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Abstract 

 

Technological innovation resulting from Research and Development (R&D) 

investments plays a key role in productivity growth in agricultural-based developing 

economies. Innovations and technologies discovered at research units diffuse to users in 

a systematic manner and the success of this process is confirmed when target 

beneficiaries adopt the technology for its intended use. To realize the expected 

productivity growth generated from technological innovations, it is important to 

understand efficiency gains and adoption patterns of technologies. The main objective 

of this thesis is to analyse gains in production and efficiency due to technologies and 

their adoption in a farming context focusing mainly on technology-specific and user-

specific aspects using Sri Lankan rice production data.  

 

This thesis involves several empirical techniques and the findings are multi-faceted, 

centred on the main subject of technology adoption. Firstly, the thesis evaluated how 

effective rice technologies are in improving technical efficiency using Stochastic 

Frontier Analysis (SFA). The factors affecting any form of inefficiency on an 

agricultural farm were identified employing a simple regression. The results advise 

production units to carefully select appropriate technologies that can be highly 

influential in the realisation of technical efficiency in rice production. The mean 

technical efficiency in the study of 72% suggests that there is potential for efficiency 

improvement of 28%, from the current level. As sources of in/efficiency, labour 

composition, type of technology, and the region of production had substantial impacts 

on technical efficiency. 

 

Secondly, the impact of climate variation on the production and technical efficiency of 

rice was evaluated with a panel data regression, followed by a Monte Carlo simulation. 

The findings imply that modest increases in temperature and variation in rainfall have 

had only small effects on output while the increases in temperature beyond 2
0
C are 

likely to have strong negative effects on rice production.  

 

Thirdly, the study explores the impact of the public agricultural extension service as one 

of the determinants of adoption using probit models with an instrumental variable 

approach. The study identifies that public agricultural extension services can increase 

the probability of rice technology adoption in Sri Lanka. Therefore, institutional 
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strengthening via efficient extension programs will expedite lags in the technology 

diffusion process.  

 

Lastly, the perceptions of end users, the farmers, were evaluated to identify what 

farmers principally value from the total technology product, using simple indices. 

Results highlight the usefulness of addressing farmer choice in selecting a rice variety 

for promotion which is a crucial point in the technology diffusion process.  

 

This thesis suggests several policy measures to pave way for sustainable technology 

adoption in Sri Lanka. The study essentially recommends public sector investments in 

the country’s agricultural sector to enable agricultural growth via efficiency 

improvement while conforming to the farmer expectations.  
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CHAPTER 1 - INTRODUCTION 

 

1.1 Background and introduction 

 

The recent economic growth literature has envisaged that growth is accompanied by 

research and development investment in technological innovations (Acemoglu, 2008; 

Aghion & Howitt, 1992; Gollin et al., 2002). These types of technological innovation 

are considered fundamental in achieving economic growth, especially in developing 

countries where most of the world’s poor live (Griffith et al., 2004). In these countries, 

the majority of the population lives in rural areas and is engaged in the agricultural 

sector. The agricultural sector is a major component of the Gross Domestic Product 

(GDP) of these countries, and with increasing population, technological innovations are 

particularly important for this sector (Fan et al., 2008) 

 

The discovery and adoption of agricultural technologies are important factors enhancing 

technical efficiency that results in more effective resource use (Eklund, 1983; Sunding 

& Zilberman, 2001; Thornton, 1973). Essentially, the technological revolution known as 

the Green Revolution, relies on the invention and use of new high yielding varieties or 

grain and has resulted in technically efficient grain production (Farmer, 1977; Kalirajan, 

1984). Evenson and Gollin (2003) showed that considerable yield potential remained in 

Green Revolution crop varieties. Thus, Green revolution has paved a way not only in 

biological transformation, also in chemical, institutional and most importantly in 

technical transformations (Farmer, 1977; Feder & O'Mara, 1981; Gollin et al., 2005; 

Hayami & Kikuchi, 2000; Larson et al., 2004; Munshi, 2004). Thereafter, various 

technologies have been adopted for major agricultural crops leading to increased 

technical efficiency of farms. The existing literature has seen great discussion on the 

role of technical efficiency. Technical efficiency assessments have received 

considerable attention in developing regions, and the findings have been instrumental in 

the agricultural sector growth (Abdulai & Huffman, 2000). In South Asian region, the 

Green Revolution has essentially contributed to economic development in which 

countries, agriculture is the main realm of development (Alauddin & Tisdell, 1991; 

Hossain, 1988).  

