Performance of different Nutrient Management practices on Growth, Yield and Soil Fertility Dynamics  of Chickpea crop 

Abstract
Chickpea is valued as the “king of pulses” due to its high nutritional content, containing 18–22% protein, 64% carbohydrates, and several essential minerals. Organic nutrient management plays a vital role in maintaining soil health, microbial activity, and nutrient cycling. The present investigation was therefore undertaken to study the effect of different organic nutrient management practices on the yield of chickpea and the physico-chemical properties of soil under semi-arid conditions of Rajasthan. A field experiment was conducted during the Kharif season of 2024-25 at the Agricultural Research Farm, Department of Soil Science, School of Agriculture, Suresh Gyan Vihar University, Jaipur (Rajasthan). The experiment comprised eight treatments involving various combinations of farmyard manure (FYM), vermicompost, neem cake, and poultry manure, along with an absolute control. The collected data were statistically analysed using analysis of variance (ANOVA) appropriate for the RBD design. Results revealed that growth and yield parameters of chickpea were significantly influenced by organic nutrient management. The highest plant height (62.25 cm), number of branches per plant (13.62), pods per plant (65.74), test weight (227.71 g) and seed yield (1640 kg ha⁻¹) were recorded in T8-Vermicompost @ 2 t ha⁻¹ + Neem cake @ 2 t ha⁻¹, which was statistically at par with T7- Vermicompost @ 2 t ha⁻¹ + Poultry manure @ 2 t ha⁻¹. Among soil parameters, bulk density, particle density, soil pH, and electrical conductivity were not significantly affected, while organic carbon and available N, P and K showed significant improvement under organic nutrient treatments. The maximum organic carbon (0.57%), available nitrogen (184.43 kg ha⁻¹), phosphorus (15.62 kg ha⁻¹) and potassium (211.08







kg ha⁻¹) were observed with T8. Overall, the combined application of vermicompost and neem cake proved most effective in enhancing chickpea productivity and improving soil fertility. Organic nutrient management significantly influenced the growth, yield, and soil fertility of chickpea under semi-arid conditions. 
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1. Introduction
Chickpea (Cicer arietinum L.), also known as Bengal gram, is one of the most important rabi pulse crops in India, occupying about 13.7 million hectares with a production of 10.2 million tonnes and an average productivity of 1447 kg ha⁻¹ (Anonymous, 2022–23). It is widely grown in temperate and semi-arid regions, particularly in the states of Madhya Pradesh, Rajasthan, Uttar Pradesh, and Maharashtra. Chickpea is valued as the “king of pulses” due to its high nutritional content, containing 18–22% protein, 64% carbohydrates, and several essential minerals. It contains 18 per cent protein, which is almost three times more than that of cereals. Chickpea is the highest protein-yielding grain legume except groundnut and soybean. Chickpea is also credited with the ability of atmospheric nitrogen fixation through a symbiotic process, and it has been estimated that the crop has the capacity to fix 140 kg N/ha in a growing season (Singh et al., 2025; Gautam et al., 2022). Besides its dietary importance, chickpea also contributes to soil fertility through biological nitrogen fixation, adding up to 141 kg N ha⁻¹ to the soil and improving the productivity of subsequent cereal crops (Ahlawat et al., 2005).
Sustainable production of chickpea under rainfed conditions requires improvement in soil fertility and structure, particularly in the semi-arid soils of Rajasthan, which are low in organic matter and nutrients. Organic nutrient management plays a vital role in maintaining soil health, microbial activity, and nutrient cycling. The use of organic sources such as farmyard manure (FYM), vermicompost, neem cake, and poultry manure improves soil physical, chemical, and biological properties, enhances water-holding capacity, and provides a slow but steady nutrient release for crop growth (Ali et al., 2017). Organic materials were practically the only external source of nutrients for crops before the introduction of inorganic fertilisers. The various implications of commercial fertiliser, particularly in decreasing the soil fertility and productivity and the application of mineral fertiliser along with organic manures could achieve sustainability in crop yield and soil health (Pandiselvi et al., 2017).
Among these sources, vermicompost enriches the soil with macro- and micronutrients, growth hormones, and beneficial microbes, while poultry manure is a rich source of nitrogen, phosphorus, and organic matter that supports vigorous plant growth and nodulation in legumes. Hence, integrating different organic nutrient sources is essential to enhance chickpea yield and improve soil physico-chemical properties sustainably (Giraddi et al., 2012).
The present investigation was therefore undertaken to study the effect of different organic nutrient management practices on the yield of chickpea and the physico-chemical properties of soil under semi-arid conditions of Rajasthan.
2. Materials and methods
A field experiment was conducted during the Kharif season of 2024–25 at the Agricultural Research Farm, Department of Soil Science, School of Agriculture, Suresh Gyan Vihar University, Jaipur, Rajasthan. The experimental site is located in a semi-arid, subtropical

