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Impact of Different Nutrient Management Practices on Nutrient Uptake in Green Gram (Vigna radiata L.) 

ABSTRACT
             
Green gram is an important native pulse crop extensively cultivated across South and the Southeast Asia. It serves as a significant source of plant based protein, especially for vegetarian populations. Heavy reliance on inorganic fertilizers alone has accelerated micronutrient depletion and environmental degradation, ultimately threatening the sustainability of diverse cropping systems over time. Considering the simultaneous challenge of preserving soil health and improving input-use efficiency, the evaluation of integrated, environmentally sustainable nutrient management strategies becomes imperative. Hence, the present study was designed to examine the effects of organic manures, chemical fertilizers, and cow based bioformulations on nutrient content and nutrient uptake in green gram. Therefore, this field experiment was conducted during the Kharif season of 2023 at Research Farm, Krishi Vigyan Kendra-Mahendergarh, CCS Haryana Agricultural University, Hisar. The experiment consisted of total nine treatments T₁ (Control), T₂ (RDN through FYM), T₃ (RDF + 5.0 t FYM ha⁻¹), T₄ (75% RDF + 7.5 t FYM ha⁻¹), T₅ (RDN through Vermicompost), T₆ (RDF + 2.5 t Vermicompost ha⁻¹), T₇ (75% RDF + 5.0 t Vermicompost ha⁻¹), T₈ (Cow based bio formulation), T₉ (RDF) that were laid out in Randomized Block Design (RBD) with three replications. The results demonstrated that the integrated application of RDF + 2.5 t VC ha-1 (T₆), significantly improved nitrogen, phosphorus, and potassium uptake in green gram as compared to sole organic, cow based bio formulations and the control treatment, but statistically at par with other integrated nutrient management treatments and RDF alone. Overall, these findings underscore the effectiveness of integrated nutrient management practice of RDF + 2.5 t Vermicompost in enhancing nutrient use efficiency of green gram cultivation.
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INTRODUCTION
“Green gram (Vigna radiata L.) is an important native pulse crop extensively cultivated across South and the Southeast Asia. It serves as a significant source of plant-based protein, especially for vegetarian populations. The crop contains approximately 25–26% protein, along with about 3% vitamins and 51% carbohydrates (Mondal et al., 2012 and Shweta et al., 2021). Due to its short growth cycle, it is commonly grown as a Kharif season crop” (Kumar et al., 2023 and Ramesh et al., 2024). 
“Due to high yielding crop varieties and multiple cropping, soil fertility is depleting rapidly. The soils are now gradually becoming deficient in essential nutrients and these have raised serious concerns for the sustainability of agricultural systems. Soil fertility is the most serious factor, which is limiting productivity on a sustained basis. Due to low organic matter in the soil and the inherent nutrient level, the plant nutrient supply capacity is poor in large areas of the country” (Verma & Sharma, 2007; Lal, 2017; Yang et al., 2020 and Sharma et al. 2024).
“Although these inputs led to an initial increase in crop yields, their prolonged and unbalanced use has caused depletion of soil nutrients, degradation of soil physical and biological health, and a decline in nutrient use efficiency” (Kumar et al., 2024a). Heavy reliance on inorganic fertilizers alone has accelerated micronutrient depletion and environmental degradation, ultimately threatening the sustainability of diverse cropping systems over time.
