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Performance Evaluation of a Hand-Push Seeder for Mechanized Pigeonpea Planting on Farm Bunds

Abstract
	Cultivating pigeonpea on farm bunds offers smallholder farmers an opportunity to maximise land usage, thereby increasing food security and potential income. This study evaluates the impact of mechanised sowing using a hand push seeder on pigeonpea (Cajanus cajan) productivity, economic returns, agronomic performance and environmental benefits in the semi-arid region of Balodabazar District of Chhattisgarh (India). The experiment was conducted using a randomised block design with two treatments, manual dibbling (T1) and mechanised sowing with a hand push seeder (T2) over ten replications. Results were expressed as mean ± standard deviation (SD) of replicates for composition measurements. Statistical analyses were used with analysis of One-Way ANOVA and Tukey test at the significance level P < 0.05. Key performance parameters, including labour efficiency, seed placement accuracy, germination rate, yield and economic viability, were assessed. Mechanised sowing increased yield by 104 kg ha-1, achieving 1280 kg ha-1 with a revenue gain of 144640 ₹ ha-1 and a benefit-cost ratio (BCR) of 3.7 compared to 3.2 in manual dibbling. Mechanised sowing also showed improvements in agronomic traits such as plant height, number of branches and pod count, promoting healthier crop stands. Mechanised sowing produced an average of 11.2 branches per plant compared to 9.5 branches in manual dibbling plants, indicating a 17.9% increase. Plants in mechanised sowing reached an average height of 145 cm compared to 130 cm in manual dibbling plants, showing an 11.5% increase in plant height. Mechanised sowing led to an increase in pod production with an average of 245 pods per plant compared to 220 pods in manual dibbling plants, representing an 11.4% increase. Mechanised sowing produced a slight increase in seed weight, with an average 100-seed weight of 10.4 g compared to 9.8 g in manual dibbling. Seeder performance parameters indicated a higher quality of feed index and reduced miss and multiple index, contributing to more uniform plant spacing. Environmental benefits, including reduced soil disturbance and improved moisture conservation, were also observed. The findings suggest that mechanised sowing with a hand push seeder offers a cost-effective, sustainable approach to enhance pigeonpea productivity and profitability, suitable for smallholder farmers in resource-limited settings.
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1. Introduction
Pigeonpea (Cajanus cajan) is a vital food legume in Asia and Africa known for its drought tolerance and high nutritional value. Globally, pigeonpea is now cultivated on over 6.99 m ha with a total production of about 5.93mt and a mean productivity of 852 kg/ha (Saxena et al., 2021). In Asia, pigeonpea is cultivated across approximately 4.33 million hectares, yielding a total production of 3.8 million tonnes. It is also known as "arhar" or "tur."  It is cultivated in diverse agro-climatic regions, especially in tropical and subtropical areas.  Pigeon pea serves as a major source of protein, energy, and essential nutrients for millions of people, particularly in developing countries. Pigeon pea seeds are rich in protein, 20-22% (Kushwaha & Mehta, 2023; Sinha et al., 2024). India accounts for the largest share of cultivation area at 3.38 million hectares, followed by Myanmar, China, and Nepal (Parthasarathy et al. 2010). India is the world leader with an area of 4.90 M ha and production of 4.22 MT, accounting for 81% and 90% of global area and production, but with a low productivity of 861 kg ha-1 (FAO, 2022). Cultivating pigeonpea on farm bunds offers smallholder farmers an opportunity to maximise land usage, thereby increasing food security and potential income. Traditional sowing on bunds is labour-intensive, and inconsistent seed placement can lead to poor crop establishment. Limited mechanisation significantly restricts pigeonpea productivity in India. The share of agricultural labour within the national workforce is projected to decline from 55% in 2011 to 25.7% by 2050 (FAO, 2022). The mechanisation index (MI) for pigeonpea is notably low at 12.78%, while it is higher for wheat (40.77%), chickpea, mustard and soybean (26.4–32.5%) and pearl millet (23.4%). Additionally, there is substantial regional disparity in MI, ranging from 6.0% in Assam to 45.0% in Punjab (Chouhan and Singh, 2014). Mechanising the sowing process with a hand push seeder can address these challenges by improving labour efficiency and crop productivity. The physical and frictional characteristics of seeds play a crucial role in the design of a seeder, influencing decisions regarding cell size, shape, metering disc thickness and material, as well as the inclination of the seed hopper (Verma et al. 2024).
This study explores mechanised sowing with a hand push seeder on farm bunds in Balodabazar district of C.G. state (India), where smallholder farmers face labour shortages and limited mechanisation options. By analysing labour efficiency, crop establishment, yield and economic outcomes, the study aims to determine the economic feasibility of this approach for smallholders.
2. Materials and Methods
	The economic analysis was conducted following standard procedures (Kumar et al., 2019). Experimental data were subjected to statistical analysis as outlined by Gomez and Gomez (1984).
2.1 Study Area
The trials were conducted in the Balodabazar district of Chhattisgarh state, characterised by clay-loam soil and a semi-arid climate with annual rainfall averaging 1000 mm. Small-scale farms dominate the region, making affordable mechanisation vital for improved productivity.
2.2 Equipment and Crop Details
A simple hand-push seeder was used, offering uniform seed placement and adjustable depth control suited to pigeonpea seeds. This crop was chosen for its suitability for bund cultivation in arid areas.
2.3 Experimental Design
The experiment utilised a randomised block design (RBD) with two treatments and ten replications:
· T1 (Control): manual dibbling of pigeonpea on farm bunds.
· T2 (Experimental): mechanised sowing of pigeonpea by hand push seeder on farm bunds. 
Each plot measured 10 m x 2 m, and row spacing was set at 60 cm with 20 cm between plants as per pigeonpea agronomic geometry.
2.4 Data Collection and Parameters
Data collection included:
1. Labour Efficiency: Time required for sowing in each plot.
2. Seed Placement Accuracy: Consistency in depth and spacing.
3. Germination Rate: Seed germination was counted 10 DAS.
4. Yield: Measured in kg per plot and extrapolated to kg per hectare.
5. Economic Viability: Assessed through labour cost savings and revenue from yield increases.
2.5 Statistical Analysis
Data were analysed to evaluate the significance of treatment differences. Descriptive statistics were used for yield, and economic analyses were conducted to calculate the cost-benefit ratio. Results were expressed as mean ± standard deviation (SD) of replicates for composition measurements. Statistical analyses were used with analysis of One-Way ANOVA and Tukey test at the significance level P < 0.05.

