Technical Efficiency Analysis of Blackgram Varieties in the Humid South Eastern Plain Zone of Rajasthan, India
ABSTRACT 
Pulse production is one of the most important segments after oilseeds and cereals in agriculture. Among the diverse pulse crops, blackgram or urdbean (Vigna mungo L.), a member of the tribe Phaseoleae within the family Leguminosae, holds considerable significance due to its high content of protein and phosphoric acid. Greater emphasis should be placed on the adoption of improved pulse varieties, alongside the strengthening of technology transfer related to blackgram and other pulses. Such efforts should be implemented through a participatory approach involving farmers, with the active collaboration of a multidisciplinary team of scientists, in order to enhance overall pulse productivity. For The present investigation was undertaken to measure the technical efficiency levels of improved as well as local varieties of blackgram used by farmers in terms of area production and productivity and total income generated in comparison to existing varieties. Kota Urd – 3 (KPU 12-1735) this improved variety of blackgram released from Agriculture University, Kota in the year 2020. The Bundi district of Rajasthan was purposively selected for the present investigation. A multistage sampling procedure was employed for the selection of respondents. In total, 120 farmers were included in the sample for the study. The results indicated that the blackgram farmers of improved variety (Kota Urd-3) grower were better than the existing variety (PU-31). The findings further indicated that variables such as age, education, mass media utilisation, social participation, innovativeness, and risk orientation exhibited positive and statistically significant associations with the technical efficiency of blackgram growers. Additionally, farming experience and extension contact were also found to be positively and significantly associated with the technical efficiency of blackgram growers.
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INTRODUCTION 
Agriculture derives its significance from its crucial supply- and demand-side linkages with the manufacturing sector, while also serving as a primary source of livelihood for India’s rural population. It constitutes the backbone of the rural livelihood security system. Pulses are widely regarded as the “poor man’s meat” and the “rich man’s vegetable”, owing to their role as a major source of proteins, vitamins, and minerals, particularly within predominantly vegetarian diets in India. The National Food Security Act, 2013 establishes nutritional security as a legal entitlement, with the government prioritising access to adequate quantities of nutritionally rich and affordable food for all individuals. Pulses represent an important crop group due to their high nutritional value. They provide an inexpensive source of protein, are rich in dietary fibre, and supply essential vitamins and minerals. Notably, the protein content of pulses is approximately three times that of cereals. Consequently, pulses contribute significantly to addressing protein deficiency in India, where a large proportion of the population follows vegetarian diets. However, the per capita daily availability of pulses in the country remains considerably below the minimum levels recommended by nutritional experts.
[bookmark: _GoBack]Pulses contain approximately three times more protein than cereals. Consequently, they help to some extent in addressing protein deficiency in India, where a large proportion of the population follows a vegetarian diet. However, the per capita daily availability of pulses in the country remains significantly below the minimum levels recommended by nutrition experts. The Indian Council of Medical Research (ICMR) has prescribed a daily intake of 65 g of pulses per capita. The decreasing per capita availability of pulses from 70.3 gm. in 1956 to 41.6 gm. in 2021 had been a matter of great concern to agricultural scientists and policy makers in the country where substantial proportion around 30 per cent of people are vegetarian (Directorate of Economics and Statistics, 2022). The main reason for the continuous decline in per capita availability of pulses was mainly due to stagnation in pulses production around 17 to 18 million tonnes. However, since 2013, per capita availability of pulses has shown an upward trend, increasing from 45 gm. per capita per day in . Contribution of different states in India to the total area and production of pulses from 2017-18 to 2021-22. At the all-India level, the total area under pulses was about 292.94 lakh hectares, with a production of 246.56 lakh tonnes and an average yield of 842 kg per hectare. Madhya Pradesh is the leading state in pulse cultivation, with an area of 58.10 lakh hectares, which is 20% of the total pulse area in India. Its production was 58.51 lakh tonnes, contributing 24% of the country’s total pulse production. Rajasthan comes next with 60.36 lakh hectares under pulses, contributing 21% to the total pulse area, and producing 39.93 lakh tonnes, which is 16% of India’s total pulse production.  (Directorate of Economics and Statistics, Min. of Agriculture & FW, GoI, (DA&FW, 2022)
The potential of pulses to contribute to global food security, improved nutrition, and environmental sustainability has been formally recognised through the International Year of Pulses 2016 declared by the United Nations. Pulses are often characterised as “smart foods” owing to their critical role in the food basket, their value as a major source of plant-based protein, and their capacity to help mitigate non-communicable diseases such as obesity and diabetes. Furthermore, pulses are highly water-efficient, adaptable to drought-prone environments, and enhance soil fertility through biological nitrogen fixation. Pulses constitute an important group of crops that supply high-quality protein, complementing cereal-based diets for the predominantly vegetarian population of India. Despite being the world’s largest producer of pulses, their share in total food grain production in the country remains relatively low, at approximately 7–10 per cent (NABARD Rural Pulse, 2022). Blackgram (Vigna mungo L.), commonly referred to as urdbean, is a short-duration pulse crop distinguished by its high protein content, ranging between 25 and 26 per cent. India is the leading producer and consumer of blackgram, where it is cultivated as a sole crop, intercrop, and catch crop. The country’s blackgram production has reached approximately 2.78 million tonnes from an area of 4.63 million hectares, with an average productivity of 614 kg per