“Integrated Nutrient Management (INM), involving the combined application of organic sources like farmyard manure (FYM) and vermicompost (VC) along with judicious use of chemical fertilizers, is widely recommended for improving soil fertility and maintaining crop productivity” (Anand et al., 2019). “Organic inputs enhance soil physical properties, moisture retention, microbial populations, and nutrient transformation processes” (Chopra et al., 2013 and Loura et al., 2022). “In the pursuit for safer food, the demand for organically grown foods has expanded in recent decades due to their probable health benefits and food safety concerns. Bio-fertilizers and organic manures are affordable and environmentally friendly sources of plant nutrients for sustainable crop production in low input agriculture. Farm yard manure (FYM) is bulky organic manure that supply plant nutrients when applied in larger amount as it contains small percentages of plant nutrients. FYM is a decomposed mixture of farm animal faeces and urine, along with the litter and left over material from roughages or fodder fed to the cattle. On an average, farmyard manure contains 0.5 % nitrogen, 0.2 % phosphorus and 0.5 % potassium” (Verma et al., 2024). “Vermicompost, enriched with macro and micro nutrients and biologically active compounds, facilitates better nutrient availability and uptake by plants. Evidence from various studies suggests that INM practices enhance crop productivity, nutrient utilization, and grain quality” (Darjee et al., 2023). “Despite the reported advantages, most available studies remain location-specific and narrow in scope, with limited focus on the combined influence of integrated nutrient sources on nutrient concentration and uptake in green gram. Natural farming is an agro-ecological farming method that emphasizes crop production in harmony with nature” (Kamal and Ravi, 2025). “This approach minimizes production costs by reducing dependence on external inputs and utilizing locally available resources to rejuvenate soil health while improving ecological balance through diversified, multi-tiered cropping systems” (Kamal et al., 2025). “The beneficial microorganisms present in cow dung estimated at 300-500 million per gram help break down organic residues in the soil and convert them into readily available nutrients for plant growth” (Khadse et al., 2018).
Additionally, research efforts have largely concentrated on yield responses, with minimal integrated analysis of soil fertility, nutrient use efficiency, and economic returns. Considering the simultaneous challenge of preserving soil health and improving input use efficiency, the evaluation of integrated, environmentally sustainable nutrient management strategies becomes imperative. Hence, the present study was designed to examine the effects of organic manures, chemical fertilizers, and cow based bioformulation on nutrient content and nutrient uptake in green gram. 
MATERIALS AND METHODS
                  The field experiment was conducted during the Kharif season of 2023 at Research Farm, Krishi Vigyan Kendra-Mahendergarh, CCS Haryana Agricultural University, Hisar.  Geographically, Mahendergarh is situated at 28°33' N latitude and 76°13' E longitude at an elevation of 270 m above mean sea level. The total rainfall received during the crop growing period was 325.4 mm. the mean maximum temperature was 34.7 ºC while the mean minimum temperature was 26.2 ºC. The experiment was laid out in Randomized Block Design (RBD) consisted of total nine treatments T₁ (Control), T₂ (RDN through FYM), T₃ (RDF + 5.0 t FYM ha⁻¹), T₄ (75% RDF + 7.5 t FYM ha⁻¹), T₅ (RDN through Vermicompost), T₆ (RDF + 2.5 t Vermicompost ha⁻¹), T₇ (75% RDF + 5.0 t Vermicompost ha⁻¹), T₈ (Cow based bio formulation), T₉ (RDF) with three replications. The soil of the field was sandy loam in texture, slightly alkaline in pH (7.72), EC (0.34 ds/m), low in organic carbon (0.31%), low in available N (135.4 kg/ha), medium in available P (10.58 kg/ha) and medium in available K (232.8 kg/ha). Standard cultural practices were followed for all treatments which was recommended in green gram crop. 
The uptake of each nutrient was computed as:
				   Percent nutrient in seed and straw × Yield (kg/ha)
Nutrient uptake (kg/ha) =       ––––––––––––––––––––––––––––––––––––––––––
							100

