


Optimization of Crop Establishment Techniques and Moisture Conservation Practices for Enhancing Productivity of Chickpea (Cicer arietinum L.) under Bundelkhand Region of Uttar Pradesh, India

Abstract
Chickpea is a major pulse crop, especially in India, valued for its nutritional benefits and role in improving soil fertility through nitrogen fixation. However, its productivity is constrained by moisture stress and poor agronomic practices, particularly in rainfed regions. Improved crop establishment methods and moisture conservation practices like ridge/BBF systems and mulching can enhance water use efficiency and increase yield. A field experiment was conducted during the Rabi season of 2022-23 at the Student Instructional Farm, Brahmanand Post Graduate College, Rath (U.P.) to evaluate the effect of crop establishment techniques and moisture conservation practices on chickpea under rainfed conditions of the Bundelkhand region. The experiment was laid out in randomized block design with seven treatments and three replications. On the basis of data results reveled that among treatments, T₇ [broad bed furrow (BBF) of 105 cm with three rows along with straw mulch] recorded superior growth in terms of nodules (23.8 plant-¹), plant dry weight (25.4 g plant-¹) and branches (16.5 plant-¹), while T₂ (ridge sowing) produced the tallest plants (59.6 cm). In yield parameters, T₂ registered the highest grain yield (51.67 q ha-¹) and harvest index (49.11%), whereas T₇ achieved maximum stover (60.83 q ha-¹) and biological yield (110.28 q ha-¹). The lowest performance was observed under T₃ (skipping one row). The enhanced productivity under ridge and BBF systems with mulching was mainly due to improved soil moisture conservation, aeration and nutrient use efficiency. 
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INTRODUCTION
Chickpea (*Cicer arietinum* L.) is a major grain legume of global agricultural significance, widely cultivated in India and numerous other regions, and classified within the family Fabaceae. On a global scale, chickpea is grown across approximately 13 million hectares, yielding an annual production of about 12.4 million tonnes. According to reports from the Food and Agriculture Organization, India remains the predominant producer, accounting for nearly 65% of total global output. Within the Indian agricultural system, chickpea occupies nearly 38% of the total area under pulse cultivation and contributes close to half of the country’s overall pulse production. Owing to its nutritional value, adaptability to diverse agro-climatic conditions, and role in sustainable cropping systems, chickpea continues to be a crop of considerable economic and dietary importance. In India, chickpea is grown on approximately 10.17 million hectares with a total production of 11.35 million tonnes and an average productivity of 1,116 kg ha-¹ (Directorate of Economics and Statistics, 2022). It is a rich source of protein (18-22%), carbohydrates, dietary fiber, vitamins, and minerals, making it a vital component of the human diet, particularly for the vegetarian population. India ranks first in both area and production of chickpea, contributing a major share to global output. Apart from its nutritional importance, chickpea plays a significant role in maintaining soil health due to its ability to fix atmospheric nitrogen through symbiotic association with Rhizobium bacteria, thereby reducing the dependency on synthetic fertilizers and improving soil fertility for succeeding crops.
Despite its importance, the productivity of chickpea is relatively low compared to its potential yield. This is mainly due to several constraints such as improper crop establishment methods, poor soil moisture management, erratic rainfall and inadequate agronomic practices (Naorem et al., 2023). In semi-arid and rainfed regions, where chickpea is predominantly grown, moisture stress during critical growth stages severely affects plant growth, nodulation, and yield. Efficient utilization and conservation of available soil moisture become crucial for enhancing productivity (Singh et al., 2010). The method of sowing and land configuration plays an important role in determining soil physical properties, root development, nutrient availability and water use efficiency.
