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Abstract: Paddy-cattle integration farming system is one of the 

dominated farming systems in the dry zone, Sri Lanka where a 

reciprocal relationship is reinforced through the integration of 

paddy farming system with cattle. Particularly, these farming 

systems are subjected to high risk and uncertainty which 

resulted in poor productivity and less sustainability. Hence, this 

study attempted to measure the relationship between 

sustainability and technical efficiency in paddy-cattle integrated 

farming systems. The study employed a survey instrument to 

gather data from 300 randomly selected paddy-cattle integrated 

farmers in the Anuradhapura district. Sustainable Livelihood 

Security Index was computed using 11 variables representing 

economic, social, and environmental dimensions. Principle 

Component Analysis and linear weighted scores were occupied to 

develop the Sustainable Livelihood Security Index using 

normalized variables. Stochastic Frontier Analysis measured the 

technical efficiency of these farming systems. The correlation 

coefficient was measured between technical efficiency and 

sustainability level of the farming systems. According to 

Sustainable Livelihood Security Index values, 11% of the 

respondents were sustainable while 14% and 68% were 

moderately sustainable and vulnerable respectively. The average 

technical efficiency was 83%, implying that paddy-cattle 

integrated farmers have the potential to increase productivity by 

17%. Net swan area (P<0.05), number of milking cattle reared 

(P<0.01), amount of organic fertilizer used (P< 0.01), and family 

labor (P< 0.05) showed a significant impact on the productivity. 

Age (P<0.1), gender (P< 0.05), household size (P< 0.1), farming 

experience (P< 0.1), education level (P< 0.1), access to credit (P< 

0.1), and off-farm income (P< 0.1) significantly influenced the 

efficiency. A positive correlation was found between technical 

efficiency and level of sustainability. Thus, policymakers should 

consider the improvements in technical efficiency while 

considering the socio-economic variables to ensure the 

sustainability of these farming systems. 
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I. INTRODUCTION 

he management and conservation of natural resource 

base, and orientation of technological and institutional 

changes in such manner as to ensure the attainment and 

continued satisfaction of human needs for present and future 

generations. Such development conserve lands, water, plant, 

and animal genetic resources that are environmentally non-

degrading, technically appropriate, economically viable, and 

socially acceptable [1].Sustainability is interrelated with 

environmental efficiency covering multiple environmental 

impacts measured either per unit of area or unit of output, and 

economic performance [2]. The global food systems should be 

transformed into a truly global partnership that broadly shares 

information, experiences, and new technology, following open 

access principles and practices that honor intellectual property 

but enable wide access and [3]. 

[4] expressed that the concept of sustainable agriculture has 

become increasingly vibrant in agricultural policy debates and 

has led farmers to pay attention to the questions of the 

monitoring and evaluation of agricultural practices. Improving 

the productivity and efficiency of agricultural input use is the 

first step in undertaking the challenge of sustainable use of 

natural resources. Moreover, the environmental impacts of 

agricultural production can be reduced by the efficient use of 

production resources or reducing losses of production 

resources. Consequently, measuring and evaluating farm 

performance accounting for environmental differences is an 

important task for researchers to make the best use of 

resources and to identify the best-performing farms [5]. 

Evaluating the sustainability of agricultural systems is a key 

issue for the employment of policies and practices aimed at 

revealing sustainable forms of land use [6] and a key step in 

supporting the development of sustainable farming systems 

[7]. 

Sustainability embraces socio-economic and bio-ecological 

dimensions but its definition is ambiguous, given that 

sustainability cannot be compressed into a single definition it 

seems sensible to monitor a range of sustainability indicators. 

Most indicators are ecological and detailed [8] or are policy-

oriented and have been established at the aggregate, regional, 

or country level [9].  

