Effect of Hydrogel and Biofertilizers on Growth, Yield of Chickpea (Cicer arietinum L.) and Physico-chemical Properties of Soil


Abstract 
A field experiment was conducted during rabi season of 2024-25 at Agricultural Research Farm, Department of Soil Science, School of Agriculture Suresh Gyan Vihar University, Jaipur (Rajasthan) to evaluate the effect of hydrogel and biofertilizer (Rhizobium and phosphate-solubilizing bacteria) application on the growth, yield, soil health, and economic performance of chickpea (Cicer arietinum L.) under semi-arid conditions. The results revealed that treatments significantly improved plant growth parameters, yield components, and soil properties compared to individual treatments and the control. The treatment T8 (Hydrogel 7.5 kg/ha + Rhizobium + PSB) recorded the highest plant height (46.78 cm), dry matter accumulation (24.88 g/plant), number of nodules (25.12/plant), pods per plant (45.75), seed index (25.45 g) and seed yield (1545 kg/ha). Correspondingly, T8 also improve the soil physical and chemical properties, with reduced bulk and particle densities and enhanced organic carbon and available NPK levels. Economic analysis showed that although T8 incurred the highest cultivation cost (₹35,463/ha), it also resulted in the maximum gross returns (₹77,250/ha), net returns (₹41,787/ha), and benefit-cost ratio (2.18), indicating high profitability. The findings suggest that the combined application of hydrogel and biofertilizers significantly enhances chickpea productivity, soil health, and economic returns, presenting a sustainable approach for chick pea cultivation in moisture-stressed Agro ecosystems.
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1. Introduction
Chickpea (Cicer arietinum L.) is a crucial legume crop widely cultivated in arid and semi-arid regions due to its nutritional value and adaptability to low-input conditions. However, chickpea production is often constrained by abiotic stresses such as water scarcity, nutrient deficiencies, and soil degradation. In many regions, chickpea is sown after the kharif season under residual soil moisture, where farmers must complete the crop cycle within 90 to 120 days to avoid terminal drought and high temperature stress (Rani et al., 2020). These challenges necessitate the adoption of innovative agronomic strategies to enhance productivity and resource use efficiency.
To address water-related constraints, the Indian Agricultural Research Institute (IARI), New Delhi, has developed Pusa Hydrogel a semi-synthetic, biodegradable, superabsorbent polymer composed of cross-linked polyacrylamide (PMA). This hydrogel absorbs water and gradually releases it to the root zone under moisture stress, functioning as an anti-drought agent (Krasnopeeva et al., 2022; Manzoor et al., 2022). In addition to improving soil moisture retention, Pusa Hydrogel enhances nutrient use efficiency by reducing fertilizer leaching and contributes to water savings of up to 40–70%, with reported yield improvements of 10–25% (Malik et al., 2022).
Simultaneously, the use of biofertilizers such as Rhizobium and Phosphate Solubilizing Bacteria (PSB) has shown promise in chickpea cultivation. These microbial inoculants enhance soil fertility through biological nitrogen fixation, phosphorus solubilization, and production of growth-promoting substances, thereby improving nutrient uptake and crop performance (Chaudhary et al., 2022).
Recent studies suggest that integrating hydrogel and biofertilizers may have synergistic effects on chickpea growth and yield. Hydrogels create a favourable microenvironment that supports microbial activity, while biofertilizers improve nutrient availability. This combined application has been reported to enhance growth parameters such as plant height, number of branches, dry matter accumulation, and ultimately, seed and stover yields.
This study aims to evaluate the combined effect of hydrogel and biofertilizer application on the growth, yield, and water use efficiency of chickpea under moisture-limited conditions, with a view toward developing sustainable strategies for improving chickpea productivity in challenging agro-climatic zones.