hectare. It accounts for nearly 11 per cent of total pulse production in India (Anonymous, 2022). In addition to its high protein content—approximately double that of cereals—blackgram contains essential protein fractions such as albumin and globulin. Commonly known as urd, urdbean, or mash, blackgram is an important pulse crop believed to have originated in India. It is cultivated under rainfed or semi-irrigated conditions during the Kharif as well as spring/summer seasons, and may be grown as a sole, mixed, catch, or sequential crop. Being a tropical species, it requires a hot and humid climate, although it also demonstrates a considerable tolerance to high temperatures. As such this is a short day plant, but in present days, neutral varieties are also available for cultivation in summer. The yield levels and area expansion of blackgram and greengram are largely constrained by the limited availability of improved seed material and inadequate knowledge of optimal cultivation practices. Blackgram is a highly valued pulse crop, notable for its rich phosphoric acid content. India is the world’s largest producer of blackgram, contributing over 70 per cent of global production, followed by Myanmar and Pakistan. In India, during the Rabi season of 2022–23, the area under blackgram cultivation declined by 6.12 per cent, reaching 7.79 lakh hectares (19.25 lakh acres) as of 3 February 2023, compared with 8.28 lakh hectares (20.48 lakh acres) during 2021–22. The data on blackgram cultivation in Rajasthan shows a changing trend over time. In 2016–17, the area under blackgram was 390.0 thousand hectares with a production of 250.0 thousand tonnes, resulting in a relatively higher yield of 641 kg/ha. However, in 2020–21, although the area increased to 411.20 thousand hectares, the production declined to 160.37 thousand tonnes, with a much lower yield of 390 kg/ha. This indicates that despite expansion in cultivated area, productivity has decreased significantly. This situation highlights a research gap in understanding the underlying factors responsible for declining yield, such as low adoption of improved varieties, and poor farm management practices. (Source: Directorate of Economics and Statistics, Krishi Bhavan, New Delhi (Eands. Dacnet.nic.in) 
Various studies have highlighted diverse socioeconomic factors influencing various technical efficiency of pulses crops. Matin et al. reported that high-yielding lentil varieties are more profitable than local varieties, indicating the potential to increase lentil output by approximately 36 per cent with existing technology and input levels. The study further highlighted that farmers’ education and training significantly influence both yield and production efficiency. Shyamsundari et al. observed that the technical efficiency of small farms was 0.84, whereas medium and large farms recorded higher average efficiency scores of 0.93. Similarly, Narcisse et al. found that the mean technical efficiency in bean production across the studied districts was 23 per cent, suggesting substantial scope for increasing output through more efficient utilisation of available resources and existing technologies. Sapkota and Joshi estimated that technical efficiency ranged from 0.25 to 0.92, with a mean value of 0.71, thereby indicating the possibility of enhancing efficiency by 29 per cent. The study further revealed that technical efficiency in the study area is significantly influenced by the age and years of schooling of household heads. 
METHODS AND MATERIALS 
[bookmark: _Hlk225973804]A multi-stage sampling technique was used to select the sample farmers as respondents. Bundi district was selected purposively for the study as the district has the maximum number of farmers who cultivate black gram. Bundi district comprises of five blocks viz. Bundi, Nainwa, Hindoli, Keshoraipatan  and Talera. Out of these, Bundi, Nainwa, and Hindoli blocks were selected purposely as having highest growing farmers of blackgram. From the total, seven villages were selected as having maximum number of farmers who cultivate black gram, namely Nainwa, Matunda, Hindoli, Jhakhana , Arnaya, Kishanpura and Jhopdhaiya. For the selection of respondents, a list of participative farmers where frontline demonstration was carried out for two consecutive years from 2021-22 was be taken. In this study, blackgram variety Kota Urd-3 released recently (2021-2022) from Agricultural Research Station, Kota, has been considered for the technical efficiency. Kota Urd – 3 (KPU 12-1735) this improved variety of blackgram released from Agriculture University, Kota in the year 2020. It provides 12-13 q/ha yield and days of maturity 75-80 days. It is suitable to grow in the spring season in Rajasthan. This variety contain resistant to cercospora leaf spot (CLS) and is moderately resistant to Mungbean yellow mosaic virus (MYMV) disease. Fewer incidences of pod borer and maruca are tolerant to major biotic stresses.  Secondary data is collected from the released proposals of the variety from respective breeders; data is also taken from the performance evaluations done by the extension stations, and the real-time data from the farmers’ fields about the same crop variety is also recorded. Finally at last stage, 120 farmers from seven villages were selected as respondents from proportionate random sampling in the present study. For the collection of data from the respondents, an interview schedule was prepared. The personal interview method was used for the collection of the data. The data were analysed critically with the help of different statistical tools like frequency, percentage, standard deviation, arithmetic mean, mean percent score, rank correlation (rs), correlation and regression analysis. The technical efficiency was evaluated:
TEi  =   =  = 0≤TE≤1
Where, Yi is the maximum possible (optimal) output and Y*i is the observed outputs.
RESULT AND DISCUSION 
In order to assess farmers’ capacity to attain the maximum attainable crop output from a given set of inputs under prevailing conditions and existing technological frameworks, a rigorous evaluation of farm-specific technical efficiency is essential. Technical efficiency represents the gap between the actual output achieved by a farm and the optimal output attainable with a given combination of inputs. Table 1 shows the distribution of technical efficiency levels of the sample and the comparison of the efficiency between the existing variety (PU-31) and improved variety (Kota Urd-3) of blackgram.
Table 1. Frequency distribution of technical efficiencies of black gram producer
	Levels
	Improved variety (Kota Urd-3)
	Existing variety (PU-31)