3. Results and Discussion
3.1 Labour Efficiency and Time Savings
The average time required for sowing one plot (10 m × 2 m) using the hand push seeder was 2.5 min., whereas manual dibbling of the same plot required 8.5 min. Hence, the hand-push seeder accomplished the task 3.4 times faster, corresponding to a 70.60% reduction in time compared to manual sowing. The total time requirement for manual dibbling was 70.83 h ha-1, while the hand-push seeder required only 20.83 h ha-1, indicating a labour saving of approximately 50 h ha-1. Consequently, the hand-push seeder demonstrated about 240% higher labour efficiency than manual dibbling. The substantial reduction in time and labour requirements underscores the operational advantage of the hand-push seeder in enhancing field productivity and minimising drudgery. Mechanised sowing (₹2.08/plot) reduced labour cost by 70.6% compared to manual dibbling (₹7.08/plot), enhancing efficiency and economy.
Table 1: Comparison of Labour Efficiency in Sowing Methods
	Treatment
	Avg. Time (min.)
	Labour Cost per Plot (₹)

	T1 (Manual Dibbling)
	8.5
	7.08

	T2 (Mechanised Sowing)
	2.5
	2.08


The efficiency of the mechanised method can be attributed to the seeder's capacity to achieve consistent seed placement without the need for adjustments that typically slow down manual sowing. Operational efficiency has a direct impact on growth and development, which consequently influences overall yields (Zhang et al., 2024). This improvement aligns with the potential for low-cost mechanisation to address labour shortages in rural regions. Time efficiency also plays a crucial role in areas with limited planting windows, enhancing the timeliness of sowing, which is crucial for optimising crop establishment and yield (Verma et al., 2024).
3.2 Seed Placement, Germination, and Crop Establishment
The precision of seed placement was significantly higher with the hand push seeder, achieving a 98% accuracy rate for the target depth of 3 cm, in contrast to the 85% accuracy rate observed in manual dibbling plots. This precise seed placement is critical for optimal root establishment and plant growth as observed in previous studies on mechanised sowing tools. In addition to precision, the mechanised sowing method produced a higher germination rate, reaching 92% compared to 78% in traditional dibbling methods. Mechanised Sowing is intended to cause minimal soil disturbance during planting, which can help to preserve soil structure and moisture content conducive to seed germination. In contrast, manual dibbling may involve more soil disturbance, which can potentially delay or inhibit seed emergence, and optimal sowing depths ensure uniform germination and establishment of seedlings, contributing to the overall success of crop production (Karayel and Ozmerzi, 2002) have also produced findings that are comparable.
Table 2: Comparison of Seeding Accuracy and Germination Rate under Different Sowing Methods
	Treatment
	Avg. Seeding Depth Accuracy (%)
	Germination Rate 
(%)