 

Farrell’s (1957) seminal paper led to many applications of technical efficiency measures 

to evaluate the performance of farm households. There is a large volume of literature on 
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this subject where efficiency analysis is commonly used in agricultural farm 

productivity (Battese, 1992; Bravo-Ureta & Evenson, 1994; Bravo-Ureta et al., 2007; 

Gorton & Davidova, 2004; Helfand & Levine, 2004; Liu & Zhuang, 2000). Many of 

these studies showed that the adoption of technology could potentially improve 

agricultural productivity and efficiency particularly in developing countries. Rice 

farming is a primary source of income and staple food in many developing countries. 

Subsequently, technical efficiency in rice production been analysed to various degrees 

in these countries (Battese & Coelli, 1992; Coelli et al., 2002; Coelli, 1995; Dhungana 

et al., 2004; Khai & Yabe, 2011; Rahman, 2003; Villano & Fleming, 2004; Xu & 

Jeffrey, 1998). These studies have highlighted the importance of technical efficiency in 

assessing performance of technological innovation.  

 

The performance of a technology, and the resulting technical efficiency, is partially 

determined by the environment in which the technology is adopted. Variations in 

climate can lead to efficiency loss in technologies that are mostly used in agricultural 

production. Environmental impacts, such as rainfall and temperature, can have direct 

impacts on the output and the productivity growth. For instance, Hughes et al. (2011) 

found that deterioration in average climate conditions contributed significantly to the 

decline in estimated productivity after controlling for climate variability. This area of 

research that explains the impacts of climatic variation on technical efficiency is an 

evolving concern in climate change and requires much more research effort.   

 

It has also been noted in the literature that innovations and technologies discovered in 

the R&D process must be adopted effectively by the target beneficiaries to achieve 

expected efficiency gains. Scholars aligned with this perspective have provided detailed 

discussions around the technology adoption behaviour of beneficiaries. For example, 

studies by Laxmi and Mishra (2007), Mendola (2007), Saha and Chattopadhyay (2006), 

Sheikh et al. (2003), and Villano et al. (2015), explain the technology adoption 

behaviour of farmers. The few studies exploring technology adoption as a key research 

focus mainly addressed cost effectiveness of the technologies and the resulting 

productivity improvement aspects. Little technology adoption research extends to 

analyses of the diverse aspects of farmer perspectives, resulting technical efficiency, 

and technologies in relation to climatic variation. As such, this is a notable research gap.  
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It is evident from the literature, that agricultural technology adoption has two different 

facets. First are the technology-specific parameters that involve assessment of the 

technologies currently in operation and their level of performance in terms of technical 

efficiency. Second are the user-specific factors that influence the adoption decision at 

the farmer level. This thesis attempts to cover these two aspects by considering what 

factors could affect technical efficiency and what measures define the adoption of a 

technology in an agricultural setting.  

 

Essentially, the thesis identified key gaps in the existing literature in relation to 

technical efficiency and technology adoption. Firstly, in terms of technical efficiency, 

many studies have focused on a simple input-output framework to investigate 

productivity improvement gains from a technology. Furthermore, they have investigated 

technologies as a complete package of technologies and seldom focused on a single 

technology. In terms of rice technologies, empirical evaluation of technical efficiency at 

the rice varietal level has not been found in the recent literature. This study will 

therefore provide new insights for rice scientists to better market their innovations.    

 

The existing literature has seldom been split into environmental impacts on technologies 

and resulting productivity effects in technology adoption. Many studies have 

investigated the impact of climatic variability on productivity and the effectiveness of 

adaptation strategies on technical efficiency (Ainsworth, 2008; Amin et al., 2015; Chao 

et al., 2014; Felkner et al., 2009). The literature provides evidence of climatic impact on 

crop production in terms of growth models, which often need calibration to fit into a 

different setting. This study uses a different approach to examine short-term variation of 

climatic parameters and their impact on productivity and efficiency. The thesis analyses 

technology adoption at a highly disaggregated level encompassing various dimensions 

of a typical research problem, including a discussion on socio-cultural, technical and 

environmental perspectives.  

