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ABSTRACT 

The promotion of cooperatives is widely viewed as the most important institutional arrangement for 

spurring dairy development in India and  much of the success of the White Revolution in India is 

attributed to the cooperative framework of the country's dairy development strategies. However, empirical 

evidences on impact of dairy cooperatives based on sound econometric analysis are scarce. To bridge the 

gap in literature, this paper examines the impact of dairy cooperative membership on farm performance 

indicators, such as milk yield, net returns, and adoption of food safety measures (FSM) in milk 

production, using panel data from a survey of milk producers in 2007 and 2015 in Bihar, India. An 

endogenous switching regression model, which accounts for selection bias, is used in the analysis. The 

empirical analysis reveals that dairy cooperative membership has a positive and statistically significant 

impact on milk yield, net returns, and compliance with FSM. An analysis of data disaggregated by  

farm size also indicates that marginal farmers tend to benefit more from dairy cooperatives than small, 

medium, and large farmers. 

 

Keywords:  food safety measures, dairy profitability, dairy cooperative membership, endogenous 

switching regression, Bihar, India 
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1. INTRODUCTION 

The promotion of cooperatives is widely viewed as the most important institutional arrangement for 

spurring dairy development in India. Indeed, much of the success of the White Revolution in India is 

attributed to the cooperative framework of the country's dairy development strategies. The cooperatives 

have been found to strengthen farmers’ bargaining power to ensure more competitive prices for both 

inputs and outputs, reduce transaction costs, improve information symmetry, and improve agrofood safety 

and quality standards (Trebbin, 2014; Jia et al., 2012; Moustier et al., 2010; Hellin et al., 2009; Markelova 

et al., 2009; Valentinov, 2007; Holloway et al., 2000). The Indian government has made efforts to 

accelerate the systematic promotion of dairy cooperatives through financial and policy support, especially 

after the launch of Operation Flood  in 1970. The network of dairy cooperatives has expanded 

considerably since then, and in 2015/16, about 16 million dairy farmers (approximately 20 percent of the 

total dairy farmers in the country) were associated with 180,000 dairy cooperative societies. Nonetheless, 

the spread of dairy cooperatives in India has been uneven, and its potential in the context of globalized 

markets is often questioned. Earlier studies in India suggest that farmers’ participation in dairy 

cooperatives led to a significant increase in milk production and yield, decrease in the cost of milk 

production, reduction in the transaction costs of accessing inputs, information, technology, and markets, 

and a realization of higher prices and profits (Birthal et al., 2007, 2009, 2017; Kumar et al., 2011a; Kumar 

et al., 2011b; Kumar, 2010; Stockbridge et al., 2003; Berdegue, 2001; Singh and Pundir, 2000; Shukla 

and Brahmankar, 1999; Candler and Kumar, 1998; Singh, 1996; Mergos and Slade, 1987; Singh and Das, 

1984; Lele, 1981). A few studies indicate that cooperative membership also has a significant impact on 

compliance with food safety measures (FSM) (Kumar et al., 2011b; Kumar et al., 2013, 2017a; Vandeplas 

et al., 2013; Gupta and Roy, 2012; Narrod et al., 2009; Roy and Thorat, 2008). However, in examining 

the impact of dairy cooperative membership, most of the studies did not take any measures to correct for 

sample selection bias and thus may give biased results. Further, most of the studies are based on cross-

sectional data. This paper aims to contribute to the growing literature on the role of dairy cooperatives by 
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identifying the factors that influence dairy farmers’ decisions to join a dairy cooperatives and by 

estimating the impact of dairy cooperative membership on milk yield , net returns per liter, and 

compliance with FSM. The study uses panel data from 148 dairy farmers in Bihar, one of the most 

important milk producing states in India, for empirical analysis. 

We model the farmer's choice to join a dairy cooperative as a selection process, where the 

expected higher net returns to the cooperative members drive farmers’ decisions of choosing to join. This 

study uses an endogenous switching regression approach to account for sample selection bias (Lokshin 

and Sajaia, 2004). This approach allows us to analyze both the determinants of cooperative membership 

and the impact of membership on farm performance indicators, such as milk yield, net returns, and 

compliance with FSM. The results show that dairy co-operative membership has a positive and significant 

effect on milk yield, net returns and compliance with FSM. Further, income gains brought about by dairy 

co-operatives is greater for small-scale farmers, indicating pro-poor tilt of dairy co-operatives. 

The remainder of the study is structured as follows: Section 2 gives an overview of the dairy sector and 

dairy cooperatives in Bihar. Section 3 presents the data and the corresponding descriptive statistics. 

Section 4 presents the analytical methods, and Section 5 discusses the empirical results. Section 6 

provides conclusions and policy implications of the study. 
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2. DAIRY SECTOR IN BIHAR 

With a population of about 104 million, Bihar is the third-most populated state in India, after Uttar 

Pradesh (200 million) and Maharashtra (114 million). It has one of the lowest per capita incomes and 

highest incidences of poverty. Dairy is an important income-generating activity for the rural poor in 

Bihar, comprising about 31 percent of the state’s agricultural gross domestic product (AGDP) and 

contributing about three-fourths of livestock GDP (Hoda et al., 2017). Currently, Bihar is one of the 

major milk-producing states in India, contributing about 5.3 percent of national milk production. 

Production of milk in the state increased from 2.4 million tonnes in 2000/01 to 8.3 million tonnes in 

2015/16, registering a compound annual growth rate of 6.5 percent. Milk production in Bihar is 

dominated by smallholder dairy farms. The average herd size is small, with a few buffalo, dairy cows, 

or both, and the herd is reared in a system that is closely integrated with crop production. In 2013, 

about 93 percent of milk producers were marginal or small—having less than 2 hectares of land—and 

together contributed about 90 percent of the total milk production in the state (Kumar et al., 2017b). 

Cattle and buffalo are the main milch species, contributing about 98 percent of the state's milk 

production (Table 2.1)—the remaining 2 percent is contributed by goats. Buffalo compose 38 percent  

of in-milk animals in Bihar and contribute 39 percent of state milk production. Crossbred cattle 

compose 20 percent of the in-milk animal population and contribute 31 percent of milk production. 

Indigenous cattle, with a 36 percent share of the population, contribute 28 percent of Bihar's milk 

output. The average milk yield of buffalo and cattle in Bihar is low but has shown significant 

improvement in recent years. 