Different crop establishment techniques such as flat bed, ridge, narrow bed and broad bed furrow (BBF) systems significantly influence crop performance. Among these, ridge and BBF systems are known to improve drainage, aeration, and root proliferation, while also facilitating better moisture retention (Raghuveer et al., 2022). In addition, mulching practices, including dust mulch and straw mulch, help in conserving soil moisture, reducing evaporation losses, moderating soil temperature, and improving microbial activity in the soil (Liang et al., 2025). These practices collectively contribute to better plant growth, higher biomass production, and improved yield attributes.  Pulses play a crucial role in both rainfed and irrigated agricultural systems by enhancing the physical, chemical, and biological properties of the soil. They are widely recognised as valuable components of sustainable farming practices due to their ability to improve soil fertility, structure, and microbial activity. Consequently, pulses are considered highly suitable crops for natural resource management, contributing significantly to environmental sustainability. Furthermore, their inclusion in cropping systems promotes crop diversification, reduces production risks, and supports the development of resilient and viable agricultural systems (Ali and Kumar, 2006). Crop establishment techniques and moisture conservation practices significantly influenced chickpea productivity by improving soil moisture availability, root proliferation and nutrient uptake under rainfed conditions (Chaudhary et al., 2018).  Methods such as broad bed furrow (BBF) and ridge sowing, combined with straw mulch, minimized evaporation losses and enhanced water use efficiency.
MATERIALS AND METHODS
A field experiment was conducted during the Rabi season of 2022–23 at the Student Instructional Farm (SIF) of Brahmanand Post Graduate College, located at Rath in Uttar Pradesh. The experimental site lies in the Bundelkhand region of Uttar Pradesh and falls under the semi-arid agro-climatic zone. Geographically, the location is situated approximately between 25°35′ North latitude and 79°35′ East longitude, with an altitude of about 150 meters above mean sea level.
The experimental field was laid out in a randomized block design with appropriate treatments and replications. The individual plot size was maintained at 4.0 m × 3.0 m, with proper spacing between plots and replications to avoid border effects. The crop was sown on 15th November 2022 using a seed rate of 80 kg ha⁻¹, maintaining a row spacing as per treatments and plant spacing of 10 cm. All experimental plots were uniformly fertilized with the recommended dose of fertilizers (RDF) @ 20 kg N, 40 kg P₂O₅, and 20 kg K₂O per hectare through suitable sources. The entire dose of fertilizers was applied as basal at the time of sowing. The crop was grown primarily under rainfed conditions; however, one protective irrigation was applied at the flowering stage to avoid moisture stress due to insufficient and uneven rainfall. Standard agronomic practices were followed uniformly in all plots to raise a healthy crop. Weed management was carried out as per treatment details, while other intercultural operations such as thinning and hoeing were performed as required. Plant protection measures were adopted uniformly to control insect pests and diseases as per recommended practices.\ During the cropping season, the weather remained generally conducive for crop growth. The maximum temperature ranged between 18 to 32°C, while the minimum temperature varied from 5 to 18°C. The relative humidity ranged from 30 to 90 percent during the crop period. The area received low and uneven rainfall during the Rabi season, which is a characteristic feature of the region. Wind velocity remained moderate throughout the crop growth period. The experimental site received a total rainfall of 43.2 mm in a single rainy day during the crop period, which provided favourable conditions for crop growth and development.
[bookmark: _GoBack]The experiment was laid out in a randomized block design with three replications. The treatments consisted of seven crop establishment techniques and moisture conservation practices in chickpea, namely: T₁ - chickpea sown on flat bed with a spacing of 30 × 10 cm; T₂ - sowing of chickpea on ridges; T₃ - sowing of chickpea by skipping one row; T₄ - sowing of chickpea on narrow beds of 45 cm width; T₅ - sowing of chickpea on narrow beds (45 cm) along with application of dust mulch; T₆ - broad bed furrow (BBF) system of 105 cm width accommodating three rows of chickpea; and T₇ - broad bed furrow (BBF) system of 105 cm width with three rows of chickpea along with application of straw mulch. All experimental plots were uniformly fertilized with the recommended dose of fertilizers (RDF) @ 20 kg N, 40–60 kg P₂O₅, and 20 kg K₂O per hectare as per crop requirement. The soil of the experimental field was characterised as clay loam in texture, with low levels of organic carbon (0.40%) and available nitrogen (166.53 kg ha⁻¹), and moderate concentrations of available phosphorus (18.73 kg ha⁻¹) and potassium (266.27 kg ha⁻¹). The soil exhibited a slightly alkaline reaction, with a pH of 8.2. The chickpea cultivar ‘Uday’ was established under different crop establishment techniques.
Recorded data was analyzed using appropriate method of ‘Analysis of Variance (ANOVA)’ given by Gomez and Gomez (1984).
RESULTS AND DISCUSSION
Effect of treatments on growth attributing characters