climate characterised by extreme temperature variations, with hot and dry summers (maximum temperature up to 45°C) and cold winters (minimum temperature as low as 2.8°C). The area receives an average annual rainfall of 500–800 mm, mostly concentrated during the monsoon season. The collected data were statistically analysed using analysis of variance (ANOVA) appropriate for the RBD design to determine the significance of treatment effects and 8 treatment combinations, viz., T1-Control (No application), T2-FYM @10 t ha-1, T3- Vermicompost @ 4 t ha-1, T4-FYM @ 5 t ha-1 + Vermicompost @ 2 t ha-1, T5-FYM @ 5 t ha-1
+ Poultry manure @ 2 t ha-1, T6-FYM @ 5 t ha-1 + Neem cake @ 2 t ha-1, T7-Vermicompost @
2 t ha-1 + Poultry manure @ 2 t ha-1 and T8-Vermicompost @ 2 t ha-1 + Neem cake @ 2 t ha-1. The soil of the experimental field was sandy loam in texture, saline in reaction, with the following initial characteristics: Soil of the experimental field was sandy loam in texture, saline in reaction with a pH value of 7.62, EC (0.48 dSm-1), poor in organic carbon (0.34%), low in available nitrogen (134.25 kg/ha), phosphorus (13.25kg/ha) and (178.15 kg/ha) but medium in available potassium (320 kg/ha). The Chickpea variety “Gangor” was used in the experiment. Other agronomic practices, such as irrigation, weeding, and pest management, were uniformly followed across all treatments to ensure optimum crop growth. Soil samples were collected before sowing and after harvest to evaluate changes in soil fertility status.
3. Results and Discussion
3.1 Crop study
3.1.1 Growth parameters
Significant variation was observed in plant growth attributes of chickpea under different organic nutrient management practices. The highest plant height was recorded with treatment T8 – Vermicompost @ 2 t ha⁻¹ + Neem cake @ 2 t ha⁻¹ (62.25 cm), which was statistically at par with T7 – Vermicompost @ 2 t ha⁻¹ + Poultry manure @ 2 t ha⁻¹ (63.15 cm). The lowest plant height was noted in T0 – Absolute control (48.00 cm). Similarly, the maximum number of branches per plant was obtained with T8 (13.62), followed by T7 (13.18) and T3 - Vermicompost @ 4 t ha⁻¹ (12.39), while the minimum was recorded in T0 (9.90). The improvement in plant height and branching under vermicompost and neem cake-based treatments may be attributed to the balanced nutrient supply, enhanced microbial activity, and better soil physico-chemical conditions, which promote root growth and nutrient uptake. Similar results have been reported by Singh et al. (2012), Saravanan and Panneerselvam (2014), Singh et al. (2023), Sodavadiya et al., (2023), Rolaniya et al., (2023) and Singh and Khare, (2024).