  



 

 4 

Table 2.1 Key indicators of dairy development in India and Bihar 

 

 India  Bihar 

 2000–2001 2015–16  2000–2001 2015–16 

Milk production (‘000 tons)       

Crossbred cows  14,131 

(17.5) 

41,931 

(27.0) 

 99 

(4.0) 

2,579 

(31.1) 

Local cows  18,826 

(23.4) 

31,714 

(20.4) 

 651 

(26.2) 

2,302 

(27.8) 

Buffalo  43,428 

(53.9) 

76,459 

(49.2) 

 1,460 

(58.7) 

3,210 

(38.7) 

Goats  4,222 

(5.2) 

5,378 

(3.5) 

 279 

(11.2) 

198 

(2.4) 

Total  80,607 

(100.0) 

146,314 

(100.0) 

 2,489 

(100.0) 

8,288 

(100.0) 

In-milk animals (‘000)  
  

 
  

Crossbred cows  6,011 

(9.3) 

15,412 

(16.8) 

 55 

(1.9) 

1,104 

(20.3) 

Local cows  26,872 

(41.4) 

31,753 

(34.7) 

 1,093 

(37.1) 

1,941 

(35.8) 

Buffalo  29,371 

(45.2) 

41,190 

(45.0) 

 1,194 

(40.6) 

2,059 

(37.9) 

Goatsa  2,674 

(4.1) 

3,246 

(3.5) 

 602 

(20.4) 

322  

(5.9) 

Total  64,928 

(100.0) 

91,601 

(100.) 

 2,944 

(100.0) 

5,426 

(100.0) 

Yield (kilograms/in-milk animal)  
  

 
  

Crossbred cows  6.4 7.5  4.9 6.4 

Local cows  1.9 2.7  1.6 3.2 

Buffalo  4.1 5.1  3.4 4.3 

Goats  0.4 0.5  0.1 0.2 

Animal health and breeding infrastructure  
  

 
  

Veterinary institutions (number)b  52,757 62,422  2,259 2,717 

Artificial insemination (‘000)  21,324 120,745  22 2,624 

Number of dairy processing plants (number)  
  

 
  

Cooperatives  212 263  6 10 

Private sector  403 765  1 2 

Others  63 37  0 0 

Total  678 1,065  7 12 

Processing capacity (‘000 liters/day)  
  

 
  

Cooperatives  28,394 43,251  485 700 

Private sector  32,415 73,252  120 400 

Others  12,170 3,046  0 0 

Total  72,979 119,549  605 1,100 

Source: Government of India, 2015. 

Note: Percentage figures are given in parenthesis. 
a Goats converted into equivalent cattle unit; 10 goats = 1 cattle unit. 
b Veterinary institutions include hospitals/polyclinics, dispensaries, and stockmen centers. 



 

 5 

The Bihar State Milk Cooperative Federation (COMFED) has played a pivotal role in developing 

the state's dairy sector. It was established in 1983 as the implementing agency of the Operation Flood 

program in Bihar. COMFED’s cooperative model, similar to the pattern used in Amul Model in Gujarat, 

is a three-tiered structure. The milk producer’s cooperative society is positioned at the village level, the 

milk union at the district level, and the milk federation at the state level. The number of dairy cooperative 

members increased in Bihar from 65,600 in 1987/88 to 629,200 in 2011/12. Milk procurement by 

COMFED increased from 71 thousand kilograms per day in 1987/88 to around 1.07 million  

kilograms per day in 2011/12, recording a compound annual growth rate (CAGR) of 13.3 percent 

(http://www.sudha.coop, accessed on 07th July, 2017). Despite this robust growth in milk procurement, 

only about 10 percent of the milk produced in the state is procured and processed by COMFED at present. 

Milk marketing has remained a largely with informal sector in Bihar. Milk is marketed through 

the highly-fragmented sector that includes local milk vendors, wholesalers, retailers, and neighboring 

consumers. These informal milk market agents handle about 74 percent of marketed milk in the state 

(Kumar, 2010; Kumar et al., 2017b). The processing capacity of the organized dairy sector has been 

bolstered by improvements, but these advancements are inadequate to handle the marketed surplus 

generated in the state. These figures suggest that there is considerable scope for the organized sector to 

participate in milk markets in the state. 
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3. DATA AND DESCRIPTIVE STATISTICS 

The panel data for this analysis is based on the primary data collected at the farm level in two rounds—

first in 2007 and then 2015—in Bihar. In both rounds, we collected data using a thoroughly pretested 

questionnaire and trained enumerators. We purposively selected the Patna district of Bihar. This district is 

well known for milk production and the presence of different milk marketing regimes (i.e., dairy 

cooperatives, informal traders, and the private sector corporate dairy) (Kumar et al., 2011a). Patna district 

contributed about 6 percent of the total milk production of Bihar in 2014 (http://www.sudha.coop, 

accessed on 07th July, 2017). In 2007, three blocks  were selected randomly from Patna district, and from 

each selected block, three villages were randomly selected (Appendix Table A.1). From each block, 

75 dairy households were selected for the survey. At the village level, we randomly selected sample 

households in proportion to the village population through the random walk method, and thus, a total 

sample of 225 dairy farmers were selected in 2007. The sample households were first stratified into two 

groups—members and nonmembers of dairy cooperatives. Hereafter, to simplify the discussion, we refer 

to the households as member and nonmember households based on their association with dairy 

cooperatives. In 2015, we revisited the same 225 households, but we could trace only 148. The remaining 

households have either migrated or left dairy farming. The data gathered covered a wide range of 

information on household characteristics, milk production, and marketing practices as well as compliance 

with food safety practices in milk production at the farm level. Appendix Table A.2 presents summary 

statistics of variables used in the empirical model, along with the difference in each explanatory variable 

for member and nonmember dairy farmer households. 

In 2007, out of 148 dairy farmers, only 21 (14.2%) were members of dairy cooperative societies. 

The dairy cooperative membership among sample households increased to 60 (40.5%) in 2015, 

representing more than 100 percent expansion in cooperative membership. Forty-three dairy farm 

households acquired cooperative membership between 2007 and 2015, and four dairy farmers left the 

dairy cooperatives. To examine the dynamic effects of dairy cooperative membership further, we 
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performed a descriptive analysis of the 43 households that became members during the study period 

(Table 3.1). We assumed that these households had randomly decided to be cooperative members based 

on unobservable characteristics, but the small sample size preclude us from any econometric analysis to 

support this assumption. There has been a significant increase in milk production. We found that the net 

return per liter more than doubled after acquiring dairy cooperative membership, due to higher milk yield. 