2. Materials and methods
A field experiment was conducted during the Rabi season of 2024–25 at the Agricultural Research Farm, Department of Soil Science, School of Agriculture, Suresh Gyan Vihar University, Jaipur, Rajasthan, to assess the effect of hydrogel and biofertilizer application on the growth and yield of chickpea (Cicer arietinum L.). The experimental site is located in a semi-arid, subtropical climate characterized 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 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 ‘RSG-888’ was used in the experiment. The crop was sown on 30th November 2024 using a seed rate of 65 kg/ha, and harvested on 25th March 2025. Seeds were treated with Rhizobium and Phosphate Solubilizing Bacteria (PSB) as per the treatment requirements. Biofertilizer inoculants were applied following standard seed-coating procedures. Hydrogel was applied in the soil at the time of sowing as per the designated treatment rates (2.5, 5.0, and 7.5 kg/ha). 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. The collected data were statistically analysed using analysis of variance (ANOVA) appropriate for the RBD design to determine the significance of treatment effects.
3. Results and Discussion
3.1 Crop study
3.1.1 Growth parameters 
The effect of hydrogel and biofertilizer application on chickpea growth parameters revealed significant differences among treatments. The highest plant height was recorded in T8 (Hydrogel 7.5 kg/ha + Rhizobium + PSB) with an average of 46.78 cm, which was statistically at par with T7 (Hydrogel 7.5 kg/ha + Rhizobium), T6 (Hydrogel 5.0 kg/ha + Rhizobium + PSB), and T5 (Hydrogel 5.0 kg/ha + Rhizobium), recording plant heights of 44.85 cm, 43.98 cm and 43.52 cm, respectively. The lowest plant height was observed in the absolute control (T0) with 35.23 cm.
Similarly, dry matter accumulation followed a comparable trend, with the maximum accumulation recorded in T8 (24.88 g/plant), closely followed by T7 (23.75 g/plant) and T6 (23.58 g/plant), which were statistically at par. The minimum dry matter accumulation was observed in T0 (18.20 g/plant).
The number of nodules per plant, an important indicator of nitrogen fixation, was highest in T8 (25.12 nodules/plant). This treatment was statistically comparable to T7 (24.02 nodules/plant), T6 (23.78 nodules/plant) and T5 (22.89 nodules/plant). The lowest nodulation was recorded in the control treatment (T0) with 17.65 nodules per plant. Similar result also reported by Sharma et al. (2012), Nissa et al. (2017), Singh et al. (2017), Reddy and Dawson (2021) and Prajapat et al., (2025).
These results demonstrate that the combined application of hydrogel at higher doses with biofertilizers (Rhizobium and PSB) significantly enhances chickpea growth and nodulation compared to hydrogel or biofertilizers alone or the control. The findings corroborate earlier studies that reported improved plant height, biomass and nodulation in chickpea due to hydrogel-mediated moisture retention and biofertilizer-induced nutrient availability (Kumar, 2012; Chaudhary et al., 2022; Manzoor et al., 2022). 
3.1.2 Yield parameters 
The number of pods per plant was significantly influenced by the combined application of hydrogel and biofertilizers. The highest pod number was recorded in T8 (Hydrogel 7.5 kg/ha + Rhizobium + PSB) with 45.75 pods per plant, which was statistically at par with T7 (Hydrogel 7.5 kg/ha + Rhizobium) and T6 (Hydrogel 5.0 kg/ha + Rhizobium + PSB), recording 44.25 and 43.26 pods per plant, respectively. The absolute control (T0) showed the lowest pod number (33.36 pods per plant). These findings suggest that enhanced moisture retention from hydrogel combined with improved nutrient availability through biofertilizers promotes pod development, likely by sustaining physiological processes during critical growth stages.
