


Effect of Organic and Inorganic Fertilizers on Growth and Yield of Chickpea (Cicer arietinum L.)
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Chickpea (Cicer arietinum L.) is a vital pulse crop contributing significantly to food and nutritional security in India. However, its productivity is constrained by nutrient deficiencies and declining soil fertility. Integrated Nutrient Management (INM), which combines chemical fertilizers, organic manures, and biofertilizers, has been identified as a sustainable approach to improve soil health and crop productivity. A field experiment was conducted during the rabi season of 2024–25 at the Agricultural Farm of Mewar University, Rajasthan, to evaluate the impact of INM on the growth, yield, nutrient uptake, and economic returns of chickpea under irrigated conditions. The experiment was laid out in a randomized block design with nine treatments involving different combinations of recommended dose of fertilizers (RDF), vermicompost, and biofertilizers. Results revealed that the combined application of 75% RDF + 25% vermicompost + biofertilizers (T₇) consistently outperformed other treatments, recording the highest plant height (67.1 cm), dry matter accumulation (21.83 g/plant), yield attributes (54.46 pods/plant, 2.25 seeds/pod, 100-seed weight of 20.6 g), and grain yield (2430 kg/ha). Economic analysis further confirmed that T₇ provided maximum net returns (₹70,600/ha) with a high benefit-cost ratio (2.26), comparable to 100% RDF (2.27). The findings highlight that INM not only enhances productivity but also ensures economic sustainability, making it a promising nutrient management strategy for chickpea cultivation in semi-arid regions.
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Introduction
Chickpea (Cicer arietinum L.) is one of the most important leguminous crops, valued for its rich nutritional profile and vital role in ensuring food and nutritional security. Despite its importance, chickpea production is often limited by nutrient deficiencies and declining soil fertility, which adversely affect both yield and grain quality (Jakar et al., 2020). To overcome these challenges, integrated nutrient management (INM) has been recognized as an eco-friendly and sustainable practice that not only enhances productivity but also preserves the nutritional content of the crop.
Pulses, in general, are unique among crops due to their ability to improve soil fertility through biological nitrogen fixation. Their extensive root systems, coupled with natural leaf litter, contribute organic matter and enrich the soil with nutrients. As an essential component of human diets, pulses are also a primary source of plant-based protein, supporting both health and food security (Abdul et al., 2005; Arya, et al., 2022).

India is one of the largest producers and consumers of pulses, cultivating approximately 23 million hectares and producing around 14.4 million tonnes annually (FAO, 2020). Among these, chickpea stands out as the most widely grown pulse crop, particularly in the semi-arid tropics, owing to its adaptability, resilience, and high protein content. The crop contributes nearly 30.9% of the total pulse area and 39.9% of pulse production in the country, covering about 7.1 million hectares with an estimated output of 5.75 million tonnes. Madhya Pradesh is the leading state in chickpea cultivation, producing about 26.6 lakh tonnes with an average productivity of 931 kg/ha across nearly 28.62 lakh hectares of land (FAO, 2025)
The increasing dependence on chemical fertilizers has raised concerns over environmental degradation and human health, underscoring the need for sustainable alternatives. In this context, Integrated Nutrient Management (INM) has emerged as a comprehensive strategy that combines organic and inorganic nutrient sources to enhance nutrient use efficiency, improve soil health, and sustain crop productivity. (Arya, et al., 2023).

2. MATERIALS AND METHODS

2.1 Experimental Site and Climate 

The field experiment was conducted during the rabi season of 2024-25 at the Agricultural Farm of Mewar University, Gangrar, Chittorgarh, Rajasthan. The experimental site is geographically located at 10.57° N latitude and 75.20° E longitude, with an altitude of 267 meters above mean sea level. The soil of the experimental site was sandy loam, slightly saline, low in available nitrogen (315 kg/ha), medium in available phosphorus (22.3 kg/h), and high in available potassium (398 kg/ha), with sufficient micronutrients.