The average household milk production increased from 3.2 liters per day in 2007 to 6.6 liters per 

day in 2015, mainly due to a more than two-fold increase in milk yield. The share of dairy in household 

income also increased from 23 percent in 2007 to 29 percent in 2015, indicating the increasing role of 

dairying in small holders’ household income. Further, the greater extent of marketed milk surplus and the 

increased participation of producers in milk markets indicate the enhanced commercialization of these 

households after becoming cooperative members. The adoption of FSM also increased from 45.3 percent 

in 2007 to 52.2 percent in 2015. 
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Table 3.1 Descriptive statistics of transition from nonmember in 2007 to cooperative members 

in 2015 

Particulars 

Nonmember 

households 

in 2007 

Nonmember households 

in 2007 who became 

members in 2015 t-value 

Number 43 43    — 

Age of household head (years) 51.3 56.3 0.0441ns 

Household headed by male (%) 97.6 95.3 -0.6417ns 

Education of household head (years) 5.7 6.7 1.5360ns 

Household size (number) 9.7 9.8 0.4888ns 

Dependency ratio 43.8 42.6 -0.0875ns 

Size of landholding (hectare) 1.0 0.8 -1.6600* 

Herd size (number) 1.5 1.6 0.4301ns 

Adoption of crossbred animal (%) 18.7 77.5 8.1151*** 

Kutcha shed (%) 51.1 18.6 5.9332*** 

Pucca/semipucca shed (%) 48.9 81.4 5.9332*** 

Annual household income (000’ INR) 80.7 177.4 5.4387*** 

Annual per capita income (000’ INR) 9.1 19.8 7.4474*** 

Experience in dairying (years) 21.9 28.9 4.1865*** 

Contribution of dairying to household income (%) 22.7 28.6 3.1748*** 

Training in dairy farming (%) 0.0 7.0 1.4339ns 

Animal value (000’ INR) 22.6 36.7 0.0293ns 

Average milk production (liters/day) 3.2 6.6 4.0379*** 

Milk price (INR) 13.0 31.8 2.2002*** 

Milk producing households selling milk (%) 30.2 76.7 5.7672*** 

Share of marketed milk (%) 22.7 56.5 3.5390*** 

Average milk sold (liters/day/hh) 1.3 5.8 3.7741*** 

Milk yield (liters/animal/day) 2.1 4.3 6.0560*** 

Net return per liter (INR) 4.9 10.2 6.3584*** 

Food safety index 0.45 0.52 0.1297ns 

Notes: hh: household. INR: Indian rupee. 
***, **

, and 
* indicate 1, 5 and 10 percent levels of significance, respectively, and ns represents “not significant.”  
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4. METHODOLOGY 

Adoption of Food Safety Practices at Farm Level 

To assess the adoption status of FSM at the farm level, this study identified 42 measures being practiced 

to ensure milk safety. These measures were related to the control of chemical and microbiological 

hazards. To make a comparative assessment of the adoption status of FSM compliance, we developed an 

index of adoption of food safety practices (FSI) based on weighted scores that align with different 

components of food safety. Weighted scores were computed as follows: The 42 practices being followed 

by the dairy farmers were grouped under four categories—animal health, hygienic milking, hygienic 

storage, and maintenance of hygienic premises, including the surrounding environment. These four 

categories were accorded weights of 0.25, 0.35, 0.20, and 0.20, respectively, based on their relative 

importance in ensuring milk safety and in consultation with scientists working on milk safety issues 

(Kumar et al., 2011b, 2017a). The number of practices being followed in each category was multiplied by 

the respective weight and summed across all categories to obtain a weighted score reflecting the adoption 

level of food safety practices. The FSI for ith farm was represented by equation (1): 

 𝐹𝑆𝐼𝑖 = ∑ 𝑤𝑗𝑝𝑗 
4
𝑗=1 , (1) 

where 𝑤𝑗 is the weight assigned to the jth FSM category, and 𝑝𝑗 is the proportion of food safety measures 

practiced in each category. These weights sum to one, and the FSI ranges between 0 and 1. 

Impact of Dairy Cooperatives on Farmers’ Performance:  
Endogenous Switching Regression 

Our variable of interest, membership in dairy cooperatives, is based on individual selections and may be 

correlated with unobservable characteristics, such as a farmer's ability or extent of motivation, which 

could also have effect on their performance in dairy farming. A simple comparison of members and 

nonmembers can provide misleading results that attribute differences in the performance of cooperative 

and independent producers. To account for both endogeneity and sample selection, we use an endogenous 

switching regression (ESR) framework to estimate the parameters. We account for the endogeneity of the 
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association with cooperative members by estimating a simultaneous equations model with endogenous 

switching by full information maximum likelihood (FIML). The decision to be a cooperative member is 

voluntary and may be based on individual self-selection. The dairy farmers associated with cooperatives 

may have inherently different characteristics from the nonmembers, and may have decided to be a 

cooperative member based on the expected benefits. We specify the selection equation for association 

with a cooperative as 

 𝑀𝑖
∗ = 𝑋𝑖𝛼 + 𝛿𝑖 with 𝑀𝑖 =  {

1 if 𝑀𝑖
∗ > 0

0 otherwise
 . (2) 

That is, a dairy farmer will opt to be a cooperative member (𝑀𝑖 = 1), if 𝑀∗ > 0, where 𝑀∗ represents the 

expected benefits of being with a member of  cooperatives compared to nonmembers. 

Here, X is a vector of variables that determine the dairy farmer's association with a cooperative. 

These variables include the dairy farmer household’s characteristics (e.g., age, gender, education, 

household size, land size, herd size, dependency ratio, experience in dairy farming, share of dairy income, 

per capita income, animal value, condition of animal shed, training on livestock, and share of crossbred 

animals etc.). In the second step, based on the results of the selection function, two regime equations are 

specified explaining the outcomes of interest (milk yield, net return per liter, and adoption of FSM). The 

relationship between a vector of explanatory variables X and the outcome Y can be represented by  

𝑌 = f(𝑋). Specifically, the two regimes are represented as follows: 

 Regime 1: 𝑌1𝑖 = 𝑋1𝑖𝛽1 +  휀1𝑖 if 𝑀𝑖 = 1 

   Regime 2: 𝑌2𝑖 = 𝑋2𝑖𝛽2 +  휀2𝑖 if 𝑀𝑖 = 0 , (3) 

where 𝑌𝑖 is the outcome of interest (e.g., milk yield, net return per liter, or FSI) in regimes 1 and 2, and 𝑋𝑖 

represents a vector of the explanatory variables discussed above. Finally, the error terms are assumed to 

have a trivariate normal distribution, with zero mean and covariance matrix. If the estimated covariance 

between 𝛿 and 휀’s (𝜌1 and 𝜌2, respectively) are statistically significant, then association with a 

cooperative member and the milk yield, net return per liter, or FI score are correlated. The 𝜌1 and 𝜌2 are 

the transformation of the correlation between the errors from the equation 3. Using this method, we found 
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evidence of endogenous switching and rejected the null hypothesis that sample selectivity bias was 

absent. This model is defined as a “switching regression model with endogenous switching” (Maddala 

and Nelson, 1975). 

