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ABSTRACT
This study evaluates the efficiency levels of member and non-member farmers across different agricultural sectors using Data Envelopment Analysis (DEA). The research compares Technical Efficiency (TE), Allocative Efficiency (AE), Economic Efficiency (EE), Pure Technical Efficiency (PTE), and Scale Efficiency (SE) between the two groups. The findings indicate that FPO member farmers generally exhibit higher efficiency levels, suggesting the advantages of collective action in agricultural productivity. Member farmers achieved an average TE of 87 per cent in agricultural commodity farms compared to 79 per cent for non-members, while in livestock farming, members exhibited a significantly higher TE of 90 per cent against 52 per cent for non-members. Similarly, members in vegetable farms showed an AE of 99.8 per cent, substantially higher than the 60% observed for non-members. The TE distribution also highlighted disparities, with 70 per cent of livestock member farms achieving the highest efficiency range (90-100%), whereas 53 per cent of non-member livestock farms fell below 50 per cent. These results emphasise the efficiency advantages of FPO membership.
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 INTRODUCTION 
Agriculture plays a crucial role in rural economies, and smallholder farmers often face challenges related to low productivity, limited market access, and resource inefficiency. Farmer-Producer Organisations (FPOs) have emerged as a strategic solution to address these challenges by enabling collective action. By aggregating small and marginal farmers, FPOs help in improving bargaining power, reducing transaction costs, and ensuring better access to financial and technical resources. FPO may be able to assist small farmers in overcoming some of the more established obstacles they face, such as declining productivity, inadequate produce, low levels of competitiveness, difficult market access, etc (Sinega et al., 2024).
Efficiency in farming is vital for sustainable agricultural growth, and differences in efficiency between member and non-member farmers can provide insights into the effectiveness of FPOs. Data Envelopment Analysis (DEA) is a widely used technique to measure efficiency levels by evaluating input-output relationships. This study employs DEA to compare the efficiency levels of FPO members and non-members across four agricultural sectors: agricultural commodities, vegetables, fruits, and livestock. FPO participation has a statistically significant positive influence on the variety of technologies accepted by farmers, with FPO members embracing 1.5 times more technologies than non-members (Radadiya & Lad, 2024).  By analysing various efficiency parameters, this research aims to assess whether FPO membership contributes to improved farming efficiency and identify areas where interventions may be needed to enhance overall productivity.
METHODOLOGY 
The study employs Data Envelopment Analysis (DEA) to assess the efficiency of farmers in four agricultural sectors: agricultural commodities, vegetables, fruits, and livestock. A total of 240 farmers (120 members and 120 non-members) were surveyed, with efficiency scores calculated for each category. The analysis focuses on TE, AE, EE, PTE, and SE, along with the distribution of farmers across different efficiency ranges.
In the present study, the Data Envelopment Analysis model was used to estimate the technical, scale and economic efficiencies. “DEA uses linear programming to construct the efficient frontier with the best performing observations of the sample used, so that the frontier envelops all observations” (Charnes et al., 1978). The distance from a farm to the frontier provides a measure of its efficiency. DEA also enables to assessment under which returns to scale each farm operates and to calculate their scale inefficiency. Calculating efficiency under the assumption of constant returns to scale (CRS) gives the ‘overall technical efficiency’ score, while assuming variable returns to scale (VRS) allows calculating one component of this total efficiency score, namely the ‘pure technical efficiency’. The latter captures the management practices, while the residual between total technical efficiency and pure technical efficiency shows whether the farm operates under optimal farm size. This residual is called ‘scale efficiency’. “Estimated efficiency scores range from 0 to 1. This means that a farm is operating under fully efficient conditions when the efficiency score is one. Thus, the input-oriented DEA (minimising input use to obtain a particular output level) was used to estimate both constant returns to scale (CRS) and variable returns to scale (VRS) models. Under the assumption of constant returns to scale, the following input-oriented linear programming model was used to measure the overall technical efficiency of paddy farms” (Coelli et al., 1998):
Minθ,λ θ
Subject to 
                 	   -y+Yλ ≥ 0
               	    θxi-Xλ ≥ 0
                      	     λ ≥ 0                                                                                          (1)
where,
yi is a m × 1 vector matrix of output for ith farm,
xi is a k × 1 vector matrix of inputs for ith farm,
Y is a n × m output matrix for ‘n’ number of farms,
X is a n × k input matrix for ‘n’ number of farms,
θ is an efficiency score; it is a scalar whose value would be the efficiency measure for each ‘i’ farm, and it ranges from 0 to 1. If θ = 1, then the farm would be efficient; otherwise, the farm would be below the efficient level, and
 λ is a n × 1 vector of matrices which provides the optimum solution. The λ values are used as weights in the linear combination of other efficient farms for an inefficient farm, which influences the projection of the inefficient farms on the calculated frontier.
“This CRS is applicable only when all the firms are operating under the optimum scale. But not all firms are able to operate under optimum conditions due to imperfect competition and constraints on finance, etc. So, the estimation under the CRS model will result in measures of technical efficiency which are confounded by scale efficiency. The use of the VRS specification will permit the calculation of technical efficiency devoid of these scale effects. Thus, the VRS model to measure the pure technical efficiency is specified as the following linear programming model” (Banker, Charns, & Cooper, 1984):
Minθ,λ θ
Subject to
-y+Yλ ≥ 0
θxi-Xλ ≥ 0
λ ≥ 0
N1 λ = 1                                                                                       (2)
N1 is a n × 1 vector matrix of ones.
In addition, “the technical efficiency obtained from the CRS model can be decomposed into two components: one is due to scale inefficiency and one due to pure technical inefficiency. The difference between the efficiency score estimated from the CRS and VRS gives the scale inefficiency, indicating that return to scale can be increasing or decreasing” (Färe & Grosskopf, 1994). The scale efficiency of an individual farm was estimated by working out the ratio between the technical efficiency scores of CRS and VRS models by following the procedure mentioned below:
 θs = θCRS (XK, YK) / θVRS (XK, Y)                                                          (3)
where,
θCRS (XK, YK) = Technical efficiency under CRS model,
θVRS (XK, YK) = Technical efficiency under VRS model and
θs = Scale efficiency.
It is essential to note that “the model which is specified for VRS in Equation (2) does not indicate whether the firm is falling in the increasing or decreasing returns to scale region” (Coelli et al., 1998). The scale efficiency in Equation (3) is equal to one and confirms that the farm is operating under constant returns to scale. However, increasing or decreasing returns may occur when θs is less than one. So, in order to understand the nature of scale inefficiency, another problem of linear programming is necessary to replace the convexity constraint N1λ = 1 in model (2) with N1λ ≤ 1 and N1λ ≥1 for the models of non-increasing returns and non-decreasing returns, respectively. Thus, the following models could also be employed for the measurement of the nature of efficiency.
Non-increasing returns:
Minθ,λ θ
Subject to
-y+Yλ ≥ 0
θxi-Xλ ≥ 0
λ ≥ 0
N1 λ ≤ 1                                                                                     (4)
Non-decreasing returns:
Minθ,λ θ
Subject to
-y+Yλ ≥ 0
-y+Yλ ≥ 0
-y+Yλ ≥ 0
θxi-Xλ ≥ 0
-y+Yλ ≥ 0
λ ≥ 0
N1 λ ≥ 1                                                                                  (5)
Besides these efficiency measures, allocative efficiency (AE) and economic efficiency (EE) were estimated to measure the farms’ ability to allocate farm inputs optimally with their given respective input prices. The following linear programming model was used to estimate the economic efficiency of the firms:
Min, λ,xi* wi’ xi*
Subject to
-yi + Yλ ≥ 0,
xi* - Xλ ≥ 0
N1’λ =1
λ ≥ 0,                                                                                       (6)
where, wi is a vector of input prices of the ith firm and xi* (which is calculated by LP) is the cost-minimising vector of input bundles of the ith farm, given the input price wi and the output levels yi. The economic efficiency for firm ‘i’ was then solved by the following computation:
EE = wi’x* / wi’ xi                                                                   (7)
That is, the observed cost is compared to the minimum cost which the firm would face if using the optimal input
AE = EE / TE                                                                            (8)
This measures firm i’s relative ability to allocate the input bundle in the cost-minimising way, given the estimated technology. Also, this procedure includes any slacks into the allocative efficiency measure. This is often justified on the grounds that slack reflects an inappropriate input mix (Ferrier & Lovell, 1990).
All the models given above were solved for each individual sample farm.  MaxDEAX Version: 12.1.0.1(Windows) was used to solve all the above-said input-oriented DEA models.