2.2 Experimental Design and Treatments

The experiment was laid out in a Randomized Block Design (RBD) with three replications. Nine treatment combinations were evaluated:

Table .1 Treatment Details

	S.  No.
	Treatments
	Symbols

	1.
	Control
	T1

	2.
	100% RDF
	T2

	3.
	100% vermicompost (3.00 t ha-1)
	T3

	4.
	75% RDF + 25% vermicompost (0.75 t ha-1)
	T4

	5.
	50% RDF + 50% vermicompost (1.5 tha-1)
	T5

	6.
	25% RDF + 75% vermicompost (2.25 t ha-1
	T6

	7.
	75% RDF + 25% vermicompost (0.75 t ha-1) + biofertilizers (Rhizobium+ PSB)
	T7

	8.
	50% RDF + 50% vermicompost (1.5 t ha-1) + biofertilizers (Rhizobium+ PSB)
	T8

	9.
	25% RDF + 75% vermicompost (2.25 t ha-1) + biofertilizers (Rhizobium+ PSB)
	T9



2.3 Crop Management

Field preparation involved one ploughing with a disc plough, followed by cross harrowing and planking (Present Study). The experimental field was demarcated with provisions for irrigation/buffer channels (Present Study). Seeds were sown using a seed drill method in the second fortnight of October (Present Study). Row spacing was maintained at 30 cm, with a sowing depth of 8 cm, and a seed rate of 80 kg/ha (Present Study). Thinning, hoeing, and weeding were carried out 40 days after sowing to minimize weed competition (Present Study). Other standard agronomic practices were uniformly applied across all plots.

2.4 Data Collection

Various parameters were measured to assess the treatment effects:
· Plant Population: Number of plants per meter row length was counted at 30 days after sowing (DAS) and at harvest. 

· Growth Attributes: Plant height (cm), dry matter accumulation (g/plant), and number of branches per plant were recorded.

· Yield Attributes: Number of pods per plant, number of seeds per pod, and 100-seed weight (seed index) were measured.

· Yield: Grain yield (kg/ha) and straw yield (kg/ha) were calculated. 

· Nutrient Content and Uptake: Nitrogen, phosphorus, and potassium content in chickpea seed and straw were determined using standard procedures. 

· Economic Analysis: Gross returns, net returns, and benefit-cost ratio were calculated.

2.5 Statistical Analysis

The collected data were subjected to appropriate statistical analysis, presumably Analysis of Variance (ANOVA), to evaluate the significance of treatment effects (Panse & Sukhatme, 1985). The results were interpreted in light of statistical evidence.

3. RESULTS AND DISCUSSION
3.1 Effect of Integrated Nutrient Management on Plant Height of Chickpea (Cicer arietinum L.) under Irrigated Conditions
	The data presented in Table 2 reveals that plant height of chickpea was significantly influenced by different integrated nutrient management (INM) treatments at all growth stages — 30, 60, 90, and 120 days after sowing (DAS).
At 30 DAS, the tallest plants were recorded in the treatment T₇ (75% RDF + 25% vermicompost + biofertilizers), which achieved a height of 19.1 cm, followed by T₄ (17.7 cm) and T₂ (17.6 cm). The shortest plants were observed in the control (T₁), with a height of 14.0 cm. At 60 DAS, T₇ again produced the maximum plant height (38.3 cm), indicating superior early vegetative growth, while T₁ remained the lowest (25.5 cm). By 90 DAS, T₇ maintained the highest plant height (53.9 cm), followed closely by T₄ (51.2 cm) and T₂ (51.0 cm). Treatments with biofertilizers generally outperformed those without, highlighting their positive role in enhancing plant growth. At the final observation, 120 DAS, the maximum height was again observed in T₇ (67.1 cm), while T₁ recorded the lowest value (47.4 cm). This consistent trend across growth stages shows the superior performance of combined application  of RDF  in promoting vegetative growth.
Overall, the application of 75% RDF + 25% vermicompost + biofertilizers (T₇) proved to be the most effective treatment in enhancing plant height throughout the crop growth period, whereas the control treatment (T₁) consistently showed the least growth. This suggests that the integration of chemical and organic fertilizers along with biofertilizers leads to improved nutrient availability and uptake, thus positively impacting chickpea growth. (Ali et al., 2021; Meena et al., 2021)
Table 2: Influence of Integrated Nutrient Management on Plant Height (cm) of Chickpea (Cicer arietinum L.)
	[bookmark: OLE_LINK1]Treatments
	30 DAS
	60 DAS
	90 DAS
	120 DAS