3.1.2 Yield parameters
The data revealed that different organic nutrient management practices significantly influenced the yield attributes and yield of chickpea. The maximum number of pods per plant was recorded with T8 -Vermicompost @ 2 t ha⁻¹ + Neem cake @ 2 t ha⁻¹ (65.74), which was statistically at par with T7 - Vermicompost @ 2 t ha⁻¹ + Poultry manure @ 2 t ha⁻¹ (63.62). The lowest number of pods per plant was obtained in T0 –-Absolute control (41.33). Similarly, the number of seeds per pod was highest in T8 (2.11), followed by T7 (2.04) and T3 - Vermicompost @ 4 t ha⁻¹ (1.93), while T0 recorded the minimum (1.34). The test weight also followed a similar trend, with T8 (227.71 g) and T7 (218.85 g) being significantly superior to the control (162.52 g). The seed yield was markedly influenced by organic nutrient treatments, and the highest yield (1640 kg ha⁻¹) was recorded in T8, which was statistically at par with T7 (1535 kg ha⁻¹). The lowest yield (910 kg ha⁻¹) was observed under T0. The improvement in yield attributes and yield under vermicompost and neem cake application may be attributed to enhanced nutrient availability, better root growth, and improved soil microbial activity, which collectively enhanced photosynthetic efficiency and pod development. These findings are in agreement with those reported by Ramesha et al. (2011), Patil et al. (2011), Singh et al. (2015), Singh et al. (2023) and Ojashwani et al., (2025).
3.2 Soil analysis
The effect of different organic nutrient management practices on soil physico-chemical properties after harvest of chickpea. The data revealed that bulk density, particle density, soil pH, and electrical conductivity were non-significantly influenced by the treatments, indicating that short-term application of organic manures had a limited effect on these parameters. However, a significant effect was observed on organic carbon and the available nutrient status of the soil. The highest organic carbon (0.57%) was recorded in T2 – FYM @ 10 t ha⁻¹, which was statistically at par with T6 – FYM @ 5 t ha⁻¹ + Neem cake @ 2 t ha⁻¹ (0.55%), T4 – FYM @ 5 t ha⁻¹ + Vermicompost @ 2 t ha⁻¹ (0.55%), T7 – Vermicompost @ 2 t ha⁻¹ + Poultry manure @ 2 t ha⁻¹ (0.54%), and T5 – FYM @ 5 t ha⁻¹ + Poultry manure @ 2 t ha⁻¹ (0.54%). The lowest organic carbon (0.48%) was observed in T0 – Absolute control. The available nitrogen was maximum in T8 – Vermicompost @ 2 t ha⁻¹ + Neem cake @ 2 t ha⁻¹ (184.43 kg ha⁻¹), followed by T7 (182.33 kg ha⁻¹), while the minimum (141.00 kg ha⁻¹) was recorded under T0. Similarly, available phosphorus was highest in T8 (15.62 kg ha⁻¹), at par with T7 (15.44 kg ha⁻¹), and available potassium was maximum in T8 (211.08 kg ha⁻¹), followed by T7 (205.03 kg ha⁻¹) and T3- Vermicompost @ 4 t ha⁻¹ (199.12 kg ha⁻¹). The improvement in soil fertility parameters under vermicompost, neem cake, and poultry manure treatments may be attributed to enhanced

microbial activity, greater mineralization of organic matter, and continuous nutrient release, leading to better nutrient availability in the soil. Similar findings were reported by Chesti and Ali (2012), Khandelwal et al. (2012), Sarkar et al. (2023) and Sinha et al. (2025).
Conclusion: -
Organic nutrient management significantly influenced the growth, yield, and soil fertility of chickpea under semi-arid conditions. The combined application of vermicompost @ 2 t ha⁻¹ + neem cake @ 2 t ha⁻¹ produced the highest yield and improved soil organic carbon and available N, P and K. Though soil physical properties were unaffected in the short term, continued organic use may enhance soil structure and biological activity. Thus, integrating vermicompost and neem cake offers a sustainable, eco-friendly alternative to chemical fertilisers for improving chickpea productivity and soil health in rainfed areas.