	T1 (Manual Dibbling)
	85
	78

	T2 (Mechanised Sowing)
	98
	92


Higher germination rates directly correlate with better crop establishment and reduced intra-species competition, which can lead to higher biomass and healthier plants. These findings suggest that the mechanised approach optimises seed-to-soil contact and minimises variability in seedling emergence, a crucial factor in achieving uniform crop stands and maximising photosynthetic efficiency.
3.3 Seeder Performance Parameters
To comprehensively evaluate the performance of the hand push seeder for sowing pigeonpea on farm bunds, this study assessed key seeder performance parameters, miss index, multiple index and quality of feed index. These parameters indicate the precision of seed placement, affecting crop establishment, yield and overall productivity (Verma et al., 2024).
3.3.1 Miss Index
The miss index measures the percentage of spaces without seeds in a given length of row and is a critical indicator of seeder performance (Bakhtiari and Loghavi, 2009). A high miss index indicates gaps in sowing, which can lead to reduced plant density and increased intra-row competition. Observations in our trials showed that the hand-push seeder achieved a low miss index of 6%, while hand-sowing had a significantly higher miss index of 14%. This difference highlights the enhanced planting consistency achieved with the hand-push seeder. Similar results have also been reported by (Nare et al., 2014), mechanised sowing was approximately 2.33 times better (i.e., about 2.3 times less missed seeds) than manual dibbling in seed placement accuracy. These missing items were perhaps due to the jerk or vibration which produced empty spoons during operation. It may also be due to the clogging/ segregation motion of cloves along the crop tubes for a little time. 
Table 3: Comparison of Miss Index under Different Sowing Methods
	Treatment
	Miss Index (%)

	Manual Dibbling (T1)
	14

	Mechanised Sowing (T2)
	6


This reduction in misses contributes to a more uniform crop stand, which has been shown to enhance resource use efficiency and ultimately improve yield.
3.3.2 Multiple Index
The multiple index measures the percentage of locations with multiple seeds per intended plant site. Higher multiple indices may result in crowding and competition among plants, adversely affecting growth and productivity (Bakhtiari and Loghavi, 2009). In our trials, the multiple index was notably higher under manual dibbling (17%) compared to mechanised sowing (9%), indicating improved seed spacing uniformity with mechanised sowing. Mechanised sowing was approximately 1.89 times better than manual dibbling in reducing multiple seed placement. These results suggest that the mechanised approach provides better seed singleton, an important factor for optimising plant population and minimising competition within the row.
Table 4: Comparison of Multiple Index under Different Sowing Methods
	Treatment
	Multiple Index (%)

	Manual Dibbling (T1)
	17

	Mechanised Sowing (T2)
	9


The lower multiple index achieved with the seeder can be attributed to its precision mechanism, which ensures that only one seed is dropped per location. This precision is particularly beneficial for pigeonpea, where optimal spacing promotes adequate root development and access to soil nutrients. The multiple index may be due to the small size of seeds, as compared to the cell design. In general, the data suggests that the machine performed more effectively when farmers utilised graded seeds of bold quality.
3.3.3 Quality of Feed Index
The quality of feed index (QFI) represents the proportion of correctly placed seeds relative to the total seed drops. A higher QFI indicates greater accuracy in seed placement and minimal occurrence of skips or multiples (Bakhtiari and Loghavi, 2009). For the hand push seeder, a QFI was higher under mechanised sowing (85%) compared to manual dibbling (69%), reflecting improved seed distribution and precision. Mechanised sowing was approximately 1.23 times better than manual dibbling in enhancing the feed quality index. The higher QFI in mechanised sowing demonstrates its effectiveness in achieving accurate and consistent seed placement.
Table 5: Comparison of Quality of Feed Index under Different Sowing Methods
	Treatment
	Quality of Feed Index (%)