 

Secondly, in relation to technology adoption at the farmer level, many studies have 

fundamentally focused on evaluating cost-effectiveness and returns on investment from 

adopting a technology (Bessen, 2002; Chukwuone et al., 2006; Lahiri & Ratnasiri, 

2013). In terms of rice technologies, previous studies have primarily recognized a 

combination of allied management practices in rice farming as technologies (e.g. soil 

conservation practices) (Jara-Rojas et al., 2012; Kiome & Stocking, 1995; Norris & 
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Batie, 1987; Zegeye et al., 2010). This thesis, however, recognises very specific and 

recent rice technologies that have been introduced to the farming community which 

involve many aspects of growing conditions. Moreover, the technology adoption 

literature barely explores both institutional involvement and farmer preferences as a 

complex measure of successful adoption. Thus, this thesis investigates the factors that 

are important in the adoption of technologies as well as the farmer assessments that 

influence the adoption decision. To this end, this thesis contributes to the existing 

literature with new insights derived from empirical evidence.      

 

1.2 Objectives and research questions 

 

The overall objective of this thesis is to analyse technology adoption in a farming 

context focusing on technology-specific and user-specific parameters in a developing 

country scenario using Sri Lanka as a case study. The central research question that this 

thesis seeks to address is how the rice sector in Sri Lanka has benefited from rice 

technologies in diverse production regions. Accordingly, this study has developed the 

following research questions to explore the main research interest, rice technology 

adoption. Initially, the focus is on understanding technology-specific attributes and 

impacts of the environment on these technologies in an agricultural setting. Thereafter, 

the thesis investigates user-specific aspects of rice technologies in Sri Lanka. To this 

end, the research questions explored in this thesis are: 

 

R.Q.1.  What is the current situation of rice technology development in Sri 

Lanka? 

R.Q.2.  How have technologies affected the rice productivity and technical 

efficiency of rice production in Sri Lanka? 

R.Q.3.  How does climate variation affect productivity and technical efficiency 

of rice production? 

R.Q.4.  What factors determine the adoption of rice technologies? 

R.Q.5.  How do farmers perceive novel technologies in making their technology 

adoption decision? 

 

This study will investigate the research questions using data from the Sri Lankan rice 

production system. Sri Lanka was chosen for several reasons. Firstly, rice farming is the 

main coping strategy of the rural population and rice serves as the staple food for the 
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nation. Rice has been deeply rooted in the social system of the people in the country. 

Secondly, the agricultural sector’s economic importance to the Sri Lankan economy is 

appealing. The agricultural sector in Sri Lanka is characterised by the rice-based 

farming system with the rice sector being a major contributor to the country’s 

productivity growth. The rice sector contributes 1.2% to national GDP and 12% percent 

to agricultural GDP while 7.5% of the country’s population is employed in the rice 

sector (CBSL, 2014). Thirdly, the state’s involvement as a mediator in the entire rice 

value chain is significant. The agricultural sector, in which rice is the leading crop sub 

sector, received the highest allocation from the total gross R&D expenditure in 2010 

(approximately 33% of the total fund) (National Science Foundation, 2010). Fourthly, a 

wealth of data relating to rice production, cultivated extents, and varietal distribution 

collected over an extended period are available in Sri Lanka. This extensive data will 

help expedite data collection. Finally, all the research questions are extremely appealing 

and relevant to Sri Lanka and will have important policy implications for future 

economic growth in Sri Lanka and for the Southern Asian region.  

 

1.3 Structure of the thesis 

 

This thesis is comprised of seven chapters. Several techniques have been adopted in 

addressing each research question and hence the chapter organisation is based on the 

specific research question. The relevant literature review and techniques used are 

presented in each chapter. A chapter outline of this thesis is described below. 

 

Chapter One introduces the objectives and the background information of the study. The 

specific research questions addressed by the thesis are outlined in this section. The 

chapter also discusses the gaps in the literature relating to this line of research and the 

contribution of the current study to the technology adoption field.  

 

Chapter Two summarizes the current situation of rice production and the rice research 

network in Sri Lanka. This chapter also provides a summary of the literature on the 

evolution of rice varieties in the country and a preliminary assessment of rice variety 

distribution in Sri Lanka. This chapter addresses Research Question One (R.Q.1) of the 

thesis. 
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Chapter Three seeks to identify the relationship between rice technologies and 

production efficiency in rice farming using a stochastic frontier approach. The study 

estimated the technical efficiency of different rice varieties/variety groups in diverse 

rice producing regions and then identified sources of inefficiency at the farm level. The 

chapter derives important policy implications for current research issues in Sri Lanka. 