	
	Number
	Per cent
	Number
	Per cent

	0.41 - 0.45
	28
	23.33
	37
	30.89

	0.46 - 0.50
	32
	26.66
	43
	35.83

	0.51 - 0. 55
	46
	38.33
	33
	27.22

	0.56 - 0.60
	14
	11.68
	12
	10.00

	Total
	120
	100
	120
	100



The data present in Table 1 revealed that the highest level yield of blackgram was obtained by the farmers who had technical efficiency level 0.51-0.55 with 38.33 per cent followed by a technical efficiency level of 0.46-50 and 0.40-0.45 with 26.66 and 23.33 per cent, respectively. The lowest level of yield was obtained by the farmers who had lowest levels of technical efficiency 0.56-0.60 with 11.68 per cent. The maximum number of blackgram growers of improved varieties came under the category of 0.51-0.55 technical efficiency, and maximum number of existing varieties came under 0.46-0.50, with 35.83 per cent. This suggests that farms cultivating improved varieties exhibit higher levels of technical efficiency compared with those operating under local seed variety systems. This difference may be attributed to the appropriate and timely application of recommended fertilisers, as improved blackgram varieties are typically disseminated as comprehensive packages encompassing specified input quantities, application schedules, and associated agronomic practices. Consequently, producers relying on existing seed varieties should be encouraged to enhance their knowledge and managerial competencies regarding input use, thereby enabling them to align more closely with the performance of growers adopting improved varieties. Swetha et al. (2019) reported that not all blackgram farmers in the study area operated at a technically efficient level. The mean technical efficiency among the sampled farmers was estimated at 67 per cent, indicating a potential efficiency gain of 33 per cent that could be realised through improved resource use and management practices. The findings of this study have been parallel to the findings of Shyamsundari et al. (2019), Abera (2018), Youssef et al. (2017), and Faisal (2011).
Table 2: Descriptive statistics of respondent farmers.
	Technical efficiency
	Improved variety
	Existing variety