The seed index, an important yield component reflecting seed weight, followed a similar trend. The highest seed index of 25.45 g was observed in T8, closely followed by treatments T7 (25.00 g), T6 (24.95 g) and T5 (24.75 g). The lowest seed index was recorded in the control (22.36 g). Increased seed weight with combined treatments indicates better assimilate partitioning and improved plant health, potentially attributed to the synergistic effect of hydrogel-mediated moisture conservation and biofertilizer-enhanced nutrient uptake (Chaudhary et al., 2022; Malik et al., 2022).
Seed yield showed significant improvement under treatments integrating hydrogel and biofertilizers. The highest seed yield was achieved with T8 (1545 kg/ha), which was statistically at par with T7 (1485 kg/ha), T6 (1448 kg/ha) and T5 (1415 kg/ha). The absolute control (T0) recorded the lowest seed yield of 985 kg/ha. This yield enhancement can be attributed to multiple factors including improved soil moisture availability due to hydrogel application, increased biological nitrogen fixation and phosphorus solubilization from Rhizobium and PSB, and reduced fertilizer losses (Manzoor et al., 2022; Krasnopeeva et al., 2022).
The results align with previous studies demonstrating that hydrogels enhance water retention and reduce irrigation needs, while biofertilizers promote nutrient cycling and plant growth, collectively leading to higher crop productivity (Kumar, 2012; Chaudhary et al., 2022). The synergistic interaction of hydrogel and biofertilizers appears to create a more favourable rhizosphere environment, enabling better nutrient and water use efficiency, and thereby improving growth parameters and yield components in chickpea. Similar result also reported by Malik et al. (2022), Pirzad et al. (2012), Gupta et al. (2020) and Sharma et al. (2025).
3.2 Soil analysis
The application of hydrogel in combination with biofertilizers significantly influenced the soil physical properties. The minimum bulk density was recorded in the treatment T8 (Hydrogel 7.5 kg/ha + Rhizobium + PSB) at 1.33 Mg/m³, which was statistically at par with T7 (1.35 Mg/m³) and T6 (1.36 Mg/m³). In contrast, the maximum bulk density was observed in the absolute control (T0) with 1.43 Mg/m³. Lower bulk density in treated plots suggests improved soil structure, which is often linked to enhanced porosity and better root penetration (Manzoor et al., 2022).
Similarly, particle density was lowest in T8 (2.55 Mg/m³) and comparable to T7 (2.59 Mg/m³), while the control recorded the highest particle density of 2.75 Mg/m³. The reduction in particle density may be attributed to increased organic matter and improved soil aggregation resulting from the combined effect of hydrogels and microbial activity.
The organic carbon content showed significant improvement with the integrated application of hydrogel and biofertilizers. The highest organic carbon percentage was found in T8 (0.45%), followed by T7 (0.43%), T6 (0.42%) and T5 (0.41%) treatments. The control plot maintained the lowest organic carbon level at 0.35%. The enhancement in organic carbon may be linked to improved plant biomass and root exudation, promoting microbial biomass and soil organic matter accumulation (Chaudhary et al., 2022).
Available soil nutrients nitrogen (N), phosphorus (P), and potassium (K) also showed a marked increase under treatments combining hydrogel with biofertilizers. The maximum available nitrogen was recorded in T8 (150.58 kg/ha), closely followed by T7 (149.75 kg/ha), with the minimum in the control (135.25 kg/ha). Available phosphorus was highest in T8 (18.82 kg/ha), with significant values in T7 (17.65 kg/ha), T6 (17.15 kg/ha) and T5 (16.12 kg/ha), compared to 13.36 kg/ha in the control. Similarly, potassium availability peaked in T8 (191.48 kg/ha) and was comparable to T7 (190.36 kg/ha) and T6 (188.28 kg/ha), while the control plot showed the lowest potassium content (178.32 kg/ha). 
The increase in nutrient availability can be attributed to several factors: hydrogels enhance soil moisture retention, thus facilitating nutrient solubility and uptake; biofertilizers such as Rhizobium and PSB improve biological nitrogen fixation and phosphorus solubilization; and the improved soil physical conditions reduce nutrient leaching losses (Malik, 2022; Manzoor et al., 2022). The improved nutrient status likely contributed to enhanced plant growth and yield observed in the integrated treatments.