Technical efficiency is the ratio of actual to best practice (or 

`frontier') production. The existence of persistent technical 

inefficiencies over time offers an opportunity to reduce inputs 

without reducing outputs (input-reducing technical efficiency) 

T 
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or to increase output from the same amount of input (output-

increasing technical efficiency). When farmers progress the 

technical efficiency of their use of polluting inputs, they 

simultaneously achieve economic and environmental 

purposes[2]. In this way, enhancing technical efficiency may 

support sustainability. In this sense, farms that use fewer 

inputs to produce the most outputs form the efficient frontier, 

and inefficient farms can be distinct as those not lying on this 

frontier. It is argued that if farmers can improve the technical 

efficiency of their use of inputs, including polluted ones such 

as pesticides or herbicides, they can simultaneously achieve 

both the economic (ex. to produce more outputs) and 

sustainable (ex. to pollute less) purposes[10], [2]. 

There are larger numbers of small-scale paddy and livestock 

farmers in the dry zone of Sri Lanka. Increasing population 

and other factors caused changing the traditional method of 

farming and lots of new technologies affected the traditional 

integrated system with paddy and livestock. At present, 

modified cattle breeds, high yielding cattle breeds, various 

types of pasture and fodder, high yielding pasture and fodder 

varieties, modified cattle sheds, modified milking techniques, 

and biogas production units are being used in the farming 

systems. Moreover, unpredictable climate change and policy 

change have detrimental impacts on Sri Lankan agriculture, 

especially on low-input farming systems. Drastic changes in 

climate like drought, flood, high temperature, etc. have been 

influenced the small-scale food production systems in Sri 

Lanka directly or indirectly. These conditions caused to lower 

the productivity of the farming systems compared to national 

averages. As a result of that, many of the small-scale farming 

systems in Sri Lanka including small-scale paddy-livestock 

integration systems subjected to a high degree of risks and 

uncertainty. Therefore, it is very difficult to enhance the well-

being of these farmers without addressing the prevailing 

consequences. In such a situation adaptation for sustainable 

agricultural practices and enhancing productivity can offer 

many opportunities for these marginalized farmers in risk 

coping. Hence, the study attempted to assess the relationship 

between technical efficiency and sustainability in small-scale 

paddy-cattle integrated farming systems in Anuradhapura 

district, Sri Lanka. 

II. METHODOLOGY 

North Central Province is the major functioning area in Sri 

Lanka and out of two districts in North Central Province 

Anuradhapura district was selected for the study on accounts 

of the higher extent of crop cultivation and livestock rearing 

belongs to the dry zone. Anuradhapura is the largest 

administrative district which covered 11% of the total land 

area in Sri Lanka. The density of the district is around 717900 

hectares of land and the population is around 856232. The 

district is consisting of 7 Electorates, 22 Divisional 

Secretariats, and 694 Grama Niladhari (GN) Divisions. 

The multi-stage random sampling method was employed to 

select 300 farmers for the study which ensures the fair 

distribution of samples among the farmer population.  

Registered farmers’ list under the Agrarian Service Centers 

was used as the sampling frame for the study. In the first stage 

Kekirawa, Talawa, Nochchiyagama Padaviya, and Palagala 

Agrarian Service Centers were selected randomly which 

represent 40% of the total paddy-dairy farmers' population in 

Anuradhapura district. At the second stage, pre-determined 

numbers of respondents were selected randomly from selected 

Grama Niladhari divisions for each Agrarian Service Center. 

A survey design was adopted and questionnaires were used 

for data collection. Primary data were collected using 

pretested structured questionnaires. Relevant secondary data 

were obtained from the Department of Agriculture, 

Department of Census and Statistics, World Bank annual 

reports, published and unpublished data sources, internet, and 

other sources.  

Both qualitative and quantitative methods are used in data 

analysis. The use of both methods ensures that the results are 

effectively interpreted using numbers, tables, figures as well 

as narratives. The descriptive analysis was applied to identify 

the socio-economic, and demographic characteristics among 

smallholder farmers in paddy-cattle integrated systems. 