	Manual Dibbling (T1)
	69

	Mechanised Sowing (T2)
	85


The QFI achieved with mechanised sowing aligns with findings from similar studies on precision planting, where enhanced quality of feed results in improved plant stands and, subsequently, better yield outcomes. The quality of feed index of a hand push seeder is likely to be superior to manual dibbling due to its ability to provide uniform seed placement, optimised seed-to-soil contact, efficiency, precision in planting depth and reduction in seed damage. These factors contribute to healthier plant establishment and ultimately higher-quality yields (Verma, 2023).
3.4 Yield and Economic Viability
Mechanised sowing on farm bunds led to substantial improvements in both yield and economic returns over traditional hand-sowing. Mechanised sowing achieved a yield of 1280 kg ha-1, which is an increase of 104 kg ha-1 over the 1176 kg ha-1 yield recorded with manual dibbling. This yield improvement of approximately 8.8% is largely attributed to the hand push seeder’s precision, resulting in better plant spacing, uniform crop establishment and reduced intra-row competition.
Based on the prevailing market price of ₹113, mechanised sowing generated a revenue of ₹144640 ha-1 compared to ₹132888 ha-1 from manual dibbling. The additional revenue from mechanised sowing, coupled with a lower sowing cost of ₹38900 ha-1 (compared to ₹41250 ha-1 for manual dibbling), led to a net profit of ₹105740 ha-1, which is ₹ 14102higher than the net profit from manual dibbling.
The benefit-cost ratio (BCR) analysis highlights the economic advantage of mechanised sowing with a BCR of 3.7 compared to 3.2 for manual dibbling. This increase in BCR reflects the efficiency of mechanised sowing, providing higher returns for every unit of investment.
Table 6: Economic Comparison of Manual and Mechanised Sowing Methods
	Treatment
	Average Yield

(kg ha-1)
	Revenue

(₹ ha-1)
	Cost of Sowing
(₹ ha-1)
	Net Profit

(₹ ha-1)
	Benefit-Cost Ratio
(BCR)

	Manual Dibbling (T1)
	1176
	132888
	41250
	91638
	3.2

	Mechanised Sowing (T2)
	1280
	144640
	38900
	105740
	3.7


These findings demonstrate that mechanised sowing not only increases yield and revenue but also enhances profitability through a better benefit-cost ratio, making it a sustainable and economically viable option for smallholder farmers. The cost of the hand-push seeder is recoverable within a short period, highlighting its value as an investment in improved farm productivity. Pigeonpea cultivation, more profitable under mechanisation. Mechanisation has led to human labour. The use of machines in mechanised farming has reduced human labour costs. Mechanised farmers produced higher income in pigeon pea production than in non-mechanised farmers. Hence, the farmers need to be encouraged to adopt mechanisation in the cultivation of selected crops to overcome the problem of scarcity of labour and to reduce the total cost of cultivation (Patil and Basavaraja, 2018).

3.5 Agronomic Parameters
In addition to improvements in yield and economic viability, mechanised sowing had a positive effect on various agronomic parameters such as the number of branches per plant, plant height, number of pods per plant and seed weight. These parameters are essential indicators of plant health and productivity and were assessed to further understand the impact of mechanised sowing on crop growth and yield attributes.
· Number of Branches per Plant: Mechanised sowing produced an average of 11.2 branches per plant compared to 9.5 branches in manual dibbling plants, indicating a 17.9% increase. This increase in branching likely contributed to greater canopy coverage and potential for more pods per plant.
· Plant Height: Plants in mechanised sowing reached an average height of 145 cm compared to 130 cm in manual dibbling plants, showing an 11.5% increase in plant height. This improved growth in plant height is often associated with optimised plant spacing and better resource utilisation in mechanised sowing.
· Number of Pods per Plant: Mechanised sowing led to an increase in pod production with an average of 245 pods per plant compared to 220 pods in manual dibbling plants, representing an 11.4% increase. The higher number of pods per plant is a crucial factor in the overall yield increase observed with mechanised sowing.
· 100-Seed Weight: Mechanised sowing produced a slight increase in seed weight, with an average 100-seed weight of 10.4 g compared to 9.8 g in manual dibbling. Although the difference is modest, it indicates improved seed filling and nutrient allocation due to optimised plant health and spacing in mechanised sowing.
The study recorded the following agronomic parameters for manual dibbling (T1) and mechanised sowing (T2):
Table 7: Effect of Sowing Method on Growth and Yield Attributes of the Crop
	Treatment
	Number of Branches per Plant
	Plant Height 