These findings corroborate previous studies indicating that hydrogel application, combined with beneficial microbes, improves soil physical and chemical health, thereby supporting sustainable crop production in moisture-limited environments (Krasnopeeva et al., 2022; Chaudhary et al., 2022).
3.3 Economics 
The economic evaluation of different treatments revealed significant variations in cost of cultivation, gross returns, net returns, and benefit-cost (B:C) ratio. The maximum cost of cultivation was observed in treatment T8 (Hydrogel 7.5 kg/ha + Rhizobium + PSB) amounting to ₹35,463/ha, closely followed by T7 (Hydrogel 7.5 kg/ha + Rhizobium) and T6 (Hydrogel 5.0 kg/ha + Rhizobium + PSB) with ₹34,963/ha and ₹33,475/ha, respectively. The minimum cost was recorded in the control plot (T0) at ₹28,500/ha. The higher costs in treatments incorporating hydrogels and biofertilizers are attributed to the expenses associated with these inputs.
Despite the increased cultivation cost, these treatments produced substantially higher economic returns. The maximum gross return was recorded under T8 at ₹77,250/ha, followed by T7 (₹74,250/ha), T6 (₹72,400/ha) and T5 (₹70,400/ha), whereas the control yielded the lowest gross return of ₹49,250/ha. This increase is consistent with the improved crop yield and quality observed in these treatments.
Correspondingly, the net returns were highest in T8 (₹41,787/ha), followed by T7 (₹39,287/ha) and T6 (₹38,925/ha), with the control recording the lowest net return of ₹20,750/ha. The superior net returns from treatments combining hydrogel and biofertilizers highlight the economic viability of these inputs despite their higher initial costs.
Furthermore, the B:C ratio, an indicator of profitability, was highest in T8 (2.18), followed closely by T6 (2.16) and T3 (Hydrogel 2.5 kg/ha + Rhizobium + PSB) with 2.16. The control treatment recorded the lowest B:C ratio of 1.73. These findings demonstrate that the combined application of hydrogel and biofertilizers not only enhances yield but also offers better returns on investment.
The economic benefits observed are in line with previous reports where hydrogels improved water use efficiency, reducing irrigation needs, while biofertilizers enhanced nutrient availability, collectively leading to higher productivity and profitability (Kumar, 2012; Chaudhary et al., 2023). Therefore, despite higher initial cultivation costs, integrated use of hydrogel with biofertilizers proves to be an economically sustainable approach for chickpea cultivation under semi-arid conditions.
Conclusion 
The present study demonstrated that the integrated application of hydrogel at 7.5 kg/ha combined with biofertilizers Rhizobium and PSB (treatment T8) significantly enhanced the growth, yield, and soil health parameters of chickpea under semi-arid conditions. Moreover, the combined use of hydrogel and biofertilizers positively influenced soil physical and chemical properties by reducing bulk and particle density, while enhancing organic carbon content and the availability of essential nutrients (N, P and K). These improvements contributed to a more favourable rhizosphere environment, promoting better water and nutrient use efficiency. Economically, although the cost of cultivation was higher with integrated treatments, the substantial increase in gross and net returns, along with the superior benefit-cost ratio, confirmed the profitability and sustainability of using hydrogel and biofertilizers in chickpea cultivation.
Overall, the integration of hydrogel and biofertilizers emerges as an effective agronomic practice to improve chickpea productivity, soil fertility, and economic returns in moisture-limited semi-arid agroecosystems. Adoption of this strategy can contribute significantly to sustainable crop production and resource conservation in similar agroclimatic zones.