         All the data recorded were analyzed with the help of analysis of variance (ANOVA) technique (Gomez and Gomez, 1983) for Randomized Block Design. The least significance test was used to decipher the effect of treatments at 5% level of significance.

RESULTS AND DISCUSSION
The mean seed N uptake values varied widely among treatments, with the minimum (23.6 kg ha⁻¹) in Control (T₁) and the maximum (47.0 kg ha⁻¹) in RDF + 2.5 t VC ha-1 (T₆) (Table 1). The superiority of RDF + 2.5 t VC ha-1 (T₆) was statistically evident as it remained at par with RDF along with 5.0 t FYM ha-1 (T3), 75 % of RDF along with 5 t VC ha-1 (T7) and 75 % RDF along with 7.5 t FYM ha-1 (T₄), but significantly higher over other treatments. Percentage comparison revealed that RDF + 2.5 t VC ha-1 (T₆) achieved 63.76% higher than Cow based bio formulation (T₈), 41.56% higher than RDN through FYM (T₂), and 35.44% higher than RDN through VC (T₅). Straw N uptake also showed significant differences, ranging from 33.5 kg ha⁻¹ in control (T₁) to 64.8 kg ha⁻¹ in RDF + 2.5 t VC ha-1 (T₆) (Table 1). The highest straw N uptake under RDF + 2.5 t VC ha-1 (T₆) was statistically at par with other INM treatments and RDF alone, while significantly superior to other treatments. On percentage basis, RDF + 2.5 t VC ha-1 (T₆) recorded 58.48% higher than Cow based bio formulation (T₈), 37.58% higher than RDN through FYM (T₂), and 32.62% higher than RDN through VC (T₅).
	The seed P uptake values ranged from 3.89 kg ha⁻¹ in control (T₁) to 8.15 kg ha⁻¹ in RDF + 2.5 t VC ha-1 (T₆) (Table 2). The highest uptake in RDF + 2.5 t VC ha-1 (T₆) was statistically at par with other INM treatments, but significantly superior to other treatments. In relative terms, RDF + 2.5 t VC ha-1 (T₆) recorded 78.72% higher than cow based bio formulation (T₈), 51.20% higher than RDN through FYM (T₂), and 43.23% higher than RDN through VC (T₅). Straw P uptake varied from 4.17 kg ha⁻¹ in control (T₁) to 11.21 kg ha⁻¹ in RDF + 2.5 t VC ha-1 (T₆) (Table 2). The maximum in RDF + 2.5 t VC ha-1 (T₆), was statistically at par with RDF along with 5 t VC ha-1 (T7) and RDF along with 5.0 t FYM ha-1 (T3), but significantly superior to 75 % RDF + 7.5 t FYM ha-1 (T₄), RDF (T₉), RDN through VC (T₅), RDN through FYM (T₂), cow based bio formulation (T₈) and control (T₁).
The seed K uptake ranged from 6.46 kg ha⁻¹ in control (T₁) to 12.28 kg ha⁻¹ in RDF + 2.5 t VC ha-1 (T₆) (Table 3). The uptake in RDF + 2.5 t VC ha-1 (T₆) was statistically at par with other INM treatments, but significantly superior to other treatments. RDF + 2.5 t VC ha-1 (T₆) recorded 63.73% higher than cow based bio formulation (T₈), 42.95% higher than RDN through FYM (T₂), 36.29% higher than RDN through VC (T₅). The straw K uptake ranged from 27.90 kg ha⁻¹ in control (T₁) to 50.11 kg ha⁻¹ in RDF + 2.5 t VC ha-1 (T₆) (Table 3). The uptake in RDF + 2.5 t VC ha-1 (T₆) was statistically at par with other INM treatments, but significantly superior to other treatments. Percentage increases of RDF + 2.5 t VC ha-1 (T₆) were 55.47% over cow based bio formulation (T₈), 37.17% over RDN through FYM (T₂), 32.81% over RDN through VC (T₅).
[bookmark: _GoBack]The RDF + 2.5 t VC ha⁻¹ treatment (T₆) recorded the highest values for N, P and K uptakes, confirming that a strategic combination of readily available inorganic nutrients and biologically active vermicompost maximizes nutrient assimilation, root enzyme activity, symbiotic fixation and nutrient remobilization into seed. Likewise, 75% RDF + 5 t VC ha⁻¹ (T₇) performed comparably to full RDF integrated treatments, demonstrating that vermicompost can partially replace chemical fertilizers without compromising nutrient uptake efficiency through enhanced microbial nutrient cycling, higher cation exchange capacity and improved rhizosphere functioning (Kumar et al., 2024). The combined fertilizer and FYM treatments RDF + 5 t FYM ha⁻¹ (T₃) and 75% RDF + 7.5 t FYM ha⁻¹ (T₄) showed substantial improvements in nutrient contents, “reflecting synergistic effects of mineral fertilizers and organic matter in enhancing nutrient retention, microbial mineralization, root proliferation and physiological nutrient use efficiency. Vermicompost based treatments performed better than FYM only treatments due to the highly available nutrient fractions, humic substances and active microbial consortia in vermicompost” (Rambuatsaiha et al., 2017). The RDF alone (T₉) produced the higher nutrient uptake as compared to organic only treatments due to immediate nutrient availability, but remained inferior to integrated nutrient management treatments owing to limited microbial stimulation and the lower soil nutrient buffering. These results are consistent with the observations of Sahu et al. (2020); Kumar et al. (2022) and Mathukia et al. (2023).
CONCLUSIONS
Based on the above cited results of the experiment it could be concluded that integrated nutrient management practice of RDF + 2.5 t Vermicompost significantly improved nutrient uptake of green gram. 