Principle Component Analysis (PCA) was used to transform 

several correlated variables which represent social, economic, 

and environmental characteristics of farmers into uncorrelated 

variables that contain most of the characteristics in original 

variables. Based on the measurability and relevance to 

sustainability different variables were used to develop 

sustainability indicators. The variables were designated as 

"less is better and "more is better" respectively. Therefore, 

variables were normalized using linear scoring techniques. 

The normalized value of each variable is included in 

computing indicator variables. A combination of single 

indicators is used to process meaningful composite indexes 

which represent Economic Efficiency Index (EEI), Social 

Sustainability Index (SSI), and Environmental Sustainability 

Index (ESI).  

YLB = (Xi – Xmin/Xmax - Xmin) 

YMB = (Xmax – Xi/Xmax - Xmin)  

Where, Xi, Xmin, and Xmax were variable values, 

minimum and maximum of each selected variable 

respectively. YLB and YMB were considered as linear scores 

for “less is better” and “more is better”.  

Table 1 describes the environmental, economic, and social 

indicators used for the computation of the SLSI in paddy-

cattle integration systems[11]. Each variable may not 

contribute equally to the expected measurement of 

sustainability. Furthermore, the contribution of an indicator 

may be positive or negative.  

Hence, each of the indicators was normalized to be measured 

on a common scale. A non-linear weighted scoring was used 

to combine the indicators with a weight based on their relative 

importance using principal component analysis. This study 

used PCA to reduce the multi-collinearity of data collected.  
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Table I: Indicators Used for the Analysis of Sustainable Livelihood Security 

Index 

Indicator Measurement 
Functional 
Relation to 

SLSI 

Economic Indicators 

Land productivity Paddy yield per acre (kg/ac) Positive 

Milk productivity 
Milk yield for milking cow 

(l/cow) 
Positive 

Cost-Benefit ratio The benefit to cost ratio (%) Positive 

Net swan area Number of acres Positive 

Social Indicators 

Education level 
Number of years attending 

to formal schooling 
Positive 

Income from paddy and 

milk 

Income received from 

paddy and milk production 
Positive 

Women participation in 
paddy and milk farming 

activities 

Number of hours engaged in 
paddy and cattle farming 

activities by women 

Positive 

Distance to the agrarian 

service center 

Nearest distance to agrarian 

service center (km) 
Negative 

Environmental Indicators 

Usage of organic 

fertilizer 

Use of organic fertilizer per 

acre (kg/acre) 
Positive 

Usage of chemical 

fertilizer 

Use of chemical fertilizer 

per acre (kg/acre) 
Negative 

Level of adaptation for 

sustainable agricultural 
practices 

Percentage of adaptation for 

selected sustainable 
agricultural practices 

Positive 

 

The number of principal components (PCs) were selected by 

considering the eigenvalues ≥1 and that accounted for more 

than 5% of the variation in the data [11]. In each PC, the 

indicators with higher factor loading were considered as the 

best representative of the paddy-cattle integration system. 

Each indicator was normalized using the linear scoring 

technique and considered for the SLSI calculation. The weight 

of each variable was calculated by the ratio of variation 

explained by that PC to the cumulative variance explained by 

the PCs with eigenvectors ≥1.0. Weighted SLSI was 

calculated by the following equation. 

Weighted SLSI =   Wi ∗ Vi 

𝑛

𝑖=𝑖

 

Where Wiis the PC weighting factor and Viis the percentage 

of variability of each PC. Higher SLSI values depicted higher 

level of sustainability where SLSI < 0.5 - Vulnerable: SLSI = 

(0.56 - 0.75) - Moderately sustainable; SLSI > 0.76 - Highly 

sustainable [12]. 