This chapter addresses Research Question Two (R.Q.2) of the thesis.  

 

Chapter Four focuses on the effect of climatic variation on rice productivity and 

technical efficiency in rice production in Sri Lanka. The objective of this chapter is to 

estimate the loss of yield/technical efficiency due to climatic variation as rice 

production is highly vulnerable to changing climatic conditions. This chapter addresses 

Research Question Three (R.Q.3). 

 

Chapter Five outlines the adoption of different rice technologies considered in the study 

and emphasises the public agricultural extension service among the factors affecting 

adoption. The findings revealed that the public agricultural extension service is the most 

influential factor that intensifies the adoption probability of a technology. This chapter 

addresses Research Question Four (R.Q.4) of the thesis that deals with user-specific 

attributes of adoption. 

 

Chapter Six explores the perception of potential end users of rice technologies; the 

farmers, in addition to the socio-economic aspects discussed in Chapter Five. A simple 

index was developed to quantify the perception of farmers towards novel rice 

technologies. In the technology adoption literature, farmer perception is seldom 

considered and few studies have explored the farmers’ viewpoint before releasing and 

recommending a technology. This chapter addresses Research Question Five (R.Q.5).    

 

Chapter Seven encapsulates the various findings of the previous chapters. The purpose 

of this final chapter is to summarize the empirical results with an in-depth discussion on 

relevant policy implications. This final chapter also discusses the limitations of the 

research and future directions that can be explored based on the findings of this 

research.  

 

In summary, Chapter One has set out a research platform by providing a brief 

introduction to the thesis topic, providing the research questions and describing the 
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thesis organisation. In the next section, Chapter Two presents the background 

information of the study and a preliminary assessment of rice variety distribution in Sri 

Lanka. Finally, this thesis suggests several policy measures to pave way for sustainable 

technology adoption in Sri Lanka leading to agricultural sector growth.    
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CHAPTER 2 - PRESENT STATUS OF RICE RESEARCH AND 

DEVELOPMENT IN SRI LANKA 

 

2.1 Introduction 

 

Rice is one of the cereals that has been developed with the Green Revolution. Currently, 

there are said to be more than 40,000 varieties of cultivated rice globally (Tripathi et al., 

2011). These varieties produce different types of rice for the market with various quality 

attributes such as flavour, texture, aroma and colour. The cultivated varieties in the 

world are also regionally specified based on both the type of country and agro-climatic 

region. Sri Lanka, one of the major rice growing countries in which rice is a staple food 

of the population, has shown a significant achievement in producing and adopting many 

rice varieties suitable to the tropical agricultural climate.  

 

Commencing from the Green Revolution, rice technology generation and its subsequent 

adoption have paved the way for Sri Lanka to achieve self-sufficiency in rice production 

and to escape heavy import dependence (Hossain et al., 2006). Sri Lanka has achieved 

self-sufficiency in rice production due to the adoption of improved rice technologies and 

government support in the rice sector (Semasinghe, 2014). As such, rice farming has 

been identified as a major development strategy in uplifting the livelihood of rural 

households in Sri Lanka (SEPC, 2013). In 2014, rice production in Sri Lanka was 3.38 

million metric tons although this was a decline of 27% compared to 2013 due to adverse 

drought spells. The average yield was 4.2 metric tons per hectare and the per capita rice 

consumption reached 110 kg/year (CBSL, 2014).  

 

Rice has been the main coping strategy of rural households in Sri Lanka for many years. 

Of the 20.67 million people residing in the country, 28.5% of the labour force is 

employed in the agriculture sector. Rice is the main stay of 1.8 million farm families 

and subsistence farming is prevalent in rural households, which is inherited from 

peasant agriculture (Nugaliyadde et al., 1997; Weerahewa et al., 2010). In 2014, the 

contribution of rice to the Gross Domestic Product (GDP) of the country was 1.2% with 

the total agriculture sector contributing 10.1%. The demand for rice also increased with 

per capita rice consumption of 115 kg in 2014 compared to 92 kg in 1998 (CBSL, 

2014).  
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The main reason for the increasing importance of rice in Sri Lanka is the availability of 

rice technologies in the system. There are several technologies available for rice 

production in Sri Lanka. Rice varieties are the leading technology and approximately 

99% of the total rice area has been cultivated by recent rice types: New Improved 

Varieties (NIV) (Rice Research and Development Institute, 2013). The R&D initiatives 

by the Rice Research and Development Institute (RRDI) have prioritized the 

development of new rice varieties adaptable to varying agro-climatic conditions. The 

following section details the history of rice varietal development in the country.   