In this model, it is very important to use selection instruments. The selection of instrumental 

variables should directly affect the selection variable but not the outcome variable. In this study, we used 

caste as a selection instrumental variable. We established the admissibility of the instruments by performing 

a simple falsification test: if a variable is a valid selection instrument, it will affect the dairy farmers' 

households that have an association with a dairy cooperative, but it will not affect the outcome variable of 

the dairy farmers' households that are not associated with a dairy cooperative (Appendix Table A.3). 

In addition to using the endogenous switching regression model, we calculated the dairy farmers' 

conditional expectations for milk yield, net return per liter, and adoption of the food safety index in the 

four cases presented below: 

 a. 𝐸(𝑌1𝑖|𝑀𝑖 = 1) =  [∑ (𝑋1𝑖𝛽1 + 𝜎1𝑛𝛾1𝑖)Mi=1 ]/𝑁1  (4) 

 b. 𝐸(𝑌2𝑖|𝑀𝑖 = 0) =  [∑ (𝑋2𝑖𝛽2 + 𝜎2𝑛𝛾2𝑖)Mi=0 ]/𝑁0  (5) 

 c. 𝐸(𝑌2𝑖|𝑀𝑖 = 1) =  [∑ (𝑋1𝑖𝛽2 +  𝜎2𝑛𝛾1𝑖)Mi=1 ]/𝑁1 (6) 

 d. 𝐸(𝑌1𝑖|𝑀𝑖 = 0) =  [∑ (𝑋2𝑖𝛽1 +  𝜎1𝑛𝛾2𝑖)Mi=0 ]/𝑁0 . (7) 

𝑁1 and 𝑁0 are the number of observations with 𝑀𝑖 = 1 and 𝑀𝑖 = 0, respectively. 

Cases (a) and (b) in Table 4.1 represent the actual expectations observed in the sample. Cases (c) 

and (d) represent the counterfactual expected outcomes. However, following Heckman et al. (2001), we 

calculated the effect of the treatment “cooperative members” on the treated (TT) as the difference 

between (a) and (c), which represents the impact of members on the outcome variable of the dairy farm 

households that are cooperative members. Similarly, we calculated the difference between (d) and (b) as 

the effect of the treatment on the untreated (TU) for the dairy farm households that did not become a 

cooperative member. 
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Table 4.1 Treatment and heterogeneity effect—Decision stage 

Transitional  

heterogeneity 

 Decision stage  
Treatment 

effects Member Nonmember 

Member  (a) 𝐸(𝑌1𝑖|𝑀𝑖 = 1) (c) 𝐸(𝑌2𝑖|𝑀𝑖 = 1)  TT 

Nonmember  (d) 𝐸(𝑌1𝑖|𝑀𝑖 = 0) (b) 𝐸(𝑌2𝑖|𝑀𝑖 = 0)  TU 

Heterogeneity effects  BH1 BH2  TH 

Notes: (a) and (b) represent observed expected outcome indicators. (c) and (d) represent counterfactual expected outcome indicators. 

𝑀𝑖 = 1 if dairy farm households are cooperative members; 𝑀𝑖 = 0 if dairy farm households are not cooperative members. Y1i: 

Outcome indicators if dairy farm households are cooperative members. Y2i: Outcome indicators if dairy farm households are not 

cooperative members. TT: the effect of the treatment (i.e., cooperative member) on the treated (i.e., dairy farm households are not 

cooperative members). TU: the effect of the treatment (i.e., cooperative member) on the untreated (i.e., dairy farm households are 

not cooperative members). BHi: the effect of base heterogeneity for dairy farm households that are cooperative members (i = 1), 

and not associated with cooperative members (i = 2). TH = (TT - TU) (i.e., transitional heterogeneity). 

We also defined the “the effect of base heterogeneity” for the group of dairy farm households that 

decided to become a cooperative member as the difference between (a) and (d). For the group of dairy 

farm households who decided not to be a cooperative members, the effect of base heterogeneity was 

defined as the difference between (c) and (b) (Carter and Milon, 2005). 

Lastly, we examined the “transitional heterogeneity” (TH)—namely, whether the effect of a 

cooperative membership on the outcome variable is larger or smaller for the dairy farm households that 

are cooperative members than for the households that are not cooperative members in the counterfactual 

case (i.e., the difference between TT and TU). 
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5. RESULTS AND DISCUSSION 

 
Tables 5.1–5.3 report the estimates of the endogenous switching regression model estimated by FIML. As 

indicated earlier, the FIML approach jointly estimates both the selection and outcome equations. The 

outcome equations that represent the impact of cooperative membership on milk yield, net returns, and 

compliance with FSM for both members and nonmembers are given in the second and third columns of 

Tables 5.1–5.3, respectively. The selection equations that represent the determinants of dairy cooperative 

membership are given in the fourth column of Tables 5.1–5.3. The last column of Tables 5.1–5.3 provide 

the estimated impact of cooperative membership based on the coefficients of ordinary least squares (OLS) 

regressions. 

In the next section, we first discuss the determinants of dairy cooperative membership based on 

the selection equations in Tables 5.1–5.3. We then discuss the impact of cooperative membership on milk 

yield, net returns, and compliance with FSM. Finally, Table 5.4 presents the estimates for the average 

treatment effects on the treated (ATT). 

Determinants of Dairy Cooperative Membership 

The results of the participation equation given in the third column of Tables 5.1–5.3 suggest that the 

drivers of dairy farming households’ decisions to become cooperative members include herd composition, 

milk production, caste affiliation, household size, and per capita income. A higher share of crossbred 

animals, higher milk production, and belonging to a general caste category positively influence the 

households’ decisions to become members of dairy cooperatives. But per capita income and herd size are 

found to have a negative influence on the probability of becoming cooperative members. The probability 

of participation in dairy cooperatives increased significantly between 2007 and 2015, as indicated by the 

positive and significant coefficient of the year dummy variable. Land size, age, gender, the household’s 

dependency ratio, and the regional location variables do not significantly affect the probability of 

belonging a member of the dairy cooperatives. 
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Table 5.1 Impact of dairy cooperatives on milk yield 

 

Endogenous switching regression  

Panel fixed 

effect model 

Member = 1 

(dairy farmers 

associated with 

cooperative 

members) 

Member = 0 

(dairy farmers 

not associated 

with cooperative 

members) 

(Member = 1, 

otherwise = 0) 

Dependent variable  Milk yield Milk yield Membership Milk yield 

Column 1 2 3 4 

Memberᶺ    1.445** 

   (0.681) 

Age in years 0.095 -0.008 -0.008 0.023 

(0.071) (0.024) (0.010) (0.025) 

Male-headed householdᶺ 0.688 0.649 -0.448 -0.162 

(5.472) (1.391) (0.492) (1.268) 

Education in years 0.140 -0.039 -0.018 0.033 

(0.148) (0.049) (0.023) (0.060) 

Household size 0.210 0.057 -0.048* 0.058 

(0.157) (0.072) (0.027) (0.067) 