The Technical Efficiency (TE) was determined based on the 

Stochastic Frontier Analysis (SFA). The specification of the 

model followed the procedure by [13] and incorporates two 

parts. In the first part the efficient production frontier is 

assessed as a function of control variables and specified as 

indicated below:   

Qi  = f (βXi) + exp Vi − Ui  

Where Qi is the production of the i
th

 observation: Xi is a 

vector of explanatory variables related to production input and 

other control variables of the i
th

 observation; β is a parameter 

vector and εi is the error terms represented by the terms vi and 

Ui. The term Vi is for the random variations in production due 

to observation and data measurement errors and the term Ui is 

a random non-negative variable that is associated with the 

measures of technical inefficiency relative to the stochastic 

frontier.  

Technical efficiency is measured as the ratio of the observed 

output Qi to the corresponding frontier output Qi
∗ that 

represents by the following equation. 

TEi  = 
Yi

Yi
∗  =  

exp (Xi β + Vi −Ui)

exp (Xi β + Vi)
  =  ex𝑝 −Ui  

where, 0 ≤ TE ≤ 1.  

In the second part, the stochastic frontier estimation involves 

the estimation of the function that relates to the inefficiency 

measurement obtained in the first stage with a set of 

explanatory variables corresponding to farm and farmer-

specific characteristics. The inefficiency function is;  

Ui = wi + δiZi  

Where Zi represents a vector of socio-economic factors and 

other determinants of technical inefficiency and δi is is 

corresponding to a parameters vector and wi is the error term.  

The empirical model estimated either the Cobb-Douglas 

production function [14] or the Translog Production Function 

(TLPF). The TLPF formulation assumed the existence of a 

non-linear relationship between the output and the inputs. The 

widely used Cobb-Douglas production function was employed 

for this study due to the efficient management of 

multicollinearity, heteroscedasticity, and autocorrelation 

problems. The specification of the model for the assessment 

of the TE was made based on the following equation.  

ln 𝑄 =
 𝛽0+ 𝛽1ln𝑋1+ 𝛽2ln𝑋2+ 𝛽3ln𝑋3+𝛽4ln𝑋4+  𝛽5ln𝑋5 + 

 𝛽6ln𝑋6 + (Vi −Ui) 

Where Q = Value of Production (LKR) 

𝑋1= Net swan area (acre) 

𝑋2= Number of milking cattle reared (number) 

𝑋3= Amount of organic fertilizer used (kg) 

𝑋4= Amount of chemical fertilizer used (kg) 

𝑋5= Hired labor (number of hired labor) 

𝑋6= Family labor (number of family members) 

𝑋7= Amount of feeds given for cattle (kg) 

𝑋8= Amount of minerals given for cattle (kg) 

The inefficiency model was estimated based on eight 

variables thatspecified in the following equation.  

Qi  = δ0 + δ1Z1 + δ2Z2 …………… +   δnZn + ei  
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Where δi is the coefficient of the explanatory variables; (Zi) 

represents the socio-economic characteristics of respondents 

which affect inefficiency in paddy-cattle integration farming 

systems, and ei  is the random error. The variables (Zi) 

included in the inefficiency model are shown in table 2. 

Estimates of the parameters for the stochastic frontier analysis 

were obtained from the computer program, FRONTIER 

version 4.1 software.  

Further, a correlation coefficient was used to explain the 

relationship between level of sustainability and technical 

efficiency level of individual farmers in paddy-cattle 

integrated farming systems in Anuradhapura district.  

 

Table II: Variables Used in Technical Inefficiency Model 

Variable Description Measurement 

Age (Z1) Number of years 

Gender (Z2) Male = 0, Female = 1 

Household size (Z3) Number of family members 

Farming experience (Z4) Number of years 

Education level (Z5) 
Number of years attended for 

formal education 

Access to credits (Z6) Yes = 1, No = 0 

Frequency of meeting with 

extension officers (Z7) 
Number of meetings 

Off-farm income (Z8) LKR per month 
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III. RESULTS AND DISCUSSION 

A. Socio-economic Characteristics of the Respondents  

According to the results, of all respondents 83% were males 

and 17% of respondents were females. Male respondents were 

higher than female respondents. It was specific to the 

respective three sampling divisions. Further results revealed 

that many of the respondent farmers (49%) belonged to the 

51-75 age category followed by the 26-50 (46%) age 

category. The mean age of the respondents was 49 years. 