	T1: Control
	14.0
	25.5
	36.8
	47.4

	T2: 100% RDF (18:48:0 kg ha⁻¹)
	17.6
	36.1
	51.0
	63.8

	T3: 100% vermicompost (3.00 t ha⁻¹)
	15.4
	30.7
	42.7
	57.6

	T4: 75% RDF + 25% vermicompost (0.75 t ha⁻¹)
	17.7
	36.2
	51.2
	63.8

	T5: 50% RDF + 50% vermicompost (1.5 t ha⁻¹)
	16.8
	33.3
	49.4
	61.4

	T6: 25% RDF + 75% vermicompost (2.25 t ha⁻¹)
	16.6
	31.9
	46.4
	59.1

	T7: 75% RDF + 25% vermicompost + biofertilizers
	19.1
	38.3
	53.9
	67.1

	T8: 50% RDF + 50% vermicompost + biofertilizers
	17.6
	35.8
	49.9
	63.0

	T9: 25% RDF + 75% vermicompost + biofertilizers
	16.3
	32.6
	47.7
	60.5

	SE(m)±
	0.62
	1.02
	1.20
	1.56

	CD at 5%
	1.85
	3.05
	3.58
	4.17

	CV %
	6.39
	5.28
	4.36
	4.47


4.2 Effect of Integrated Nutrient Management on Dry Matter Accumulation of Chickpea
The data presented in Table 3. indicates that dry matter accumulation in chickpea plants increased progressively from 30 DAS to 120 DAS under all treatments. However, the magnitude of accumulation differed significantly among the treatments.
At 30 DAS, the highest dry matter accumulation was recorded in treatment T7 (0.76 g plant⁻¹), which included 75% RDF + 25% vermicompost + biofertilizers. This was followed closely by T4 (0.71 g plant⁻¹) and T2 (0.70 g plant⁻¹). The lowest dry matter accumulation at this stage was observed in the control (T1), which recorded 0.52 g plant⁻¹. At 60 DAS, T7 again exhibited the highest accumulation (2.73 g plant⁻¹), followed by T4 and T2 (2.53 g plant⁻¹ each). Control (T1) continued to show the lowest value (1.03 g plant⁻¹), indicating the positive impact of integrated nutrient application on early biomass buildup.
By 90 DAS, treatment T7 maintained superiority with the highest dry matter accumulation of 8.63 g plant⁻¹. T4 and T2 followed closely with 8.13 g and 8.03 g plant⁻¹, respectively. On the other hand, the control (T1) recorded the lowest accumulation (4.23 g plant⁻¹), which was nearly half that of the best-performing treatment.
At 120 DAS, which corresponds to the maturity stage, the highest dry matter accumulation was again recorded under T7 (21.83 g plant⁻¹), demonstrating the sustained benefit of integrated nutrient management. Treatments T4 and T2 also performed well, with values of 20.43 g and 19.93 g plant⁻¹, respectively. In contrast, the control (T1) recorded the lowest value of 9.93 g plant⁻¹.
Overall, treatment T7 consistently resulted in the highest dry matter accumulation at all growth stages, highlighting the synergistic effect of chemical fertilizers, organic manure, and biofertilizers. The control treatment (T1), lacking external nutrient supplementation, consistently showed the lowest performance. These results underscore the importance of integrated nutrient management in enhancing biomass production in chickpea (Kumar et al., 2023; Yadav et al., 2024)