RESULTS AND DISCUSSION
1. Efficiency of Member and Non-Member Farmers Using Data Envelope Analysis
The efficiency of member and non-member farmers was evaluated by using Data Envelopment Analysis (DEA) to understand the impact of FPO membership on farm performance. Efficiency measures such as Technical Efficiency (TE), Allocative Efficiency (AE), and Economic Efficiency (EE) were calculated to assess resource utilisation, input allocation, and overall cost-effectiveness. The findings, presented through tables, highlighted that member farmers generally exhibited higher efficiency levels, reflecting the benefits of collective resources, better market access, and improved decision-making support from FPOs. This analysis provided valuable insights into the role of FPOs in enhancing farm productivity and strengthening the farm economy.
1.1 Efficiency Analysis of Agriculture Commodity (Soybean) Farms Using DEA
The efficiency analysis of the Agriculture Commodity (Soybean) for member and non-member farmers was conducted by using Data Envelopment Analysis (DEA) to assess their performance in resource utilisation and cost-effectiveness. Table 1 and Fig. 1. The result revealed the percentage average efficiencies and the distribution of sample agricultural commodity farms according to technical efficiency levels. Member farmers had a higher average technical efficiency of 87 per cent, whereas non-members recorded 79 per cent, indicating that members utilised their resources more effectively to maximise output. Allocative efficiency was also high for both groups, with member farmers achieving 96 per cent and non-members 94 per cent. The marginal difference suggested that non-member farmers were relatively efficient in selecting the optimal input mix at given input prices, though members had an advantage of better market information and access to inputs. Economic efficiency was notably higher for members at 83 per cent compared to 74 per cent for non-members, reflecting the combined benefits of technical and allocative efficiency. The higher efficiency of member farmers indicated that participation in FPOs contributed to cost reduction and improved profitability through collective bargaining and market access.
Table 1. Average Efficiencies and Their Distribution According to Technical Efficiencies of Sample of Agricultural Commodity (Soybean) Farms 
                                                                                                                            (In %)
	Sr. No
	Particular
	Member (N=30)
	Non-Member (N=30)