Most of the families (46%) consisted of 4 family members on 

average. According to the results many of the farmers (46%) 

of the total population attended secondary education (Grade 6-

11) and but all respondents were not faced G.C.E (O/L). They 

had abilities in problem-solving, reading, writing skills. 

Twenty-eight percent were attended primary education and 

they had reading writing and mathematical skills. Nearly, 24% 

of farmers were participated in formal education up to the 

ordinary level (G.C.E O/L). Consequently, 80% of the total 

population engaged in paddy farming as their main income 

source. Only, 12% were raring cattle as their main income 

source. Further, respondent farmers were engaged in non-

agricultural labor (5%) and government sector (3%) as their 

primary occupation. Agricultural occupations played a major 

role in the economy in these areas. Cattle management was 

the prominent(89%) secondary occupation. Dairy farming is 

the daily income source and many respondents willing to 

improve their herd size.  Eleven percent (11%) of the total 

population used paddy farming as their secondary income 

source. Further, 92% of the respondents cultivated their paddy 

lands while 6% cultivated tenant paddy lands and only 2% 

cultivated mortgage lands respectively. respondents were 

cultivated 2 acres of paddy land on average. Paddy was the 

main crop and 37% of the total population cultivated 2.5ac 

paddy land. Twenty-three percent (23%) of the total 

population cultivated 1ac paddy lands and nine percent (9%) 

of the total population cultivated 3ac paddy lands. All these 

lands were cultivated from irrigated water. Farmers practiced 

crop rotation considering the availability of irrigated water. 

Stubble is used as a feeding area for cattle. Further, most of 

the farmers (86%) did not maintain separate pasture lands 

because the land is a limiting factor. Cut and feeding, feeding 

in forest lands, and grazing in tank beds are the main methods 

that farmers used in the feeding process.  

Table III: Paddy and Milk Production 

Production Average Minimum Maximum 
Standard 
Deviation 

Paddy production 

(kg/ac) 
1328 718 2770 355 

Milk production 
(Liters/Month) 

392 60 750 170.9 

 

Table 3 displayed the production statistics of the paddy cattle 

integration farming system. The average paddy production per 

season is 1328kg and paddy production ranges between 718kg 

to 2,770kg respectively. Similarly, the average milk 

production per month is 392 liters and it ranges from 60 liters 

to 750 liters.   

Table IV: Income from Paddy and Milk Production 

Source of 
Income 

Average Minimum Maximum 
Standard 
Deviation 

Paddy 

production 

(LKR/ac/Season) 

43,922.00 19,560.00 105,260.00 13,914.00 

Milk production 

(LKR/month) 
27,433.00 4,200.00 52,500.00 11,966.00 

 

Selected respondents for this study have earned their 

agricultural income by selling paddy and raw milk as main 

produce. The mean seasonal income from paddy (per acre) is 

LKR.43,922.00, and seasonal paddy income ranges within 

LKR.19,560.00– LKR.105,260.00 in paddy-cattle integration 

farming systems. Furthermore, the average monthly income 

from milk is LKR. 27,433.00 and it varies from LKR.4,200.00 

to LKR.52,500.00 respectively. These results revealed that the 

integration of paddy with cattle ensured continuous income 

flows to these households. According to [15], the technology 

introduction of the integration of cattle and rice can increase 

farmers' income. This integration increased the income of IDR 

34,488,800 that higher than traditional technology 

monoculture farming of IDR 22,903,200.The integration of 

paddy and cattle could increase farmers' income, had a 

positive impact on regional development. This could be seen 

from the increase in rice production and the increase in the use 

of labor in the family [16]. Moreover, the paddy-cattle 

integration served as a food security measure acting as an 

alternative source of income against the disastrous effect of 

bad weather conditions during rainy seasons [17]. 