Dependency ratio 1.396 -1.348 -0.586 -0.605 

(3.044) (0.985) (0.521) (1.015) 

Landholdings in hectares -0.588* 0.601*** 0.072 -0.000 

(0.340) (0.195) (0.063) (0.253) 

Herd size 2.653*** 2.360*** 0.129 3.011*** 

(0.621) (0.457) (0.091) (0.403) 

Share of crossbred animals -0.021 0.003 0.007** 0.004 

(0.030) (0.008) (0.003) (0.007) 

Experience in dairy farming in years -0.050 -0.012 -0.015 -0.023 

(0.056) (0.018) (0.010) (0.018) 

Share of dairy income in total income 0.052 0.034*** 0.002 0.041*** 

(0.052) (0.011) (0.005) (0.013) 

Training in livestockᶺ -4.978 0.401 0.695 -1.768 

(3.247) (1.982) (0.819) (1.742) 

Log of per capita income 2.758*** 0.258 -0.208 0.844** 

(0.955) (0.344) (0.156) (0.373) 

Log of animal values 1.104 0.495 0.212 0.646* 

(1.143) (0.356) (0.138) (0.361) 

Year dummyᶺ -2.776 2.596*** 1.452*** 1.401** 

(2.541) (0.723) (0.318) (0.683) 

General caste   1.368***  

  (0.288)  

Constant -36.600* -8.861** -1.036 -15.950*** 

(20.249) (4.112) (1.734) (5.350) 

Block fixed effect   Yes Yes 

Observations 296 296 296 296 

 1.706*** 1.116***   

(0.230) (0.019)   

 -0.750 0.207   

(1.009) (0.178)   

Note: Robust standard errors in parentheses. 

ᶺ denotes dummy variable. 

 *** p < 0.01, ** p < 0.05, * p < 0.1. 

  

i

j



 

 15 

Table 5.2 Impact of dairy cooperatives on net return per liter 

 

Endogenous switching regression 

Panel fixed 

effect model 

Member = 1 

(Dairy farmers 

associated with 

cooperative 

members) 

Member = 0 

(Dairy farmers not 

associated with 

cooperative 

members) 

(Member = 1, 

otherwise = 0) 

Dependent variable  Net return per liter Net return per liter Membership Net return per liter 

Column 1 2 3 4 

Memberᶺ    0.242*** 

   (0.093) 

Age in years -0.005 -0.003 -0.014 -0.002 

(0.004) (0.005) (0.010) (0.004) 

Male-headed householdᶺ 0.129 0.040 -0.584 0.087 

(0.170) (0.186) (0.547) (0.119) 

Education in years 0.000 0.021 -0.034 0.009 

(0.011) (0.016) (0.026) (0.010) 

Household size -0.003 0.001 -0.057* -0.002 

(0.016) (0.012) (0.030) (0.010) 

Dependency ratio 0.114 0.061 -0.474 -0.002 

(0.261) (0.217) (0.605) (0.170) 

Landholdings in hectares -0.034 -0.077 0.066 -0.050* 

(0.023) (0.059) (0.054) (0.026) 

Experience in dairy farming^ 0.002 0.003 -0.008 0.002 

(0.004) (0.004) (0.010) (0.003) 

Share of crossbred animals 0.001 -0.001 0.007** -0.001 

(0.002) (0.002) (0.003) (0.002) 

Share of dairy income in total 0.006*** 0.001 0.002 0.003 

(0.002) (0.002) (0.005) (0.002) 

Training in livestockᶺ 0.101 0.328 0.860 0.125 

(0.183) (0.423) (0.926) (0.141) 

Milk production in liters 0.021 0.048*** 0.048** 0.030*** 

(0.014) (0.009) (0.024) (0.009) 

Log of animal values -0.045 -0.101 0.152 -0.055 

(0.068) (0.087) (0.147) (0.069) 

Log of per capita income 0.014 0.043 -0.186 0.043 

(0.066) (0.068) (0.173) (0.057) 

Year dummyᶺ 0.758*** 0.662*** 1.325*** 0.741*** 

(0.180) (0.168) (0.333) (0.138) 

General caste   1.534***  

  (0.296)  

Constant 1.978** 2.219** -0.211 1.351 

(0.986) (1.126) (1.865) (0.894) 

Block fixed effect   Yes Yes 

Observations 270 270 270 270 

 -1.141*** -0.431**   

(0.301) (0.182)   

 -0.081 -0.092   

 (1.092) (0.167)   

Note: Robust standard errors in parentheses. 

 ᶺ denotes dummy variable. 

*** p < 0.01, ** p < 0.05, * p < 0.1. 

  

i

j
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Table 5.3 Impact of dairy cooperatives on adoption of food safety index 

 

Endogenous switching regression 

Panel fixed 

effect model 

Member = 1 

(dairy farmers 

associated with 

cooperative 

members) 

Member = 0 

(dairy farmers 

not associated with 

cooperative 

members) 

(Member = 1, 

otherwise = 0) 

Dependent variable  FSI FSI Membership FSI 

Column 1 2 3 4 

Memberᶺ   
 

0.103** 

   (0.048) 

Age in years 0.160 0.070 -0.015 0.001 

(0.136) (0.066) (0.009) (0.001) 

Male-headed householdᶺ -10.157 -1.944 -0.623 -0.114 

(7.499) (2.391) (0.497) (0.083) 

Education in years 0.430 0.567*** -0.037 0.011*** 

(0.403) (0.155) (0.026) (0.004) 

Household size 0.685 -0.139 -0.044 0.002 

(0.447) (0.218) (0.027) (0.005) 

Dependency ratio 8.802 0.100 -0.575 0.027 

(7.487) (3.350) (0.558) (0.078) 

Landholdings in hectares 0.855 0.356 0.053 0.010 

(0.667) (0.687) (0.051) (0.009) 

Share of crossbred animals -0.004 -0.035* 0.008*** -0.000 

(0.050) (0.020) (0.003) (0.000) 

Experience in dairy farming in years -0.149 -0.082 -0.012 -0.003** 

(0.112) (0.063) (0.009) (0.001) 

Share of dairy income in total income -0.049 -0.140*** 0.002 -0.004*** 

(0.085) (0.037) (0.005) (0.001) 

Training in livestockᶺ 9.610 -12.616*** 1.111 0.138 

(7.558) (4.050) (0.850) (0.116) 

Log of per capita income -1.390 -0.930 -0.284* -0.015 

(2.606) (1.068) (0.153) (0.025) 

Log of animal values -3.006 2.744*** 0.169 0.049** 

(2.479) (0.995) (0.131) (0.022) 

Milk production in liters 0.652* 0.767*** 0.040* 0.014*** 

(0.348) (0.223) (0.021) (0.003) 

Year dummyᶺ 1.017 -1.474 1.355*** 0.022 

(5.750) (2.407) (0.286) (0.047) 

General caste   1.599***  

  (0.311)  

Block fixed effect   Yes Yes 

Constant 88.096*** 21.475* 0.605 3.564*** 

(31.836) (12.098) (1.885) (0.267) 

Observations 296 296 296 296 

 2.625*** 2.272***   

(0.159) (0.034)   

 -0.690 -0.494   

(0.745) (0.378)   

Note: Robust standard errors in parentheses. 