	1
	Technical Efficiency 
	87
	79

	2
	Allocative Efficiency
	96
	94

	3
	Economic Efficiency
	83
	74

	4
	Pure Technical Efficiency 
	89
	81

	5
	Scale Efficiency
	98
	98

	Technical Efficiency Range (percentage) 

	I
	< 50
	0
	0

	II
	50-70
	6.7
	73

	III
	70-90
	56.6
	27

	IV
	90-100
	36.7
	0


Pure technical efficiency was recorded at 89 per cent for members and 81 per cent for non-members, showing that members operated closer to the production frontier. However, both groups exhibited equally high scale efficiency at 98 per cent, suggesting that farms were operated at an optimal scale and differences in overall efficiency were primarily due to technical factors rather than scale-related constraints. The distribution of farms across technical efficiency ranges further highlighted the disparity between members and non-members. In the 90–100 per cent efficiency range, 36.7 per cent of member farms achieved high technical efficiency, while none of the non-member farms reached this level. On the other hand, 73 per cent of non-member farms fell within the 50–70 per cent efficiency range, compared to only 6.7 per cent for member farms. This indicated that a majority of non-members faced challenges in resource utilisation, whereas FPO members consistently performed at higher efficiency levels.
Overall, the findings suggested that FPO membership had a positive impact on farm efficiency, with members outperforming non-members in all efficiency measures. The advantages of collective resources, technical support, and better market access contributed to these improvements. The results emphasised the need for policy interventions to promote farmer participation in FPOs, which could enhance farm productivity and economic sustainability.
1.2 Efficiency Analysis of Vegetable (Onion) Farms Using DEA
Table 2. Average Efficiencies and Their Distribution According To Technical Efficiencies  
                  of Sample of Vegetable (Onion) Farms  
(In %)
	Sr. No
	Particular
	Member (N=30)
	Non-Member (N=30)

	1
	Technical Efficiency 
	89
	89

	2
	Allocative Efficiency
	99.8
	60

	3
	Economic Efficiency
	89
	54

	4
	Pure Technical Efficiency 
	92
	92

	5
	Scale Efficiency
	97
	96

	 Technical Efficiency Range (percentage) 

