methods are environmentally sound and potentially more resilient to climate extremes such as droughts, floods, and erratic rainfall they are often _________________________________________________________________________________

criticized for lower initial yields and higher labour demands, especially during transition periods.As climate change continues to threaten agricultural stability, there is an urgent need to evaluate farming practices that can ensure both productivity and ecological balance. This study aims to assess the influence of different farming systems conventional, organic, and natural on the yield, quality, and nutrient uptake of soybean cultivated in Inceptisol soils. The findings are expected to inform strategies for building climate-resilient, resource-efficient, and sustainable agricultural systems that can meet future food and environmental demands.
Climate change, driven by rising greenhouse gas emissions since the industrial revolution, poses a major global challenge. The IPCC projects a 1.4 – 5.8°C increase in temperature, altering rainfall patterns and reducing crop yields. Shifts in pests, pathogens, and weeds may intensify these effects, threatening food and fiber stability and, in turn, social and economic security (Ziska and Dukes, 2014). While early 21st century global food system impacts may appear moderate, increasing climatic extremes like droughts and floods will heighten risks (Adams et al., 1998).

2. MATERIALS AND METHODS
	A field experiment was conducted at the College of Agriculture, Pune, during May–November 2024 to evaluate the effect of five soybean cultivation practices - conventional farming (T₁), standard package of practices (T₂), organic farming (T₃), zero budget natural farming (T₄) and climate resilient farming (T₅) on yield, nutrient uptake and quality in Inceptisol soils. The study was laid out in a randomized block design with four replications. Treatments differed in input management: T₁ involved basal chemical fertilizers with foliar sprays; T₂ and T₃ combined fertilizers with FYM, biofertilizers, and organic amendments; T₄ utilized indigenous inputs (Ghanjeevamrit, Beejamrit, Jeevamrit) along with mulching and intercropping; and T₅ included broad bed furrow sowing, balanced fertilization based on yield targets, FYM, biofertilizer seed treatment and mulching. Organic amendments (FYM, vermicompost, PROM, Ghanjeevamrit, Jeevamrit, Beejamrit) were analyzed for nutrient content (Table 1) and C:N ratio, while post-harvest soybean samples were assessed for yield, nutrient uptake, and quality parameters.
Table 1: Proximate analysis of organic sources of nutrients
	Parameters
	FYM
	Vermicompost
	PROM
	Jeevamrit
	Beejamrit
	Ghanajeevamrit

	pH
	7.49
	6.91
	7.18
	4.92
	8.02
	7.8

	EC (dSm-1)
	1.66
	2.12
	1.74
	3.22
	3.11
	2.7

	Total C (%)
	22.26
	30.79
	21.06
	0.22
	0.13
	44.54

	Total N (%)
	0.69
	1.48
	0.78
	0.32
	0.16
	0.97

	Total P (%)
	0.39
	0.79
	14.57
	0.09
	0.11
	0.49

	Total K (%)
	0.38
	0.81
	0.37
	0.59
	0.48
	0.99

	Total S (%)
	0.61
	0.45
	1.12
	-
	-
	-

	Fe (mg kg-1)
	186
	35.7
	12.70
	7.79
	18.7
	228

	Mn (mg kg-1)
	35.7
	65.7
	0.67
	0.98
	3.27
	39.7

	Zn (mg kg-1)
	14.8
	18.3
	2.69
	0.58
	12.9
	14.6

	Cu (mg kg-1)
	4.39
	15.2
	0.46
	0.51
	0.49
	4.49

	C:N ratio
	32:1
	21:1
	24:1
	0.7:1
	0.8
	45.92



3. RESULTS AND DISCUSSION
Influence of farming practices on yield and quality of soybean
Yield of soybean
	Significant variation in soybean grain yield was observed among farming practices (Table 2). Climate-resilient farming (T₅) produced the higher yield (31.03 q ha⁻¹), while zero budget natural farming (T₄) recorded the lowest (11.10 q ha⁻¹). Organic farming yielded 13.23 q ha⁻¹, significantly outperforming zero budget natural farming practice but remaining below other treatments. The enhanced yield under climate-resilient farming is attributed to balanced nutrient supply and improved crop growth. The integration of organic manures with liquid organic formulations such as beejamrit and panchagavya has been shown to enhance growth and yield parameters (Shwetha and Babalad, 2008). Integrated nutrient management (INM) optimizes fertilizer use by combining organic and inorganic sources, reducing chemical fertilizer dependency, improving soil fertility, and maximizing yield and profitability (Selim et al. 2020).
Quality of soybean
Soybean protein content varied significantly across farming practices (Table 2), with climate-resilient farming (T₅) recording the higher value (40.98%), comparable to the standard package of practices (39.40%), organic farming practice (38.79%) and conventional farming practice (38.33%). Zero budget natural farming (T₄) exhibited significantly lower protein content (35.83%). Similarly, oil content was highest under climate-resilient farming (20.39%) and standard package of practices (20.08%), while zero budget natural farming practice showed the lower (18.32%). Nutrient management notably influenced seed quality; treatments combining NPK fertilizers with farmyard manure (FYM) and biofertilizers enhanced both protein and oil contents, consistent with findings that increased nitrogen availability elevates seed protein levels (Chaturvedi et al. 2010; Singh and Rai, 2004).
Table 2: Influence of farming practices on yield of soybean
	Treat. No.
	Farming practices
	Grain yield (q ha-1)
	Protein (%)
	Oil (%)