Table 3.: Effect of Integrated Nutrient Management on Dry Matter Accumulation (g plant⁻¹) of Chickpea (Cicer arietinum L.) 
	Treatments
	30 DAS
	60 DAS
	90 DAS
	120 DAS

	T₁: Control
	0.52
	1.03
	4.23
	9.93

	T₂: 100% RDF (18:48:0 kg ha⁻¹)
	0.70
	2.53
	8.03
	19.93

	T₃: 100% vermicompost (3.00 t ha⁻¹)
	0.57
	1.13
	6.03
	12.93

	T₄: 75% RDF + 25% vermicompost (0.75 t ha⁻¹)
	0.71
	2.53
	8.13
	20.43

	T₅: 50% RDF + 50% vermicompost (1.5 t ha⁻¹)
	0.66
	1.93
	7.43
	17.83

	T₆: 25% RDF + 75% vermicompost (2.25 t ha⁻¹)
	0.59
	1.33
	6.33
	15.23

	T₇: 75% RDF + 25% vermicompost + biofertilizers (Rhizobium + PSB)
	0.76
	2.73
	8.63
	21.83

	T₈: 50% RDF + 50% vermicompost + biofertilizers (Rhizobium + PSB)
	0.68
	2.33
	7.93
	19.23

	T₉: 25% RDF + 75% vermicompost + biofertilizers (Rhizobium + PSB)
	0.64
	1.83
	7.23
	17.13

	SE(m)±
	0.02
	0.06
	0.24
	0.75

	CD at 5%
	0.05
	0.17
	0.73
	2.14

	CV%
	5.33
	5.38
	5.85
	7.52




3.3 Effect of Integrated Nutrient Management on Yield Attributes of Chickpea
The data presented in Table 4. show that the yield attributes of chickpea, including the number of branches per plant, number of pods per plant, number of seeds per pod, and 100-seed weight, were significantly influenced by different integrated nutrient management (INM) treatments.
The maximum number of branches per plant was recorded under treatment T7 (75% RDF + 25% vermicompost + biofertilizers), with a value of 7.60. This was followed by T4 (6.98), T2 (6.78), and T8 (6.68). The control treatment (T1) recorded the lowest number of branches per plant (3.57), indicating the positive effect of nutrient supplementation on vegetative growth. Regarding the number of pods per plant, T7 again produced the highest value (54.46), followed by T4 (51.35), T8 (50.50), and T2 (50.28). The lowest number of pods (31.82) was observed in the control (T1), confirming the superior performance of integrated nutrient application over non-treated plots.
In terms of the number of seeds per pod, T7 recorded the highest value of 2.25, followed by T4 (2.05) and T2 (2.02). The lowest value (1.05) was observed in the control. Treatments involving vermicompost alone or in partial substitution of RDF without biofertilizers, such as T3 and T6, recorded intermediate values ranging from 1.20 to 1.56.
The 100-seed weight, an important indicator of seed quality and size, was also highest in T7 (20.60 g), followed by T8 (19.59 g), T6 (18.55 g), and T4 (18.25 g). The control treatment (T1) again had the lowest 100-seed weight (15.23 g), which was significantly lower than all other treatments.
Overall, the results clearly indicate that treatment T7 (75% RDF + 25% vermicompost + biofertilizers) was the most effective in improving all yield attributes of chickpea. This suggests that integrating chemical fertilizers with organic and biological inputs significantly enhances plant productivity and reproductive potential.
Table 4.: Effect of Integrated Nutrient Management on Yield Attributes of Chickpea  
	Treatments
	No. of Branches Plant⁻¹
	No. of Pods Plant⁻¹
	No. of Seeds Pod⁻¹
	100-Seed Weight (g)