 

The rice sector is the focus of this chapter with rice varieties considered the main rice 

technology for evaluation. In this chapter, the next discussion presents a synopsis of 

contemporary literature on rice technology innovations and the rice research network in 

Sri Lanka. This is followed by a preliminary assessment of rice varietal distribution in 

the country.        

 

2.1.1 Evolution of rice varietal categories in Sri Lanka 

 

Since Independence in 1948, rice farming has been deeply rooted in the socio-cultural 

system of rural Sri Lanka. During the colonial era, the emergence of plantation 

agriculture and heavy reliance on imports for food decreased the importance of rice 

cultivation. In the post-colonial period, the Green Revolution has helped eliminate 

hunger in South Asia. The agricultural arm of Green Revolution confirmed a remarkable 

increase in farm production mainly due to technical transformations (Feder & O'Mara, 

1981; Gollin et al., 2005; Hayami & Kikuchi, 2000; Munshi, 2004). Subsequently, the 

availability of seeds of improved varieties with their associated technological packages 

has elevated the rice grain yield significantly (Farmer, 1977). In the post-colonial 

period, rice was grown only in the Maha season with the traditional varietal group, 

Oryza sativa var. (Heenati, Suduru Samba, Murungakayan, Hondarawalu). The average 

yield of these varieties was 1.5 t/ha. This varietal group (traditional varieties) is 

attributed with a long maturity period (6 months), non-response to chemical fertilizers 

and a soaring plant height of 1-2 meters that has a problem with lodging. An improved 

rice varietal group was introduced to the national system to overcome the disadvantages 

of these traditional varieties (Abeysiriwardena, 2004).  
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1950s-1960s 

 

The rice varietal improvement programme in Sri Lanka was mediated centrally after the 

establishment of the Central Rice Breeding Station at Batalagoda in 1952. Since then, 

an extensive hybridization program has been launched and, the first improved rice 

variety, H4 (4 ½ months) was released for farmer cultivation in 1958 (Abeysiriwardena, 

2004). The H4 varietal release was soon followed by the release of H7, H9 and H10, a 

seminal category referred to as Old Improved Varieties (OIV). OIV had moderate 

responses to chemical fertilizers and resistance to major biotic stresses. With the 

introduction of OIV, the single cropping pattern that prevailed at that time changed to a 

double cropping system resulting in a national average yield increase up to 2 t/ha in the 

1960s (Weeraratne & Senadhira, 1981). Consequently, by 1965, the improved rice 

varieties made up 40% of the total area under rice (Herdt & Capule, 1983). OIV, 

however, needed further improvement and the next step of rice breeding was to develop 

lodging resistant varieties.  

 

1970s-1980s 

 

In the early 1970s, the hybridization program was upgraded to incorporate lodging 

resistance using a dwarf germplasm in collaboration with the International Rice 

Research Institute (IRRI) based in the Philippines. The resulting varieties in the NIV 

category; Bg 3-5 (5-6 months), Bg 11-11 (4 ½ months), Bg 34-6 (3 ½ months) Bg 34-8 

(3 months) were fertilizer responsive and resistant to lodging. The average yield 

increased up to 2.8 t/ha in the mid 1970s with the introduction of three new varieties Bg 

90-2 (4-4 ½ months), Bg 94-1(3 ½ months) and Bg 94-2 (3 ½ months). Even though 

these new varieties were characterized with high yield potential, they lacked resistance 

to major insects and pests. Therefore, resistant varieties for brown plant hopper (Bg 

379-2) and gall midge (Bg 400-1, Bg 276-5) were released in the late 1970s. This 

reduced the intensive use of pesticides by farmers which had been in practice for an 

extended period.     