	Mean
	0.53
	0.49

	Minimum
	0.37
	0.32

	Maximum
	0.58
	0.50

	SD±
	0.8
	0.05


The mean technical efficiency of growers cultivating improved and existing varieties was estimated at 0.53 and 0.49, respectively. This indicates that, on average, blackgram farmers realise only 53 per cent and 49 per cent of their potential output, given their current levels of input use and the varietal technologies available to them. In other words, farms incur output losses of approximately 47 per cent and 51 per cent of their maximum attainable production due to inefficiencies in input utilisation and suboptimal agronomic practices. By contrast, the most efficient farmers achieve 58 per cent and 50 per cent of the potential output in the improved and local variety groups, respectively. The minimum value of technical efficiencies was 0.37 and 0.32 for improved and existing variety growers, respectively. There is a huge gap between the least technically efficient and the most technically efficient farmers in the study area. The results (Table-1. and 2) indicated that the blackgram farmers of improved variety (Kota Urd-3) grower were better than the existing variety (PU-31) grower with respect to all measures. 
The association between technical efficiency of black gram cultivation and selected independent variables namely, age, educational status, size of land holding, annual income of family, farming experience, mass media utilization, social participation, extension contact, innovativeness, and risk orientation was worked out in terms of rank correlation coefficient and it is depicted in Table 3.
Table 3 Association between Technical efficiency and selected independent variables.

	S. No.
	Independent Variables
	Correlation coefficient (r)

	1. 
	Age
	0.531*

	1. 
	Education
	0.124*

	1. 
	Size of land holding
	-0.185*

	1. 
	Annual Income of family
	0.477NS

	1. 
	Farming experience
	0.943**

	1. 
	Mass media utilization
	0.231*

	1. 
	Social Participation
	0.346*

	1. 
	Extension contact
	0.573**

	1. 
	Innovativeness
	0.452*

	1. 
	Risk orientation
	0.296*


      NS = Not Significant; * = Significant at 5%, ** = Significant at 1%.
It may be noted from Table 3 that age, education, mass media utilization, social participation, innovativeness, and risk orientation were found to have a positive and significant association with technical efficiency of blackgram grower at 5 percent level of probability. Similar results were also reported by Narcisse et al. (2019), Matin et. al. (2018), Kumbhakar (2014), Vittor et al. (2013), Singh and Sharma (2011). 
[bookmark: _Hlk225440388]Meanwhile, farming experience and extension contact were found to have a positive and significant association with the technical efficiency of blackgram growers at a 1 percent level of probability. It means these variables have contributed positively and significantly in increasing technical efficiency. While size of land holding was found to have a negative and significant association with the technical efficiency of blackgram growers at 1 percent level of probability. Similar findings were also reported by Koye et al. (2022), Onuwa et al. (2022), Hasan (2019), Swetha et al. (2019). Aung et al. (2021), Haji and Tegegn (2018), Maganga (2012). It means this variable has contributed negatively and significantly in increasing technical efficiency of respondents. Hence, null hypotheses H01.1, H01.2, H01.3, H01.5, H01.6, H01.7, H01.8, H01.9, and H01.10, were therefore, rejected.   
On the contrary, the findings revealed that the age and annual income of the family were non significantly associated with the technical efficiency of the respondents. Therefore, hypotheses H01.4 were accepted. 
CONCLUSION
The study revealed that the majority of farmers had a technical efficiency level of 0.51-0.55, with 38.33 per cent followed by a technical efficiency level of 0.46-50 and 0.40-0.45, with 26.66 and 23.33 per cent, respectively. The finding regarding the technical efficiency of respondents indicated that the blackgram farmers (improved variety growers) were better than the local variety growers. The horizontal dissemination of improved technologies may be facilitated through the implementation of a range of extension interventions, including training programmes, field days, and exposure visits. The study further highlights the importance of establishing a linkage between plant breeders involved in varietal development and extension personnel. Such collaboration would enable breeders to gain insights into on-farm realities, thereby ensuring that the recommended potential yields can be more effectively realised under farmers’ field conditions. 
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