	T₁: Control
	3.57
	31.82
	1.05
	15.23

	T₂: 100% RDF (18:48:0 kg ha⁻¹)
	6.78
	50.28
	2.02
	18.16

	T₃: 100% Vermicompost (3.00 t ha⁻¹)
	4.26
	36.23
	1.20
	17.91

	T₄: 75% RDF + 25% Vermicompost (0.75 t ha⁻¹)
	6.98
	51.35
	2.05
	18.25

	T₅: 50% RDF + 50% Vermicompost (1.5 t ha⁻¹)
	6.07
	44.68
	1.56
	18.01

	T₆: 25% RDF + 75% Vermicompost (2.25 t ha⁻¹)
	4.96
	38.11
	1.23
	18.55

	T₇: 75% RDF + 25% Vermicompost + Biofertilizers (Rhizobium + PSB)
	7.6
	54.46
	2.25
	20.60

	T₈: 50% RDF + 50% Vermicompost + Biofertilizers (Rhizobium + PSB)
	6.68
	50.50
	1.73
	19.59

	T₉: 25% RDF + 75% Vermicompost + Biofertilizers (Rhizobium + PSB)
	5.47
	43.72
	1.42
	17.96

	SE(m)±
	0.35
	1.40
	0.05
	0.19

	CD at 5%
	1.05
	5.18
	0.14
	0.56

	CV%
	6.22
	5.45
	5.40
	1.76


3.4 Effect of Integrated Nutrient Management on Yield of Chickpea
The effect of different integrated nutrient management (INM) treatments on yield parameters of chickpea is presented in Table 4.. The results indicate significant variation in grain yield, stover yield, biological yield, and harvest index among the treatments. The grain yield was highest in T₇ (75% RDF + 25% vermicompost + biofertilizers) with 2430 kg/ha, followed closely by T₄ (2354 kg/ha) and T₂ (2302 kg/ha). The lowest grain yield was recorded in the control (T₁) with 1412 kg/ha, showing the importance of nutrient supplementation. In terms of stover yield, T₇ again recorded the highest value of 3432 kg/ha, followed by T₄ (2342 kg/ha) and T₆ (2391 kg/ha). The lowest stover yield was observed in T₈ (1571 kg/ha). The biological yield, which is the sum of grain and stover yields, was maximum in T₇ (5862 kg/ha), followed by T₄ (4696 kg/ha), and T₅ (4493 kg/ha). The lowest biological yield was recorded under the control treatment (T₁) with 2941 kg/ha. Regarding the harvest index (HI), which reflects the proportion of grain yield to total above-ground biomass, the highest HI was observed in T₈ (58.8%), followed by T₂ (58.5%) and T₄ (50.1%). The lowest harvest index was found in T₇ (41.5%) despite having the highest grain yield, indicating a greater proportion of biomass in the vegetative part. These results demonstrate that integrated nutrient management, particularly with the addition of biofertilizers, significantly enhances chickpea productivity. Treatment T₇ was most effective in maximizing total biomass and grain yield, although its harvest index was slightly lower, suggesting luxurious vegetative growth. Conversely, T₂ and T₈ were more efficient in converting biomass into grain yield, as reflected by their high harvest indices (Singh et al., 2025; Choudhary et al., 2021).

Table 5 Effect of Integrated Nutrient Management on Yield of Chickpea
	Treatments
	Grain Yield (kg/ha)
	Stover Yield (kg/ha)
	Biological Yield (kg/ha)
	Harvest Index (%)