 

1980s onwards 

 

Since the 1980s, the national varietal improvement program has focused on developing 

varieties adaptable to unique climate and various soil ailments. At this stage, attention 
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was on problems like iron toxicity, salinity, acidity and submergence. Accordingly, 

varieties from regional stations; Ambalantota (At), Labuduwa (Ld), and Bombuwela 

(Bw) were recommended in addition to varietal release from the central research station 

at Batalagoda (Bg). These varieties were adaptable to varying ecological conditions. 

This has led to an increased national average yield of 4 t/ha with yield potential of 10 

t/ha under best-managed conditions. After the restructuring of RRDI in 1994, the 

varietal improvement program has gradually transformed to cater to the current 

interests/demands of farmers. In 2004, the rice breeding priorities changed 

systematically and varieties have been bred for problematic environments with biotic 

and abiotic stresses. Recent developments in the rice varietal improvement programme 

focus on rice grain quality enhancement as the productivity improvements have almost 

led to the realization of self-sufficiency. 

 

Since the inception of a rice breeding station in 1952, RRDI has released approximately 

76 rice varieties (Appendix I) owing to successful public sector research, and has 

identified several promising associated rice technologies. Rice technologies in Sri 

Lanka are being released to the farmers after recommendations from the technology 

release committee. The varietal release pattern has also changed with farmer 

acceptance. For instance, Table 2.1 depicts that approximately 45 of the released rice 

varieties are in the 3-3 ½ month age group as farmer preferences have changed to short-

aged varieties. The shift to short-aged varieties has been driven by a need to reduce 

water requirements since long-aged varieties cannot withstand water scarcity in dry 

spells. Therefore, the breeding interests have gradually been changed to breed ultra-

short age varieties such as Bg 250 (Weerakoon et al., 2011).  

 

Table 2.1: Number of varieties released in each age class 

Period Age group (months) 

  2 ½ 3 3 ½ 4 – 4 ½ 5 – 6 Total 

1951-1960 - - - 1 - 1 

1961-1970 - 2 1 2 1 6 

1971-1980 - 2 4 7 1 14 

1981-1990 1 5 4 4 3 17 

1991-2000 - 2 9 6 - 17 

2001-2010 1 3 6 4 - 14 

2011-2013 - 1 6 - - 7 

Total 2 15 30 24 5 76 

Source: Rice Research and Development Institute, 2013 
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Figure 2.1 illustrates the evolution of rice varietal categories in Sri Lanka. The 

traditional rice varieties are declining while the NIV are gaining momentum in 

adoption. The OIV are also declining with the introduction of NIV that are resistant to 

common pests and diseases. The recent trends of rice variety adoption show that the 

NIV category comprises 99% of the total rice area and that traditional and OIV varieties 

are only grown in 1% of the rice lands.  

 

 

 
Figure 2.1: Distribution of varietal categories in Sri Lanka 1950-2013 

Source: Rice Research and Development Institute, 2013 

 

 

2.1.2 Trends in rice variety distribution in Sri Lanka 

 

Sri Lanka has three major climatic zones, referred to as dry zone, intermediate zone and 

wet zone. The classification is based on the elevation, temperature and rainfall of each 

zone. The three zones are further subdivided into 24 agro-ecological zones with rice 

cultivated predominantly in nine agro-ecological zones (Chithranayana & 

Punyawardena, 2008; Panabokke, 1996). Rice is bi-annually grown in two seasons 

referred to as Maha (wet) and Yala (dry) which coincide with rain from North East and 

South West monsoons, respectively. The Maha season prevails from October to early 

March and the Yala season is from early April to early September. The Maha season is 

the main cropping season which contributes to 60% of the annual production as the 

rainfall during the Yala season is limited to only few areas of the country (Table 2.2). 

To overcome water scarcity during both cropping seasons, excess water is diverted 

mainly to the dry zone via irrigation channels. Rice production thus occurs mainly under 
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two water regimes, irrigated and rain-fed conditions. The area under irrigated conditions 

makes up 78% of the total area under paddy and is further classified as 52% major-

irrigated and 26% minor-irrigated. The rain-fed paddy area is 22% of the total area 

under paddy in 2013 (Table 2.2).   