(cm)
	Number of Pods per Plant
	100-Seed Weight 
(g)

	Manual Dibbling (T1)
	9.5
	130
	220
	9.8

	Mechanised Sowing (T2)
	11.2
	145
	245
	10.4


3.5.1 Data Analysis and Interpretation
The mechanised sowing method showed consistent improvements across all agronomic parameters. The increase in the number of branches and pods per plant, along with the taller plant height, contributed to the higher yield observed with mechanised sowing. The better establishment of plants due to precise seed placement likely resulted in reduced intra-row competition, enabling each plant to grow more robustly.
These agronomic advantages collectively support the findings in yield and economic analysis, indicating that mechanised sowing not only increases yield but also promotes healthier crop growth. The overall improvement in these agronomic parameters, combined with economic gains, makes mechanised sowing a valuable practice for pigeonpea cultivation.
3.6 Environmental and Agronomic Benefits
Mechanised sowing not only enhances yield and economic outcomes but also provides environmental benefits by minimising soil disturbance. The hand push seeder precision reduces the need for re-sowing, which can destabilise soil structure and increase vulnerability to erosion, especially on bunds that are used to retain moisture and control runoff. Reduced soil disturbance also supports better soil health, allowing for natural aggregation processes to occur and fostering microbial activity essential for nutrient cycling in semi-arid soils.
Furthermore, conservation of soil moisture is achieved through uniform plant stands that create optimal shading and ground cover, helping to reduce evaporation losses, particularly critical in semi-arid zones where water scarcity is a limiting factor. Mechanised sowing on bunds, therefore, aligns with sustainable agricultural practices that seek to balance productivity with soil and water conservation, supporting long-term land productivity for smallholder farming systems.
3.7 Socioeconomic Impact for Smallholder Farmers
The adoption of a hand push seeder has broader social implications, especially in areas with ageing farming populations or households with limited access to hired labour. Reduced labour requirements for sowing can free up time for farmers to engage in other income-generating activities or allocate resources toward crop management practices that improve yield and quality. As smallholder farming systems are essential for rural food security, mechanised sowing solutions that are both accessible and efficient offer a promising pathway for socio-economic resilience and sustainable agriculture in developing regions. Consequently, mechanised sowing using a hand-push seeder for pigeonpea on farm bunds presents a viable, cost-effective strategy for enhancing productivity, profitability, and sustainability in smallholder agriculture. The combination of labour savings, higher yields, and environmental benefits establishes a strong case for promoting this technology as part of agricultural development programs targeting smallholders. Socio-economic status of the farmers has a significant relationship with the productivity of different crops, as it is an important indicator of mental attitude and socio-economic soundness of the farmer. Therefore, an attempt has been made in this particular section of the investigation to know the extent of the socio-economic relationship with the productivity (Ratna, 2013).
4. Conclusion
	The study demonstrates that mechanised sowing with a hand push seeder significantly enhances the productivity, economic returns and agronomic performance of pigeonpea cultivation on farm bunds in semi-arid regions. Performance evaluation revealed that mechanised sowing achieved a lower miss index (6%), multiple index (9%) and a higher quality of feed index (85%), being 2.33, 1.89 and 1.23 times better, respectively, than manual sowing. These improvements contributed to uniform crop establishment, resulting in an 8.8% increase in yield (1280 kg ha-1) and a higher benefit–cost ratio (3.7) compared to manual dibbling (3.2). Agronomic parameters such as plant height, number of branches, pods per plant and seed weight were also improved under mechanised sowing, indicating better plant vigour and productivity. Additionally, mechanised sowing minimised soil disturbance, conserved soil moisture and reduced drudgery, thereby supporting sustainable and eco-friendly cultivation practices. Overall, mechanised sowing using a hand push seeder enhanced productivity, profitability and resource-use efficiency, making it a viable and sustainable technology for smallholder farmers to overcome labour scarcity and improve pigeonpea production on farm bunds.
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