	I
	< 50
	0
	0

	II
	50-70
	0.0
	0

	III
	70-90
	66.7
	66.6

	IV
	90-100
	33.3
	33.4


The efficiency analysis of member and non-member vegetable (Onion) farms was undertaken to evaluate their performance in resource allocation and cost-effectiveness, and depicted in Table 2 and Fig. 2. The analysis shows the percentage average efficiencies and the distribution of sample farms according to technical efficiency levels. Interestingly, both member and non-member farmers achieved the same average technical efficiency of 89 per cent, indicating that both groups had effectively converted inputs into outputs. Pure technical efficiency was also identical at 92 per cent for both groups, suggesting that farmers, regardless of membership status, were equally skilled in utilising their resources.
However, a significant difference was observed in allocative efficiency, where member farmers achieved 99.8 per cent and non-members only reached 60 per cent. This indicated that member farmers made better input choices relative to prices, likely due to access to market information, training, and collective decision-making through FPOs. Consequently, economic efficiency was much higher for members at 89 per cent, compared to only 54 per cent for non-members, highlighting the combined effect of better technical and allocative efficiency in lowering the production costs and increasing profitability for member farmers.
Scale efficiency remained high for both of the groups, with members recording 97 per cent and non-members 96 per cent, suggesting that most farms were operating close to their optimal scale. The distribution of farms across technical efficiency ranges showed a similar pattern for both groups, with approximately 66.7 per cent for member farms and 66.6 per cent for non-member farms falling within the 70–90 per cent range. Additionally, 33.3 per cent of member farms and 33.4 per cent of non-member farms operated within the range of 90–100 per cent range, further reinforcing the similarity in technical efficiency.
In briefs, the analysis indicated that though member and non-member vegetable farmers had comparable technical and pure technical efficiency, FPO membership had a substantial impact on allocative and economic efficiency. The higher allocative efficiency among members suggested that FPOs played a crucial role in improving input decision-making, likely through better access to collective resources, price information, and advisory services. These findings highlighted the importance of FPOs' strengthening to enhance farm-level decision-making and promote sustainable economic outcomes for vegetable farmers.
1.3 Efficiency Analysis of Fruit (Pomegranate) Farms Using DEA
The efficiency analysis of fruit (Pomegranate) farms for members and non-members was conducted by using Data Envelopment Analysis (DEA) to assess their performance in resource utilisation and cost-effectiveness. Table 3 and Fig. 3 illustrate the percentage average efficiencies and the distribution of sample farms according to technical efficiency levels. Member farmers achieved a higher average technical efficiency of 83 per cent, compared to 71 per cent for non-member farmers, indicating that members utilised their resources more effectively to maximise output. Pure technical efficiency was also notably higher for members at 88 per cent, while non-members recorded only 51 per cent, suggesting that member farmers operated closer to the production frontier due to better technical knowledge and support through FPOs.
Interestingly, allocative efficiency was higher for non-member farmers at 99 per cent, compared to 93.2 per cent for members. This indicated that non-members were more precise in selecting the optimal input combination of given input prices, potentially because fruit cultivation requires careful input decisions, which even non-members may prioritize to remain competitive. Despite this, economic efficiency remained relatively similar, with member farmers at 78 per cent and non-members at 77 per cent, reflecting the trade-off between technical and allocative efficiencies.
Table 3. Average Efficiencies and Their Distribution According To Technical Efficiencies    
                 of Sample of Fruit (Pomegranate) Farms 
(In %)
	Sr. No
	Particular
	Member (N=30)
	Non-Member (N=30)

	1
	Technical Efficiency 
	83
	71

	2
	Allocative Efficiency
	93.2
	99

	3
	Economic Efficiency
	78
	77

	4
	Pure Technical Efficiency 
	88
	51

	5
	Scale Efficiency
	94
	93

	 Technical Efficiency Range (percentage) 

	I
	< 50
	0
	0

	II
	50-70
	3.3
	63

	III
	70-90
	73.3
	30.0

	IV
	90-100
	23.4
	7.0


Scale efficiency was high for both groups, with members at 94 per cent and non-members at 93 per cent, indicating that most of the farms operated near their optimal scale. However, the distribution of farms across technical efficiency ranges highlighted significant differences. Among member farmers, 73.3 per cent fell within the 70–90 per cent efficiency range, and 23.4 per cent operated in the 90–100 per cent range. In contrast, 63 per cent of non-member farms fell within the 50–70 per cent range, with only 7 per cent reaching the 90–100 per cent range.
These findings suggested that though the non-member fruit farmers were relatively effective in input selection, member farmers benefited from higher technical and pure technical efficiency, likely due to access to collective resources, training, and extension services through FPOs. The results emphasised the role of FPOs in improving technical efficiency and bridging knowledge gaps, ultimately contributing to better farm performance and sustainable production practices. Strengthening the technical capacity of non-member farmers through wider FPO outreach and training initiatives could further enhance overall efficiency and economic outcomes in fruit farming.
1.4 Efficiency Analysis of Livestock Rearing (Goat) Farms Using DEA
The efficiency analysis of member and non-member livestock-rearing farms was conducted to evaluate their resource utilisation and cost-effectiveness. Table 4.31and Fig. 4.13 depicted the percentage average efficiencies and the distribution of sample farms according to their technical efficiency levels. Member farmers achieved a significantly higher average technical efficiency of 90 per cent, compared to only 52 per cent for non-member farmers, indicating that members utilised their resources much more effectively to maximise output. Pure technical efficiency was also notably higher for members at 99 per cent, while non-members recorded 90 per cent, suggesting that member farmers were operating very close to the production frontier, likely due to access to technical knowledge, veterinary services, and management practices facilitated through FPOs.
Table 4. Percentage Average Efficiencies & Distribution of the Sample of Livestock 
              Rearing Farms According to Technical Efficiencies
	Sr. No
	Particular
	Member (N=30)
	Non-Member (N=30)