Table V: Cost of Paddy and Milk Production 

Costs  Average Minimum Maximum Standard 

Deviation 

Paddy 

production 

(LKR/ac/Season) 

29,542.00 10,300.00 75,780.00 7,228.00 

Milk production 
(LKR/month) 

4,484.00 2,000.00 9,000.00 1,778.00 

 

The mean seasonal cost of production for paddy (per acre) is 

LKR.29,542.00, and the seasonal cost of paddy production 

ranged within LKR.10,300.00 – LKR.78,780.00 in paddy-

cattle integration farming systems. Furthermore, the average 

monthly cost of milk production was LKR. 4,484.00 and it 

varied from LKR. 2,000.00 to LKR. 9,000.00 respectively. 

B. Sustainable Livelihood Security Index (SLSI) 

The sustainability of a particular region is affected by many 

factors including economic, environmental, and social 

indicators. Analyzing the degree of sustainability with the 

application of a composite indicator called the sustainable 

livelihood security index (SLSI) is imperative. The SLSI is an 

index that encompasses multiple dimensions of ecological, 

economic, and social components of a region. The sustainable 

livelihood security index is an effective tool for the evaluation 
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of sustainability as it is simple, informative, and easily 

understandable. It is beneficial for developing policies and 

plans for the enhancement of livelihood security of the local 

farmers with new income-generating strategies and 

enhancement of knowledge. It provides a one-dimensional 

metric to evaluate location-specific information on multi-

dimensions of sustainable development such as economic, 

environmental, and social conditions[12]. The index is helpful 

to reorient development programs and prioritize development 

investments in highly vulnerable areas.  

Table VI1: Results of Economic, Social and Environmental Indicators in 
terms of Factor Loading/Eigenvalues in Principal Component Analysis 

Rotation sums of squared 

loadings 
PC1 PC2 PC3 

Eigenvalues 2.793 1.849 1.488 

% of variation 25.388 16.809 13.529 

Cumulative % 25.388 42.196 55.725 

Land productivity 0.472 -0.743 0.126 

Milk productivity 0.070 -0.155 0.611 

Cost-Benefit ratio -0.707 -0.133 0.436 

Net swan area 0.180 0.818 -0.017 

Education level 0.655 -0.120 0.434 

Income from paddy and milk -0.075 0.496 -0.107 

Women participation in paddy 
and milk farming activities 

-0.012 -0.055 0.539 

Distance to the agrarian service 

center 
0.105 0.185 0.496 

Usage of organic fertilizer 0.949 -0.023 0.043 

Usage of chemical fertilizer -0.823 0.031 -0.191 

Level of adaptation for 
sustainable agricultural practices 

0.094 0.536 0.364 

Extraction Method: Principal Component Analysis.  Rotation 

Method: Varimax with Kaiser Normalization 

 

The eigenvalues, percentage of variation, and cumulative 

percentage were presented in table 32.  According to the 

eigenvalue (Figure 2), three PCs (PC1, PC2, and PC3) were 

identified which were accounted for the variability of 25.38%, 

16.80%, and 13.52% respectively. Moreover, cumulative 

variance through PC3 was 55.72%. Computation of SLSI 

using linear weighted scoring revealed that 68% of the 

respondents were vulnerable, 14% of the respondents were 

moderately sustainable and 11% of respondents were 

sustainable respectively.   

 

Figure 2: Scree plot of principal component analysis in the calculation of 

SLSI 

[12] found out that the indicators such as forest cover, net 

sown area, milk availability, groundwater availability, land 

productivity, food grain availability, rural road connectivity, 

villages electrifier, and land degradation were important 

indicators affecting the SLSI. [18] investigated the 

sustainability of agricultural systems in coastal Bangladesh by 

developing comprehensive indicators. Further, this study 

recommended developing appropriate policies for improving 

the agricultural sustainability of the particular regions. 