ᶺ denotes dummy variable. 

*** p < 0.01, ** p < 0.05, * p < 0.1. 

i

j
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Table 5.4 Treatment and heterogeneity effects  

 Member Nonmember Treatment effects 

Milk yield 

Member (a) 4.09 (c) 2.93 TT = 1.16*** 

Nonmember (d) 2.07 (b) 1.80 TU = 0.27*** 

Heterogeneity effects BH1 = 2.02 BH2 = 1.13 TH = 0.89*** 

Net return per liter 

Member (a) 7.16 (c) 5.20 TT = 1.96*** 

Nonmember (d) 4.87 (b) 3.52  TU = 1.35*** 

Heterogeneity effects BH1 = 2.29 BH2 = 1.68 TH = 0.61*** 

Food safety index 

Member (a) 0.43 (c) 0.39 TT = 0.04*** 

Nonmember (d) 0.45 (b) 0.42 TU = 0.03*** 

Heterogeneity effects BH1 = -0.28 BH2 = -0.29 TH = 0.01*** 

*** significant at the 1 percent level.  

Milk Yield Effects 

The fourth column (OLS approach) of Table 5.1 investigates the effect of cooperative membership on 

milk yield. This approach suggests that there is a significant difference in the milk yield between 

members and nonmembers of dairy cooperatives. The coefficient of the member dummy variable is 

positive and statistically significant. However, the OLS approach assumes that membership to a 

cooperative is exogenously determined, while it is endogenously determined. Therefore, using the OLS 

approach here will lead to biased and inconsistent estimates. Further, the OLS-derived estimates do not 

account for structural differences between the outcome variables of cooperative members and their 

counterparts. To correct for these weaknesses, the results presented in the first and second columns of 

Table 5.1 provide estimates for endogenous switching in the milk-yield function. The estimated 

coefficient of correlation ( ) is not statistically significant in either function. This finding suggests that 

we failed to reject the null hypothesis that sample selectivity bias was absent in both equations. 

Nevertheless, we found a difference between the coefficient of the milk-yield function in members of 

dairy cooperatives and their counterparts, indicating the presence of heterogeneity in the sample. The milk 

yield is significantly higher for cooperative members than for nonmembers. 

j
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Landholding had a positive effect on the milk yield for nonmember farmers. The herd size, year, 

and share of dairy in household income also positively associated with milk yield for nonmember dairy 

farmers. For cooperative dairy farmers, herd size and per capita income is positively associated with the 

milk yield, whereas, landholding had a negative effect on milk yield. 

Net Return Effects 

The fourth column (OLS approach) of Table 5.2 investigates the effect of cooperative membership on net 

return. As mentioned earlier, this approach suggests that there is a significant difference in the net return 

between members and nonmembers of dairy cooperatives. The coefficient of the member dummy variable 

is positive and statistically significant. The estimated coefficient of correlation ( ) is not statistically 

significant in either function. However, we found a difference between the coefficient of the net return 

function in members of dairy cooperatives and their counterparts, indicating the presence of heterogeneity 

in the sample. The scale of milk production and year had a positive effect on the net return for 

nonmember farmers. For cooperative dairy farmers, the share of dairy income and year are positively 

associated with the net return. 

Food Safety Adoption Effects 

Similarly, the fourth column of Table 5.3 investigates the effect of cooperative membership on food 

safety index score. The coefficient of the member dummy variable is positive and statistically significant. 

The estimated coefficient of correlation ( ) is not statistically significant in either function. This finding 

suggests that we failed to reject the null hypothesis that sample selectivity bias is absent in both 

equations. Nevertheless, we found a difference between the coefficient of the food safety index function 

in members of dairy cooperatives and their counterparts, indicating the presence of heterogeneity in the 

sample. The adoption of FSM is significantly higher for cooperative members than for nonmembers. 

Years of education has a positive effect on the adoption of FSM for nonmember farmers. The value of 

livestock assets and the scale of milk production is also positively associated with adoption of FSM for 

j

j
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nonmember dairy farmers. The share of crossbred animals, share of dairy income, and training in 

livestock has a negative impact on food safety adoption for nonmembers. For cooperative dairy farmers, 

the scale of milk production is positively associated with FSM adoption. 

Treatment Effects 

Table 5.4 presents the expected value of milk yield, net return per liter of milk, and adoption of FSM 

under actual and counterfactual conditions. Cells (a) and (b) represent the expected value of outcome 

variables. The expected values for milk yield for members of dairy cooperatives was higher than for 

nonmembers. This simple comparison, however, could be misleading in attributing the different values of 

milk yield to cooperative membership. The last column of the first panel in Table 5.4 presents the 

treatment effects of cooperative membership on milk yield at the farm level. In the counterfactual case 

(c), dairy farmers who became cooperative members would have lower yield by 1.16 liters per day if had 

they not become members. The positive mean difference of (d) and (b) elicits a similar conclusion: 

nonmember dairy farm households would have increased the milk yield of their cattle by 0.27 liters per 

day if they had become members. However, the transitional heterogeneity effect for milk yield is positive, 

meaning the effect is bigger for cooperative dairy farm households with respect to nonmember dairy 

farming households. 

The impact of cooperative membership on net return per liter is also positive and significant. Milk 

producing households gained from being associated with cooperative; their mean net return per liter was 

37 percent higher than it would have been if they had not become cooperative members. The positive 

mean difference of (b) and (d) indicates that the nonmember households would have had higher net 

returns per liter (38 percent) if they had become members. 

Similarly, the expected level of FSM adoption for members (0.43) of dairy cooperatives was 

higher than for nonmembers (0.39). The last column of the third panel in Table 5.4 presents the treatment 

effects of cooperative membership on adoption of FSM at the farm level. In the counterfactual case, dairy 

farmers who became cooperative members would have lower compliance with FSM 4 percent more than 
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if they had not been members. Nevertheless, nonmember dairy farm households would have had 3 percent 

higher adoption levels of FSM had they been members. 

To gain further understanding of the impact of cooperative membership on different groups of 

farmers, we also examined the differential impact of membership by dividing households into quantiles 

based on farm size (Appendix Table A.4-A.6). Table 5.5 shows that the marginal farmers operating on 

less than 1 hectare of land turned out to be the greater beneficiaries of dairy cooperative membership. 