 

Table 2.2: Rice production in different rice ecosystems in Sri Lanka – 2013 

Water  

Regime 
Sown Extent (million hectares) Average Yield (tons/hectares) 

2012/13 Maha 2013 Yala 2012/13 Maha 2013 Yala 

Dry zone 

    Major 0.29 0.24 4.69 5.02 

Minor 0.11 0.06 3.79 4.50 

Rainfed 0.11 0.00 3.39 3.24 

    

Intermediate zone 

   Major 0.04 0.03 5.17 4.67 

Minor 0.07 0.04 4.54 3.58 

Rainfed 0.06 0.02 4.16 3.04 

     

Wet zone 

    Major 0.01 0.01 3.97 3.97 

Minor 0.03 0.02 4.02 2.92 

Rainfed 0.05 0.02 3.37 2.68 

Sri Lanka 0.78 0.45 4.22 4.48 

Source: Department of Census and Statistics, 2014 

 

Rice production trends over 60 years in Sri Lanka depict that the increase in production 

is characterized by an increase in the average yield since the area under cultivation has 

been relatively stable (Figure 2.2). This phenomenon has been attributed to the 

achievement of self-sufficiency in rice which was realized due to technological 

advancement; mainly due to the introduction of NIV. As a result, the average yield has 

increased from 1.6 t/ha in 1950 to 4.3 t/ha in 2013 (DCS, 2014). Moreover, the area 

under cultivation has exceeded one million hectares as the Northern districts have 

supplemented 100,000 ha after the cessation of civil war since 2010. Sri Lanka reached 

a rice production level of 4.6 million tons by 2013, an eight-fold increase since the 

1950s.  
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Figure 2.2: Trends in extent, production and average yield of rice in Sri Lanka 1950-2013 

Source: Department of Census and Statistics, 2014 

 

Rice variety adoption follows a similar trend to varietal release since release and 

adoption are inter-related. Rice varieties belonging to the NIV category constitute a 

significant proportion of the total area under rice, compared to traditional and OIV 

categories (Table 2.3). As an example, the 3-3 ½ month age category itself covers 94% 

of the total rice area in the country.   

 

Table 2.3: Cultivated rice area with different age categories - 2013 

Varietal 

Category 

2013 Yala* 2012/13 Maha** Annual 

Extent 

(hectares) % 

Extent 

(hectares) % 

Extent 

(hectares) % 

2 ½ months 2,089 0.41 5,736 0.76 7,825 0.62 

3 months 137,796 27.26 174,934 23.11 312,730 24.77 

3 ½ months 349,523 69.16 520,267 68.73 869,790 68.90 

4-4 ½ months 11,992 2.37 41,449 5.48 53,441 4.23 

5-6 months 355 0.07 777 0.10 1,132 0.09 

OIV 1,895 0.37 567 0.07 2,462 0.20 

Traditional 1,763 0.35 13,215 1.75 14,978 1.19 

Total 505,413 100 756,944 100 1,262,357 100 

Source: Rice Research and Development Institute, 2013 

Note:*Yala from April to September, **Maha from October to March 

 

Each of the age groups consists of a pool of rice varieties that have unique attributes 

varying due to the genetic composition to regional specifications. Four mega varieties 

(Bg 352, Bg 300, Bg 358, At 362) covered approximately 60% of the rice area in 2013 

(Figure 2.3). Bg varieties have a wider adoption as they are recommended for general 

cultivation and have a better recorded yield. Varieties such as At, Ld and Bw have been 
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recommended for particular regions with special soil conditions and hence depict a 

lower adoption rate. Consequently, the rice varietal adoption in Sri Lanka has a unique 

pattern that is worth exploring to gain insights into future adoption trends.   

 

 

Figure 2.3: Distribution of popular rice varieties in Sri Lanka 2013 

Source: Rice Research and Development Institute, 2013 

 

Many studies have explored the adoption determinants of modern rice varieties and 

found that adoption behaviour is influenced far more by farmer characteristics and 

farmer perception than by environmental factors (Bera & Kelley, 1990; David & 

Otsuka, 1990; Hossain et al., 2006; Sall et al., 2000). For this reason, the adoption of 

modern varieties is changing with farmer demand.  

 

As discussed above, rice varieties and varietal development has been the primary 

technology in the rice sector in Sri Lanka since the Green Revolution. Other 

technologies have been emphasized at a later stage of technology development in Sri 

Lanka but there is limited spread of these associated technologies among the farming 

communities. For instance, organic fertilizer use was only 3.17% of the area under rice 

in 2013 (DCS, 2014). The following section presents a summary of associated rice 

technologies adopted by contemporary farmers in Sri Lanka.  