	T₁: Control
	1412
	1529
	2941
	48.0

	T₂: 100% RDF
	2302
	1630
	3932
	58.5

	T₃: 100% Vermicompost
	1701
	2066
	3767
	45.1

	T₄: 75% RDF + 25% VC
	2354
	2342
	4696
	50.1

	T₅: 50% RDF + 50% VC
	2194
	2299
	4493
	48.8

	T₆: 25% RDF + 75% VC
	1795
	2391
	4186
	42.9

	T₇: 75% RDF + 25% VC + Bio
	2430
	3432
	5862
	41.5

	T₈: 50% RDF + 50% VC + Bio
	2238
	1571
	3809
	58.8

	T₉: 25% RDF + 75% VC + Bio
	1957
	2611
	4568
	42.9

	SE(m)±
	75.37
	102.35
	116.38
	1.56

	CD at 5%
	227.49
	307.26
	349.56
	4.75

	CV%
	6.8
	7.46
	7.45
	3.65



3.4 Economic Analysis of Chickpea under Integrated Nutrient Management Practices
The economic analysis of different Integrated Nutrient Management (INM) treatments on chickpea is presented in Table 5. The table summarizes the gross return, cost of cultivation, net return, and benefit-cost (B:C) ratio under each treatment scenario. The gross return was highest in treatment T₇ (75% RDF + 25% vermicompost + biofertilizers) at ₹1,26,600 per hectare, followed by T₂ (100% RDF) at ₹1,20,100 and T₄ (75% RDF + 25% vermicompost) at ₹1,17,700. The lowest gross return was observed in the control (T₁) at ₹60,600 per hectare. In terms of net return, T₇ also recorded the highest value (₹70,600/ha), closely followed by T₂ (₹67,100/ha) and T₄ (₹62,200/ha). In contrast, the lowest net return was noted in the control treatment (₹17,942/ha), reflecting the limited profitability in the absence of nutrient inputs. The cost of cultivation varied among treatments due to differences in input combinations. The highest cultivation cost was observed in T₃ (100% vermicompost) at ₹59,312/ha, while the control (T₁) incurred the lowest cost at ₹42,658/ha. (Sharma et al., 2025)
The benefit-cost ratio (B:C ratio), which indicates the economic efficiency of each treatment, was found to be maximum in T₂ (2.27) and T₇ (2.26), suggesting that these treatments provided the highest return per rupee invested. On the other hand, the lowest B:C ratio was recorded in T₁ (1.42), followed closely by T₃ (1.43), reflecting poor economic returns in the absence or sole use of organic inputs. Overall, the findings suggest that T₇ (75% RDF + 25% vermicompost + biofertilizers) and T₂ (100% RDF) were the most economically viable nutrient management practices for chickpea production, providing superior net returns and profitability without excessive cultivation costs (Kumar et al., 2025)

Table 6: Assessing the Cost of Cultivation, Net Returns, and Benefit-Cost Ratio of Chickpea (Cicer arietinum L.) under Various Integrated Nutrient Management Scenarios
	Treatments
	Gross Return (₹/ha)
	Cost of Cultivation (₹/ha)
	Net Return (₹/ha)
	B:C Ratio

	T₁: Control
	60,600
	42,658
	17,942
	1.42

	T₂: 100% RDF
	1,20,100
	53,000
	67,100
	2.27

	T₃: 100% Vermicompost
	85,100
	59,312
	25,788
	1.43

	T₄: 75% RDF + 25% VC
	1,17,700
	55,500
	62,200
	2.12

	T₅: 50% RDF + 50% VC
	1,09,700
	57,000
	52,700
	1.92

	T₆: 25% RDF + 75% VC
	89,750
	58,000
	31,750
	1.55

	T₇: 75% RDF + 25% VC + Biofertilizers
	1,26,600
	56,000
	70,600
	2.26

	T₈: 50% RDF + 50% VC + Biofertilizers
	1,14,600
	57,500
	57,100
	1.99

	T₉: 25% RDF + 75% VC + Biofertilizers
	99,800
	58,500
	41,300
	1.71



Conclusion
The study clearly demonstrated that integrated nutrient management practices substantially improve the growth, yield, and profitability of chickpea compared to sole reliance on chemical or organic fertilizers. Among the tested treatments, the combination of 75% RDF + 25% vermicompost + biofertilizers (T₇) proved to be the most effective, leading to maximum plant growth, biomass accumulation, grain yield, and economic returns. Although 100% RDF also provided high profitability, the inclusion of organic and biological sources in T₇ contributed to better soil health and sustainable productivity. Therefore, adopting INM practices can serve as an eco-friendly and economically viable alternative for chickpea growers, ensuring long-term soil fertility, enhanced crop performance, and food security in India.
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