Similarly, decentralized planning and policies can be drafted 

for the west coast region of India for improving the less 

sustainable regions or districts based on the composite index 

(SLSI). [19] worked on the agricultural sustainability of 

cropping systems and highlighted critical environmental 

issues, which will be helpful for the people to improve 

management in cropping systems. 

C. Relationship between Technical Efficiency and Level of 

Sustainability in Paddy-Cattle Integrated Farming 

System 

The results revealed that the mean efficiency of the sample of 

paddy-cattle integrated farmers was 0.83 (83%) indicating the 

need for substantial scope in improving the efficiency of 

farmers in paddy-cattle integrated farming systems in the 

Anuradhapura district. The TE values were ranged between 

0.23 (23%) and 0.97 (97%). The maximum likelihood 

estimates of the Stochastic Frontier Production function were 

presented in table 7. According to table 7, among eight 

variables two variables were statistically significant at 5% and 

two were significant at 1% significant level. 

Table VII:  Maximum-likelihood Estimates of the Parameters of the 
Stochastic Frontier Production Model 

Variable Coefficient t-ratio 

Intercept (β 0) 9.93*** 18.33 

Net swan area (β 1) -0.08** -2.06 

Number of milking cattle reared (β 

2) 
0.40*** 10.91 
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Amount of organic fertilizer used 

(β 3) 
0.54*** 13.77 

Amount of chemical fertilizer used 

(β 4) 
-0.03 -0.93 

Hired labor (β 5) -0.01 -0.60 

Family labor (β 6) 0.008** 2.28 

Amount of feeds given for cattle (β 

7) 
-0.08 -1.23 

Amount of minerals given for cattle 

(β 8) 
0.06 1.04 

**Significant at 5%, ***Significant at 1% 

The net swan area elasticity was negatively significant 

(P<0.05). Hence, if the net swan area increased by one 

percent it could decrease the value of production by 0.08 

percentage. This implied that farmers in these farming 

systems are efficient in managing reduced cultivated areas 

integrated with cattle. Therefore, the net swan area has 

remained an important factor of production in improving the 

efficiency of small-scale paddy-cattle integrated farming 

systems. This finding is controversial with the findings of 

[20],[21],[22]. Similarly, family labor was also found to be 

significant at 5% significance level, strongly suggesting that 

the use of family labor in place of hired labor is improving the 

efficiency of these particular farming systems. The number of 

milking cows reared and the amount of organic fertilizer used 

for paddy cultivation was also found to be positive and 

significant at 1% significance level. The output elasticity of 

the input variable number of milking cows reared was 0.40 

(Table 7) which implied that 1% increase in the number of 

milking cattle reared could increase the value of production by 

0.40%. Moreover, a one percent increase in organic fertilizer 

usage for paddy cultivation could increase the value of output 

by 0.54 percent. Amount chemical fertilizer usage, hired 

labor, amount of feeds given for cattle, and amount of mineral 

given for cattle were not statistically significant. 