Table 1 Effect of hydrogel and biofertilizers on growth and yield attributes of chickpea  
	Treatments
	Plant height
(cm)
	Dry matter accumulation per plant (g)
	Number of nodules per plant at 40 DAS
	Number of pods per plant
	Seed index (g)
	Seed yield
 (kg/ha)

	T0-Absolute Control
	35.23
	18.20
	17.65
	33.36
	22.36
	985

	T1-Hydrogel 2.5 kg/ha
	37.52
	20.22
	19.36
	37.52
	23.02
	1274

	T2-Hydrogel 2.5 kg/ha + Rhizobium
	38.62
	21.45
	20.25
	38.45
	23.48
	1310

	T3-Hydrogel 2.5 kg/ha + Rhizobium + PSB
	38.85
	21.87
	21.65
	39.28
	23.88
	1358

	T4-Hydrogel 5.0 kg/ha
	41.65
	22.63
	22.36
	40.25
	24.15
	1385

	T5-Hydrogel 5.0 kg/ha + Rhizobium
	43.52
	23.42
	22.89
	41.65
	24.75
	1415

	T6-Hydrogel 5.0 kg/ha + Rhizobium + PSB
	43.98
	23.58
	23.78
	43.36
	24.95
	1448

	T7-Hydrogel 7.5 kg/ha + Rhizobium
	44.85
	23.75
	24.02
	44.25
	25.00
	1485

	T8-Hydrogel 7.5 kg/ha + Rhizobium + PSB
	46.78
	24.88
	25.12
	45.75
	25.45
	1545

	S. Em. ±
	1.68
	0.48
	0.90
	1.35
	0.39
	51.16

	CD%
	5.03
	1.43
	2.69
	4.06
	1.17
	153.37






Table 2 Effect of hydrogel and biofertilizers on soil properties after harvest of chickpea   
	Treatments
	Bulk density (Mg/m3) 
	Particle density
(Mg/m3)
	pH
	Electrical density
(dSm-1)
	Organic 
carbon (%)
	Available nitrogen (kg/ha)
	Available phosphorus (kg/ha)
	Available potassium (kg/ha)

	T0-Absolute Control
	1.43
	2.75
	7.60
	0.48
	0.35
	135.25
	13.36
	178.32

	T1-Hydrogel 2.5 kg/ha
	1.41
	2.71
	7.57
	0.49
	0.37
	142.32
	13.85
	182.65

	T2-Hydrogel 2.5 kg/ha + Rhizobium
	1.40
	2.69
	7.56
	0.49
	0.38
	145.65
	14.02
	183.45

	T3-Hydrogel 2.5 kg/ha + Rhizobium + PSB
	1.39
	2.67
	7.55
	0.48
	0.40
	146.25
	15.32
	185.36

	T4-Hydrogel 5.0 kg/ha
	1.38
	2.65
	7.53
	0.48
	0.39
	145.85
	15.85
	186.85

	T5-Hydrogel 5.0 kg/ha + Rhizobium
	1.37
	2.63
	7.52
	0.47
	0.41
	147.78
	16.12
	187.65

	T6-Hydrogel 5.0 kg/ha + Rhizobium + PSB
	1.36
	2.61
	7.51
	0.46
	0.42
	148.05
	17.15
	188.28

	T7-Hydrogel 7.5 kg/ha + Rhizobium
	1.35
	2.59
	7.48
	0.45
	0.43
	149.75
	17.65
	190.36

	T8-Hydrogel 7.5 kg/ha + Rhizobium + PSB
	1.33
	2.55
	7.46
	0.44
	0.45
	150.58
	18.82
	191.48

	S. Em. ±
	0.01
	0.01
	0.06
	0.01
	0.01
	0.76
	0.26
	1.08

	CD%
	0.03
	0.04
	NS
	NS
	0.04
	2.29
	0.79
	3.24






Table 3 Effect of hydrogel and biofertilizers on economics   
	Treatments
	Cost of cultivation
 (₹/ha)
	Gross return
 (₹/ha)
	Net return
 (₹/ha)
	B:C ratio

	T0-Absolute Control
	28500
	49250
	20750
	1.73

	T1-Hydrogel 2.5 kg/ha
	30488
	63700
	33212
	2.09

	T2-Hydrogel 2.5 kg/ha + Rhizobium
	30988
	65500
	34512
	2.11

	[bookmark: _Hlk208657203]T3-Hydrogel 2.5 kg/ha + Rhizobium + PSB
	31488
	67900
	36412
	2.16

	T4-Hydrogel 5.0 kg/ha
	32475
	69250
	36775
	2.13

	T5-Hydrogel 5.0 kg/ha + Rhizobium
	32975
	70750
	37775
	2.15

	T6-Hydrogel 5.0 kg/ha + Rhizobium + PSB
	33475
	72400
	38925
	2.16

	T7-Hydrogel 7.5 kg/ha + Rhizobium
	34963
	74250
	39287
	2.12

	T8-Hydrogel 7.5 kg/ha + Rhizobium + PSB
	35463
	77250
	41787
	2.18
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