	1
	Technical Efficiency 
	90
	52

	2
	Allocative Efficiency
	79.2
	87

	3
	Economic Efficiency
	72
	46

	4
	Pure Technical Efficiency 
	99
	90

	5
	Scale Efficiency
	90
	59

	Technical Efficiency Range (percentage)  

	I
	< 50
	0
	53

	II
	50-70
	13.3
	33

	III
	70-90
	16.7
	13.4

	IV
	90-100
	70.0
	0.0


Allocative efficiency was higher for non-member farmers at 87 per cent, compared to 79.2 per cent for members. This indicated that non-members were more precise in selecting the optimal input combination at given input prices, possibly because livestock farmers outside of FPOs might rely more on traditional cost-minimisation practices. However, despite their higher allocative efficiency, non-members struggled with technical inefficiency, which pulled down their overall economic efficiency to 46 per cent, compared to 72 per cent for members. The higher economic efficiency among members highlighted the combined benefits of strong technical capabilities and near-optimal resource allocation, which helped to reduce production costs and enhance profitability.
Scale efficiency showed a substantial gap, with members reaching at 90 per cent while non-members lagged by 59 per cent. This suggested that member farmers were more likely to operate at an optimal scale, possibly benefiting from collective access to inputs, markets, and financial resources through FPOs, whereas non-members may have struggled with suboptimal herd sizes or production structures.
The distribution of farms across technical efficiency ranges further highlighted the disparities. Among member farmers, 70 per cent operated within the 90–100 per cent range, and no farms fell below 50 per cent efficiency. In contrast, over half (53%) of non-members of the farms operated below 50 per cent efficiency, and none reached the 90–100 per cent range. This stark contrast suggested that the majority of non-member livestock farmers faced severe technical inefficiencies, which limited their overall performance.
These findings underscore the critical role of FPOs in enhancing the technical and scale efficiency of livestock farms. Membership provided access to better training, veterinary care, bulk input purchasing, and organised marketing, all of which contributed to higher productivity and better economic outcomes. Strengthening FPOs' support services and encouraging broader farmer participation could help to bridge the efficiency gap and promote more sustainable and profitable livestock farming practices.
CONCLUSION 
The analysis revealed that Farmer-Producer Organisations (FPOs) had a significant positive impact on the farm economy across various sectors, including agriculture, horticulture, vegetable production, and livestock rearing. Member farmers consistently exhibited higher technical, economic, and scale efficiencies compared to non-members, highlighting the benefits of collective resource management, better market access, and enhanced technical knowledge. Although non-members demonstrated relatively high allocative efficiency in some cases, their lower technical efficiency limited overall economic gains. FPOs' membership helped farmers optimise production processes, reduce costs, and improve profitability, emphasising the importance of strengthening FPOs to enhance farm sustainability and rural livelihoods. 
From the above results, it is concluded that the null hypothesis put forth that there is no significant impact of FPO on farmers' income is rejected, and hence the alternative hypothesis that there is a significant impact of FPO on farmers' income is accepted. Similar results were noted by Prabhavati et al,2022 and Singh and Vatta,2019.
POLICY IMPLICATIONS 
A focused policy should aim at strengthening Farmer-Producer Organisations (FPOs) through enhanced institutional support, financial access and market linkages, thereby enabling member farmers to optimise production efficiency, reduce costs and secure better prices. This integrated approach will not only improve farm-level profitability and income but also contribute to long-term farm sustainability and rural livelihood security.
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Fig 1. Graphs are showing the Average Efficiencies and its Distribution According to Technical Efficiencies
of Sample Agril. Commodity (Soybean) Farms
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Fig 2. Graphs are showing the Average Efficiencies and its Distribution According to Technical Efficiencies of
Sample Vegetable (Onion) Farms
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Fig 3. Graphs are showing the Average Efficiencies and their Distribution According to Technical Efficiencies of
Sample Fruits (Pomegranate) Farms
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Fig 4. Graphs are showing the Average Efficiencies and their Distribution According to the Technical Efficiencies of Sample Livestock Rearing (Goat) Farms
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