	T1
	Conventional farming practice
	20.46
	38.33
	19.09

	T2
	Standard package of practices
	27.08
	39.40
	20.08

	T3
	Organic farming practice
	13.23
	38.79
	19.26

	T4
	Zero budget natural farming practice
	11.10
	35.83
	18.32

	T5
	Climate resilient farming
	31.03
	40.98
	20.39

	
	SE(m) ±
	0.73
	1.04
	0.22

	
	CD (0.05)
	2.24
	3.19
	0.67



Influence of farming practices on total macronutrients uptake by soybean 
The analysis of nutrient uptake data indicated statistically significant variations among the evaluated farming systems (Table 3). Climate-resilient farming exhibited the maximum total nitrogen uptake (195.88 kg ha⁻¹), followed by the standard package of practices with 165.32 kg ha⁻¹. In contrast, zero budget natural farming recorded the lower nitrogen uptake (62.97 kg ha⁻¹), which can be attributed to limited external nutrient inputs and the slow mineralization rates associated with exclusively natural amendments. A similar trend was observed for phosphorus, wherein Climate-resilient farming registered the higher uptake (51.04 kg ha⁻¹), with standard package of practices, conventional farming practice, and organic farming practice demonstrating superior values over zero budget natural farming (14.83 kg ha⁻¹). Potassium uptake also followed this pattern, with Climate-resilient farming attaining 89.36 kg ha⁻¹, followed by standard package of practices (74.74 kg ha⁻¹), while zero budget natural farming recorded the lower value (26.16 kg ha⁻¹). Integrated nutrient management (INM) in Vertisol-based soybean–wheat systems enhance soil fertility, microbial activity, and soil structure through organic–inorganic integration, increasing nitrogen, phosphorus, and potassium uptake by 10–30%, thereby improving yields and ensuring long-term soil productivity and sustainability (Karhale et al. 2021).
Table 3: Influence of farming practices on total macronutrients uptake by soybean
	Treat. No.
	Farming practices
	Total uptake of macronutrients (kg ha-1)

	
	
	N
	P
	K

	T1
	Conventional farming practice
	121.00
	28.39
	49.30

	T2
	Standard package of practices
	165.32
	43.31
	74.74

	T3
	Organic farming practice
	81.49
	20.59
	34.38

	T4
	Zero budget natural farming practice
	62.97
	14.83
	26.16

	T5
	Climate resilient farming
	195.88
	51.04
	89.36

	
	SE(m) ±
	3.66
	1.10
	2.37

	
	CD (0.05)
	11.28
	3.40
	7.31



Influence of farming practices on total micronutrients uptake by soybean 
	Significant variation in micronutrient uptake was observed among farming practices (Table 4). Climate-resilient farming recorded the highest uptake of iron (553.23 g ha⁻¹), manganese (309.49 g ha⁻¹), zinc (298.63 g ha⁻¹), and copper (124.66 g ha⁻¹), while zero budget natural farming showed the lowest uptake across all micronutrients (Fe: 165.77; Mn: 91.55; Zn: 65.89; Cu: 36.33 g ha⁻¹). Enhanced micronutrient absorption under integrated nutrient management is attributed to mineralization of organic manures releasing micronutrients and organic acids that solubilize otherwise unavailable forms via natural chelation. Farmyard manure applied at sowing improves nutrient availability and translocation, increasing accumulation in grain and stover, thereby boosting overall nutrient uptake and crop nutritional quality (Gautami, 2022; Potkile et al. 2017).
Table 4: Influence of farming practices on total micronutrients uptake by soybean
	Treat. No.
	Farming practices
	Total uptake of micronutrients (g ha-1)

	
	
	Fe
	Mn
	Zn
	Cu

	T1
	Conventional farming practice
	261.49
	150.05
	107.14
	46.98

	T2
	Standard package of practices
	434.97
	238.76
	205.30
	90.02

	T3
	Organic farming practice
	261.51
	148.26
	156.43
	60.01

	T4
	Zero budget natural farming practice
	165.77
	91.55
	65.89
	36.33

	T5
	Climate resilient farming
	553.23
	309.49
	298.63
	124.66

	
	SE(m) ±
	10.46
	6.83
	6.56
	2.90

	
	CD (0.05)
	32.24
	21.04
	20.20
	8.93



4. CONCLUSION
	Climate resilient farming proved to be the most effective practice, significantly improving soybean yield, quality, and nutrient uptake. It recorded the highest grain yield (31.03 q ha⁻¹), protein content (40.98%), and oil content (20.39%). Nutrient uptake was also superior, with nitrogen at 195.88 kg ha⁻¹, phosphorus at 51.04 kg ha⁻¹, and potassium at 89.36 kg ha⁻¹. Enhanced micronutrient uptake, including iron (553.23 g ha⁻¹) and zinc (298.63 g ha⁻¹), reflected improved soil fertility and productivity under Inceptisol conditions.
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