The data presented in Table 1 revealed that different crop establishment techniques and moisture conservation practices significantly influenced nodulation and growth parameters of chickpea. Among the treatments, sowing of chickpea on broad bed furrow (BBF) of 105 cm with three rows along with application of straw mulch (T₇) recorded the highest number of nodules (23.8 plant-¹), plant height (58.8 cm), plant dry weight (25.4 g plant-¹), and number of branches (16.5 plant-¹), which was found at par with sowing of chickpea on ridges (T₂) with values of 22.4 nodules plant-¹, 59.6 cm plant height, 24.1 g plant dry weight, and 15.8 branches plant-¹, and broad bed furrow (BBF) of 105 cm with three rows of chickpea (T₆) with 20.3 nodules plant-¹, 57.0 cm plant height, 22.6 g plant dry weight, and 15.2 branches plant⁻¹. This was followed by sowing of chickpea on narrow bed (45 cm) with application of dust mulch (T₅), which recorded 19.5 nodules plant⁻¹, 56.1 cm plant height, 21.7 g plant dry weight, and 14.7 branches plant-¹. Sowing of chickpea on flat bed (30 × 10 cm) (T₁) and narrow bed (45 cm) (T₄) showed moderate performance, whereas the lowest values were recorded under sowing of chickpea by skipping one row (T₃), which produced 14.2 nodules plant-¹, 45.8 cm plant height, 16.3 g plant dry weight, and 13.0 branches plant⁻¹. The superior performance of BBF with straw mulch may be attributed to better soil moisture conservation, reduced evaporation losses, moderated soil temperature and enhanced microbial activity, which collectively promoted root growth and nodulation (Kumar et al., 2022 and Bana et al., 2023). Improved aeration and drainage under BBF and ridge systems also facilitated efficient nutrient uptake and photosynthesis, resulting in higher biomass accumulation and branching. In contrast, skipping one row led to poor plant population and inefficient utilization of available resources. Similar findings have been reported by Ramesh et al., (2020), Kumar et al., (2025) and Rahman et al., (2026).
Effect of treatments on yield
The data presented in Table 2 revealed that different crop establishment techniques and moisture conservation practices significantly influenced grain yield, stover yield, biological yield, and harvest index of chickpea. Sowing of chickpea on ridges (T₂) recorded the highest grain yield (51.67 q ha-¹), which was 12.73% higher than flat bed sowing (T₁) and 69.13% higher than skipping one row (T₃). The treatment T₇ (broad bed furrow of 105 cm with three rows along with straw mulch) also produced a comparatively high grain yield (49.45 q ha-¹), showing an increase of 7.89% over T₁. In terms of stover yield, T₇ recorded the maximum value (60.83 q ha-¹), which was 14.66% higher than T₁ and 47.97% higher than T₃, while T₂ showed only a slight increase (1.04%) over T₁. Similarly, the highest biological yield was observed under T₇ (110.28 q ha⁻¹), which was 11.52% higher than T₁ and 53.88% higher than T₃. The treatments T₆ (BBF without mulch), T₅ (narrow bed with dust mulch), T₄ (narrow bed), and T₁ (flat bed) showed moderate performance, with grain yield ranging from 45.28 to 46.94 q ha-¹, indicating marginal differences among these treatments. The lowest grain yield (30.56 q ha⁻¹), stover yield (41.11 q ha-¹), and biological yield (71.67 q ha-¹) were recorded under skipping one row (T₃), mainly due to reduced plant population and inefficient utilization of available resources. The highest harvest index (49.11%) was recorded under T₂, followed by T₅ (47.60%), whereas T₇ showed a comparatively lower harvest index (44.84%), indicating relatively higher vegetative growth. The superior performance of ridge and BBF systems may be attributed to improved soil aeration, better drainage, and enhanced root proliferation, which facilitated efficient nutrient uptake and photosynthesis Qin et al., (2019) and Pan et al., (2025). Additionally, mulching under T₇ helped in conserving soil moisture, moderating soil temperature and reducing evaporation losses, thereby improving overall crop productivity. Similar results reported by Sahu et al., (2008), Valenciano et al., (2010), Kumar and Singh (2020) and Tang et al., (2023).
CONCLUSION
It can be inferred from the present investigation that the integration of suitable crop establishment techniques with effective moisture conservation practices plays a crucial role in improving chickpea productivity, with broad bed furrow (BBF) supplemented with straw mulch enhancing vegetative growth and biomass accumulation, while ridge sowing demonstrated superior performance in terms of grain yield and harvest index, thereby emerging as the most promising approaches among the evaluated treatments.
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Table.1: Effect of treatments on growth attributes
	Treatments
	No. of nodules plant-¹ at 45 DAS
	Plant height (cm) at harvest
	Plant dry weight (g plant-¹) at harvest
	No. of branches plant-¹ at harvest