Table: 1 Effect of nutrient sources on N uptake (kg ha-1) of green gram
	Treatments
	N uptake (kg ha-1)

	
	Seed
	Straw

	T1 (Control)
	23.6
	33.5

	T2 (RDN through FYM)
	33.2
	45.5

	T3 (RDF + 5.0 t FYM ha-1)
	45.7
	60.8

	T4 (75 % RDF + 7.5 t FYM ha-1)
	44.0
	58.4

	T5 (RDN through VC)
	34.7
	47.2

	T6 (RDF + 2.5 t VC ha-1)
	47.0
	62.6

	T7 (75 % RDF + 5.0 t VC ha-1)
	44.7
	59.3

	T8 (Cow based bio formulation)
	28.7
	39.5

	T9 (RDF)
	43.4
	57.4

	SE(m)±
	1.05
	1.76

	CD at 5%
	3.14
	5.27


FYM: Farm yard manure; RDF: Recommended dose of fertilizers; RDN:Recommended dose of nitrogen; VC: Vermicompost












Table: 2 Effect of nutrient sources on P uptake (kg ha-1) of green gram
	Treatments
	P uptake (kg ha-1)

	
	Seed
	Straw

	T1 (Control)
	3.89
	4.09

	T2 (RDN through FYM)
	5.39
	6.53

	T3 (RDF + 5.0 t FYM ha-1)
	7.96
	9.98

	T4 (75 % RDF + 7.5 t FYM ha-1)
	7.42
	9.31

	T5 (RDN through VC)
	5.69
	6.99

	T6 (RDF + 2.5 t VC ha-1)
	8.15
	10.54

	T7 (75 % RDF + 5.0 t VC ha-1)
	7.67
	9.78

	T8 (Cow based bio formulation)
	4.56
	5.18

	T9 (RDF)
	7.37
	9.21

	SE(m)±
	0.25
	0.25

	CD at 5%
	0.74
	0.76


FYM: Farm yard manure; RDF: Recommended dose of fertilizers; RDN:Recommended dose of nitrogen; VC: Vermicompost




Table: 3 Effect of nutrient sources on K uptake (kg ha-1) of green gram
	Treatments
	K uptake (kg ha-1)

	
	Seed
	Straw

	T1 (Control)
	6.46
	27.90

	T2 (RDN through FYM)
	8.59
	36.53

	T3 (RDF + 5.0 t FYM ha-1)
	11.99
	48.66

	T4 (75 % RDF + 7.5 t FYM ha-1)
	11.47
	46.64

	T5 (RDN through VC)
	9.01
	37.73

	T6 (RDF + 2.5 t VC ha-1)
	12.28
	50.11

	T7 (75 % RDF + 5.0 t VC ha-1)
	11.63
	47.73

	T8 (Cow based bio formulation)
	7.50
	32.23

	T9 (RDF)
	11.24
	45.81

	SE(m)±
	0.28
	1.32

	CD at 5%
	0.84
	3.97


FYM: Farm yard manure; RDF: Recommended dose of fertilizers; RDN:Recommended dose of nitrogen; VC: Vermicompost
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