Table 1: Effect of different organic nutrient management on growth and yield of chickpea

	
Treatment name
	Plant height
(cm) at harvest
	Number of branches
per plant at harvest
	Number
of pods per plant
	Number of
seed per pod
	Test weight (g)
	Seed yield (kg/ha)

	T1-Control (No application)
	48.00
	9.90
	41.33
	1.34
	162.52
	910

	T2-FYM @10 t ha-1
	54.04
	11.28
	54.45
	1.75
	187.70
	1357

	T3-Vermicompost @ 4 t ha-1
	59.36
	12.39
	59.81
	1.93
	205.62
	1489

	T4-FYM @ 5 t ha-1 + Vermicompost @ 2 t ha-1
	57.61
	12.03
	58.05
	1.87
	199.13
	1445

	T5-FYM @ 5 t ha-1 + Poultry manure @ 2 t ha-1
	56.38
	11.77
	56.81
	1.83
	194.70
	1413

	T6-FYM @ 5 t ha-1 + Neem cake @ 2 t ha-1
	58.43
	12.20
	58.88
	1.90
	201.91
	1466

	T7-Vermicompost @ 2 t ha-1 + Poultry manure @ 2 t ha-1
	
63.15
	
13.18
	
63.62
	
2.04
	
218.85
	
1535

	T8-Vermicompost @ 2 t ha-1 + Neem cake @ 2 t ha-1
	
65.25
	
13.62
	
65.74
	
2.11
	
227.71
	
1640

	S. Em. ±
	1.94
	0.42
	1.85
	0.06
	5.05
	36.52

	CD%
	5.88
	1.27
	5.60
	0.19
	15.32
	110.76



Table 2: Effect of different organic nutrient management on soil properties

	
Treatment name
	Bulk density
(Mg m3)
	Particle density
(Mg m3)
	
Soil pH
	Electrical conductivity (dSm-1)
	Organic carbon (%)
	Available nitrogen (kg/ha)
	Available phosphorus (kg/ha)
	Available potassium (kg/ha)

	T1-Control (No application)
	1.41
	2.85
	7.62
	0.49
	0.48
	141.00
	12.01
	170.85

	T2-FYM @10 t ha-1
	1.24
	2.50
	7.55
	0.53
	0.57
	160.02
	13.56
	177.18

	T3-Vermicompost @ 4 t ha-1
	1.29
	2.61
	7.52
	0.54
	0.52
	175.98
	14.85
	199.12

	T4-FYM @ 5 t ha-1 + Vermicompost @ 2 t ha-1
	1.26
	2.55
	7.45
	0.55
	0.55
	170.65
	14.46
	191.95

	T5-FYM @ 5 t ha-1 + Poultry manure @ 2 t ha-1
	1.28
	2.59
	7.52
	0.54
	0.54
	165.75
	14.04
	185.15

	T6-FYM @ 5 t ha-1 + Neem cake @ 2 t ha-1
	1.26
	2.55
	7.50
	0.53
	0.55
	172.61
	14.68
	194.74

	T7-Vermicompost @ 2 t ha-1 + Poultry manure @ 2 t ha-1
	
1.31
	
2.66
	
7.48
	
0.54
	
0.54
	
182.23
	
15.44
	
205.03

	T8-Vermicompost @ 2 t ha-1 + Neem cake @ 2 t ha-1
	
1.33
	
2.69
	
7.44
	
0.55
	
0.54
	
184.43
	
15.62
	
211.08

	S. Em. ±
	0.02
	0.03
	0.06
	0.02
	0.01
	2.16
	0.16
	4.09

	CD%
	NS
	NS
	NS
	NS
	0.04
	6.55
	0.47
	12.42
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