	T1 - Chickpea alone (30 x 10 cm): Flat bed 
	18.6
	55.2
	20.8
	14.2

	T2- Sowing of chickpea on ridges 
	22.4
	59.6
	24.1
	15.8

	T3- Sowing of chickpea by skipping 1 row of Chickpea
	14.2
	45.8
	16.3
	13.0

	T4 - Sowing of chickpea on narrow bed (45 cm)
	18.1
	54.6
	20.3
	14.0

	T5-Sowing of chickpea on narrow bed (45 cm) with applying dust mulch
	19.5
	56.1
	21.7
	14.7

	T6 – Broad bed furrow -105 cm (BBF): 3 rows of Chickpea 
	20.3
	57.0
	22.6
	15.2

	T7 - Broad bed furrow -105 cm (BBF): 3 rows of chickpea with applying straw mulch.
	23.8
	58.8
	25.4
	16.5

	SE ±(d)
	0.62
	0.85
	0.72
	0.38

	CD (P=0.05)
	1.36
	1.88
	1.58
	0.84



Table.2: Effect of treatments on yield
	Treatments
	Grain yield (q/ha)
	Stover yield (q/ha)
	Biological Yield (q/ha)
	Harvest Index (%)

	T1 - Chickpea alone (30 x 10 cm): Flat bed 
	45.83
	53.06
	98.89
	46.35

	T2- Sowing of chickpea on ridges 
	51.67
	53.61
	105.28
	49.11

	T3- Sowing of chickpea by skipping 1 row of Chickpea
	30.56
	41.11
	71.67
	42.63

	T4 - Sowing of chickpea on narrow bed (45 cm)
	45.28
	52.50
	97.78
	46.33

	T5-Sowing of chickpea on narrow bed (45 cm) with applying dust mulch
	46.94
	51.67
	98.61
	47.60

	T6 – Broad bed furrow -105 cm (BBF): 3 rows of Chickpea 
	46.94
	53.33
	100.28
	46.81

	T7 - Broad bed furrow -105 cm (BBF): 3 rows of chickpea with applying straw mulch.
	49.45
	60.83
	110.28
	44.84

	SE ±(d)
	0.65
	1.64
	1.75
	0.86

	CD (P=0.05)
	1.44
	3.60
	3.86
	1.90