Table 5.5 Impact of dairy cooperative membership on milk yield, net return, and FSM adoption 

by farm size 

Farm Category 

Mean outcome 

ATT t-value Change in % Members Nonmembers 

Milk yield     

Landless 5.2 3.3 1.9 1.7102* 57.6 

Marginal 8.3 4.3 4.0 3.3245*** 93.0 

Small and large 8.5 4.7 3.8 2.5282** 80.9 

Net return per liter     

Landless 8.4 8.0 0.4 0.1176ns 4.7 

Marginal 12.5 7.0 5.4 2.7300*** 77.1 

Small and large 10.0 5.3 4.7 1.9171* 89.2 

Adoption of food safety index    

Landless 0.44 0.36 0.8 2.1391** 20.4 

Marginal 0.53 0.44 0.9 3.251*** 20.4 

Small and large 0.56 0.49 0.7 2.185** 12.6 

Note: ***, **, and 
* indicate 1, 5 and 10 percent levels of significance, and ns represents “not significant.” 
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6. CONCLUSION 

This paper examines the factors that influence dairy farmers’ decisions to become members of milk 

cooperative societies, and the impact of cooperative membership on milk yield, net returns per liter, and 

adoption of food safety measures. The study used farm-level panel data collected from a randomly 

selected sample of 148 households. Simple comparisons of average milk yield, net returns per liter, and 

food safety adoption revealed significant differences between members and nonmembers of dairy 

cooperatives. Since these comparisons are merely descriptive and do not account for confounding factors 

that affect the differences, we employed an endogenous switching regression model, which accounts for 

both observed and unobserved factors to consider the issue of selection bias. The results revealed that 

sample selection bias would result if the outcome specifications were estimated without considering the 

membership decision. 

The empirical results showed a positive and significant relationship between dairy cooperative 

membership and milk yield, net returns per liter, and adoption of FSM. In particular, association with a 

dairy cooperative society tends to increase milk yield by 1.4 liter per day, net return by 24 percent, and 

adoption of FSM by 10.3 percent. The estimates, differentiated by farm size, revealed that the income 

gains brought about by dairy cooperative membership were higher for small-scale farmers. This finding 

suggests that dairy cooperatives can play a significant role in enhancing the household income of 

smallholder dairy farmers. The study also revealed that dairy cooperatives have the potential to enhance 

milk yield and net returns and improve farmers' compliance with food safety measures. Therefore, the 

government should further strengthen and promote the expansion of dairy cooperatives in India. 

  



 

 22 

APPENDIX 

Table A.1 Distribution of sample households and transition to dairy cooperative membership 

Sample 

No. Block name 

No. of 

Villages 

Old sample in 

2007 

No. of matched  

households in 2015 

% of matched 

Households 

1 Bikram 3 75 54 72.0 

2 Mokama 3 75 57 76.0 

3 Phulwari Shariff 3 75 37 49.3 

 Total  9 225 148 65.8 

Transition to dairy cooperative membership between 2007 and 2015 

  

2007 

 2015 

Transition    Member Nonmember 

Member   21  17 (81.0)  4 (19.0) 

Nonmember  127  43 (33.9) 84 (66.1) 

Total  148  60 (40.5) 88 (59.5) 

Note: Percentage figures are given in parenthesis 
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Table A.2 Summary statistics comparing member and nonmember dairy farmer households 

Particulars 

2007 t-value 2015 t-value t-value 

M NM All 

(2007) 

M - NM M NM All 

(2015) 

M - NM 

Year 

2015 - 2007 

Number 21 127 148 - 60 88 148 - - 

Explanatory variables 

Age of household head (years) 52.3 49.5 49.9  0.9737ns 57.0 58.1 57.6 -0.5493ns 5.4676*** 

Household headed by male (%) 95.2 97.6 97.3 -0.6248ns 95.3 96.4 97.3 -0.3389ns - 0.6417ns 

Education of household head (years) 9.7 5.2 5.8 3.7160*** 7.8 6.1 6.8 1.9189* 1.5843ns 

Household size (number) 8.5 9.1 9.0 -0.5009ns 9.4 8.2 8.7 1.5899ns -0.5897ns 

Dependency ratio 32.3 45.5 43.6 -2.756*** 41.1 44.9 43.4 -1.0517 0.0875ns 

Size of land holding (hectare) 3.7 0.7 1.1 5.9781*** 1.3 0.3 0.8 4.0234*** -1.5454ns 

Herd size (number) 2.3 1.4 1.6 3.2646*** 1.6 1.4 1.5 0.9631ns -0.4264ns 

Adoption of crossbred animal (%) 49.0 13.0 18.1 4.3796*** 78.1 41.1 57.1 5.1908*** 7.9653*** 

Kutcha shed (%) 23.8 54.3 50.0 2.6341*** 16.7 20.5 18.9 0.5744ns 5.9332*** 

Pucca/semipucca shed (%) 76.2 45.7 50.0 2.6341*** 83.3 79.5 81.1 0.5744ns 5.9332*** 

Experience in dairying (years) 24.0 20.0 20.5 1.3082ns 18.7 23.1 21.2 -2.0781** 0.4090ns 

Contribution of dairying to household 
     income (%) 26.7 24.8 25.1 0.3911ns 27.9 37.1 35.9 -2.3571** 3.1116*** 

Training in livestock (%) 4.8 0.8 1.4 1.4620ns 8.3 1.1 4.1 2.2004** 1.4339ns 

Annual per capita income (000’ INR) 11.8 7.8 8.4 2.9849*** 19.5 17.2 18.1 0.9405ns 7.4474*** 

Animal value (000’ INR) 40.3 21.7 24.3 3.3973*** 37.3 15.7 24.5 4.5429*** -0.0293ns 

Household belonging to general caste (%) 100.0 28.4 38.5 7.2364*** 65.0 20.5 38.5 6.0790*** - 

Average milk production (liters/day) 8.1 2.8 3.7 5.1594*** 7.1 5.2 6.1 1.8506* 4.1810*** 

Annual household income (000’ INR) 96.1 68.7 72.5 1.9151* 162.6 154.1 157.6 0.2795ns 5.4387*** 

Milk producing households selling milk (%) 66.7 33.9 38.5 2.9247*** 78.1 64.3 70.2 1.8332* 5.7672*** 

Share of marketed milk (%) 48.1 26.4 29.5 3.8887*** 56.0 45.5 50.0 1.7258* 3.5294*** 

Average milk sold (liters/day/hh) 6.3 1.3 2.0 5.4023*** 5.8 3.4 4.5 2.0375** 3.7741*** 

Outcome variables 

Milk yield (liter/animal/day) 3.9 1.9 2.3 4.4146*** 4.5 3.7 4.1 1.5961ns 6.2303*** 

Net return per liter (INR) 6.8 4.0 4.4 2.3964** 12.5 11.0 11.7 0.6445ns 6.2625*** 

Food safety index  0.46 0.43 0.43 0.1102ns 0.53 0.41 0.46 0.4749*** 0.1866* 

Notes: NA: Not applicable. M: Member. NM: Nonmember. hh: household. INR: Indian rupee. 