Table VIII 2:  Maximum-likelihood Estimates of the Parameters of the 

Inefficiency Model 

Variable Coefficient t-ratio 

Intercept (δ0) 10.09*** 17.53 

Age (δ1) 0.74* 1.68 

Gender (δ2) -1.22** -2.05 

Household size (δ3) 3.21* 1.78 

Farming experience (δ4) -1.25* -1.71 

Education level (δ5) -0.65* -1.93 

Access to credits (δ6) -0.72* -1.90 

Frequency of meeting with 

extension officers (δ7) 
-0.21 -0.48 

Off-farm income (δ8) -0.66* -1.79 

*Significant at 10%, **Significant at 5%, ***Significant at 1% 

Table 8 presented the coefficients of the inefficiency model, 

which explains the level of technical inefficiency among the 

paddy-cattle integrated farmers. It was considered that the 

signs of the coefficient in the inefficiency model were 

interpreted in the opposite direction and therefore, a negative 

sign indicated that the variable increased efficiency and the 

positive sign indicated that the efficiency decreased[23]. The 

coefficient of age variable was positive and statistically 

significant at 10% confidence level. It implied that young-age 

farmers are more efficient compared to old-age farmers. The 

theoretical basis of this is that young people are more 

energetic, active, and able to make well-thought decisions, as 

a result, their efficiency increases [24]. However, such an 

increasing trend cannot persist throughout their life, and 

beyond a certain age, all the physical and mental strength start 

turning down, and a declining trend in efficiency will follow 

[25]. 

The estimated gender coefficient was positive and significant 

at 10% confidence level. This result revealed that male 

farmers are more efficient than female farmers. Further, the 

variable household size was hypothesized positively with 

efficiency. The results revealed that the household size 

coefficient was negatively significant in the inefficiency 

model at 10% significance level.The other demographic 

variable hypothesized to positively affect efficiency was the 

experience of the farmer in paddy-cattle integration farming 

systems in the Anuradhapura district. The coefficient of the 

farming experience variable was negatively significant (P> 

0.1) in the inefficiency model. Conceptually, the technical and 

managerial skill of the decision-maker increases with the 

length of experience [26]. Similarly, the education level of the 

sample farmers was hypothesized to be positively associated 

with efficiency. Similar to experience, education is 

conceptualized to increase efficiency by improving the 

technical and managerial skills and knowledge of the farmer 

in properly utilizing inputs [27]. In this study, education level 

was found to be negative in the inefficiency model and it 

revealed that when to increase the education level of farmers 

increase the efficiency in farming systems.  

The coefficient value for the variable access to credit was -

0.72, indicating that farmers who use microfinance were 0.72 

times more efficient in paddy-cattle farming compared to non-

microfinance users. The results of this study were consistent 

with [28], [29], [30]. Furthermore, having more off-farm 

income was found to be negatively significant (at 10% 

significance level) in the inefficiency model. This is despite 

that having off-farm income through different off-farm 

activities is supported to cover the operational costs of 

farming activities when farmers are experiencing difficulties 

in farming [26]. 

According to the Pearson correlation analysis, the technical 

efficiency was positively correlated with the Sustainable 

Livelihood Security Index (r=0.32) in paddy-cattle integrated 

farming systems in the Anuradhapura district. [2] also found 

out a significant positive correlation between technical 

efficiency and sustainable efficiency in Dutch sugar beet 

growers.  
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IV. CONCLUSION 

This study attempted to assess the relationship between 

agricultural sustainability and technical efficiency of the 

paddy-cattle integration farming system in Anuradhapura 

district, Sri Lanka. Most of the respondents in this farming 

system are male, educated up to ordinary level, and belong to 

the middle age category. Paddy farming is the primary 

occupation while cattle management has been implemented as 

the secondary occupation among the farmers in this farming 

system. Farmers are earning from both paddy farming and 

cattle rearing but they have a considerable income from cow 

milk production that is utilized for the daily food requirement 

of the households. SLSI values explain that still 68% of the 

respondents are not reached the level of sustainability while 

14% of the respondents are on borderline.  Only 11% of 

respondents have been identified as sustainable farmers within 

the system. The average technical efficiency was 83%, 

implying that paddy-cattle integrated farmers have the 

potential to increase productivity by 17%. Net swan area, 

number of milking cattle reared, amount of organic fertilizer 

used, and family labor are significantly affecting the technical 

efficiency. Among the socio-economic explanatory variables, 

age, gender, household size, farming experience, education 

level, access to credit, and off-farm income are significantly 

influencing the efficiency. Furthermore, technical efficiency is 

positively correlated with SLSI. Thus, policymakers should 

consider the improvements in technical efficiency while 

considering the socio-economic variables which are affecting 

the technical efficiency of these farming systems. 
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