***, **, and * indicate 1, 5 and 10 percent levels of significance, respectively, and ns represents “not significant.” 
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Table A.3 Parameters estimates—Validity test of the selection instrument  

 Model 1 Model 2 Model 3 Model 4 

Parameter estimates 

Member 

(1 = member, 

0 = otherwise) 

Milk yield 

of nonmember 

Net return of 

nonmember 

Food safety 

index of 

nonmember 

General caste 1.265*** 

(0.169) 

0.410 

(0.355) 

-0.208 

(0.147) 

-1.200 

(1.871) 

Constant -1.199*** 

(0.122) 

2.557*** 

(0.194) 

1.965*** 

(0.066) 

37.612*** 

(1.653) 

Wald test on instrumental 

   variable 

Chi (2) = 55.89*** F-stat = 1.33 F-stat = 2.00 F-stat = 1.72 

Observations 296 215 194 215 

Table A.4 Estimates of adoption of milk yield by farm size  

Dependent variable—Milk yield  
Farm size 

Landless Marginal Small and large 

Memberᶺ 0.953 1.189 -0.320 

(1.299) (0.995) (1.307) 

Age in years 0.009 0.037 -0.037 

(0.038) (0.044) (0.059) 

Male-headed householdᶺ 1.056 -2.151** -30.002** 

(1.875) (1.006) (12.867) 

Education in years -0.168* -0.017 0.023 

(0.090) (0.064) (0.161) 

Household size 0.121 0.241*** -0.012 

(0.141) (0.078) (0.098) 

Dependency ratio -2.079* -2.274 3.367 

(1.200) (1.482) (3.720) 

Experience in dairy farming in years -0.023 -0.043 -0.036 

(0.032) (0.033) (0.036) 

Share of dairy income in total income 0.022 0.064*** 0.074 

(0.017) (0.018) (0.046) 

Log of per capita income 0.299 0.820** 2.459*** 

(0.692) (0.390) (0.905) 

Log of animal values 0.075 0.813* 0.739 

(0.699) (0.461) (0.778) 

Herd size 2.255*** 3.173*** 3.192*** 

(0.820) (0.336) (0.871) 

Year dummyᶺ 1.052 2.789*** -0.705 

(1.190) (0.934) (1.585) 

Training in livestockᶺ 6.009*** -6.046** -2.197 

(1.758) (2.737) (2.359) 

Share of crossbred animals 0.003 -0.006 0.026* 

(0.013) (0.011) (0.016) 

Block fixed effect Yes Yes Yes 

Constant -4.127 -16.631***  

(8.069) (6.398)  

Observations 90 128 78 

Note: Robust standard errors in parentheses. 

ᶺ denotes dummy variable. 

*** p < 0.01, ** p < 0.05, * p < 0.1. 
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Table A.5 Estimates of net return by farm size 

Dependent variable—Net return 
Farm size 

Landless Marginal Small and large 

Memberᶺ 0.181 0.363*** 0.044 

(0.180) (0.133) (0.227) 

Age in years 0.001 0.002 -0.006 

(0.011) (0.004) (0.008) 

Male-headed householdᶺ 0.302 -0.026  

(0.236) (0.137)  

Education in years 0.006 -0.008 0.039* 

(0.022) (0.012) (0.021) 

Household size -0.031 0.026** -0.011 

(0.027) (0.012) (0.017) 

Dependency ratio -0.302 -0.142 0.551 

(0.365) (0.192) (0.576) 

Experience in dairy farming in years 0.005 -0.002 -0.001 

(0.006) (0.004) (0.010) 

Share of dairy income in total income -0.002 0.005** 0.010 

(0.004) (0.002) (0.007) 

Log of per capita income 0.056 0.064 -0.060 

(0.107) (0.068) (0.140) 

Log of animal values 0.113 -0.182** 0.019 

(0.105) (0.079) (0.156) 

Milk production in liters 0.032** 0.046*** 0.015 

(0.015) (0.008) (0.018) 

Year dummyᶺ 0.813*** 0.425** 0.931*** 

(0.267) (0.179) (0.279) 

Training in livestockᶺ -0.570 -0.150 0.096 

(0.503) (0.206) (0.213) 

Share of crossbred animals -0.001 0.000 -0.001 

(0.002) (0.002) (0.003) 

Block fixed effect Yes Yes Yes 

Constant -0.265 2.256** 1.416 

(1.345) (1.021) (1.914) 

Observations 83 115 72 

Note: Robust standard errors in parentheses.  

ᶺ denotes dummy variable 

*** p < 0.01, ** p < 0.05, * p < 0.1. 
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Table A.6—Estimates of adoption of food safety measures by farm size 

Dependent variable—Food Safety Index 
Farm size 

Landless Marginal Small and large 

Memberᶺ 6.304 5.860* 2.811 

(5.525) (3.108) (3.838) 

Age in years 0.017 0.087 0.070 

(0.095) (0.101) (0.129) 

Male-headed householdᶺ -3.571 -5.681 92.947*** 

(3.911) (7.133) (34.319) 

Education in years 0.128 0.566*** 0.554 

(0.468) (0.199) (0.412) 

Household size -0.152 0.231 -0.026 

(0.497) (0.362) (0.394) 

Dependency ratio 7.113 -0.576 -4.069 

(5.266) (4.125) (8.986) 

Experience in dairy farming in years -0.186** -0.164 -0.075 

(0.085) (0.108) (0.114) 

Share of dairy income in total income -0.098* -0.155*** -0.201 

(0.056) (0.056) (0.146) 

Log of per capita income -1.965 0.637 -7.415*** 

(2.502) (1.230) (2.663) 

Log of animal values 3.069** 1.763 1.969 

(1.298) (1.626) (2.843) 

Milk production in liters 1.104*** 0.577** 0.561* 

(0.350) (0.264) (0.298) 

Year dummyᶺ 2.430 -0.017 7.361 

(4.633) (3.206) (4.691) 

Training in livestockᶺ 28.344*** 17.497 -1.264 

(6.925) (14.509) (5.429) 

Share of crossbred animals -0.031 0.003 -0.022 

(0.034) (0.029) (0.041) 

Block fixed effect Yes Yes Yes 

Constant 34.682* 27.769  

(19.639) (18.614)  

Observations 90 128 78 

Note: Robust standard errors in parentheses. 

ᶺ denotes dummy variable 

*** p < 0.01, ** p < 0.05, * p < 0.1. 
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