 

2.2 Associated rice technologies 

 

In addition to rice varietal improvement programmes in Sri Lanka, associated rice 

technologies have contributed to the current achievements. These associated 

technologies include farm mechanization; agronomic technologies, such as soil fertility 

management; irrigation/water management; plant protection technologies like pest, 
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disease and weed control; and post-harvest technologies. One such technological 

improvement can be seen in farm mechanization which is detailed in the section below.   

 

Farm mechanization 

 

Farm mechanization arguably stems from the Green Revolution and it is widely 

accepted that mechanization is an essential component in programmes which aim to 

increase agricultural production (Farmer, 1977; Feder & O'Mara, 1981; Raj, 1972). 

Until recently, agriculture has been the main pool of labour absorption in Sri Lanka and 

has therefore helped solve unemployment in the labour force (Jayasuriya & Shand, 

1986). The shift in labour from agriculture to off-farm activities has increased labour 

scarcity and led farm labour to become a costly input in farm budgets (Basnayake 

&Gunaratne, 2011; Farrington & Abeyratne, 1986). Rice cultivation is a very labour 

intensive activity which involves approximately 50% of the variable cost in rice 

production (SEPC, 2013). Therefore, farm mechanization was introduced to reduce the 

cost of rice cultivation, predominantly with respect to labour. 

 

The adoption of mechanical power for agricultural operations was questioned in Sri 

Lanka as animal power and farm labour were readily used in the past (Raj, 1972). The 

use of machinery in rice cultivation did, however, commence in Sri Lanka with the 

introduction of twin axle tractors in the 1950s. With the introduction of high yielding 

rice varieties, it was felt that land should be levelled thoroughly, because the new 

varieties could not compete with weeds which can easily emerge in unlevelled paddy 

fields. Moreover, popular high yielding varieties like H4 were hard to thresh. As it was 

inefficient to thresh by human foot the need for threshing machines was highlighted. 

The process of mechanization has been evidenced from the 1960s with the number of 

tractors estimated to have been over 17,000 (Farrington & Abeyratne, 1986). In the 

early 1970s, single axle tractors fitted with 7-horse power diesel engines and 14-blade 

rotovators were introduced for land preparation for farmers holding less than one 

hectare of paddy fields. These tractors were attractive options as they involved lower 

initial investment and high fuel economy (Thilakaratne, 2003). 

 

In the recent development trends of farm mechanization of rice, ploughing, harvesting, 

threshing, winnowing and post-harvest operations have been completely mechanized in 

the country (Pathinayake et al., 1991). In land preparation, rotovators were replaced by 
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disc ploughs as rotovators were not efficient enough to break the hard pan of the paddy 

soils. Disc ploughs are mounted either on two-wheel or four-wheel tractors depending 

on the size of the paddock. In the 1990s, tractor mounted threshers referred to as 

“Agrimate” were widely used but later, in the mid-2000s, threshers referred to as 

“Tsunami” were more commonly used for threshing paddies. With the introduction of 

combine harvesters in the late 1990s (locally referred to as “Bhutaya”), harvesting was 

totally mechanized replacing costly and scarce farm labour, particularly in the Northern, 

North Central and Eastern provinces of the country.   

 

In rice cultivation, the decision to replace farm labour with agricultural machinery is 

based on the argument that most of the operations are labour intensive. Farm 

mechanization has notably increased in rice cultivation compared to vegetable and other 

field crops, most prominently in land preparation, harvesting and processing. With the 

exception of a few implements like water pumps, sprayers and seeders, the majority of 

farm machinery is imported and often needs considerable capital investment which is 

unsupportable for many farmers. After the open economic policies in 1977, successive 

governments have waved custom duties for farm machinery imports to Sri Lanka to 

reduce the burden on local producers. This is also justified because regularizing farm 

machinery availability in the country is a state priority in the R&D programme in farm 

implements. There have, however, been claims made by local farmers about the quality 

of current machinery. As such, state R&D institutes regulate this sector with the 

formulation of the Farm Machinery Act. Therefore, farm mechanization in rice 

cultivation has been very vigorous with impressive public sector involvement in 

mediating machinery imports.   

 

Fertilizer management technologies 

 

Fertilizer management technologies have also been prominent in rice production since 

they provide the main food for crop growth. Soil fertility management has been another 

key area of rice research, with the Sri Lanka government spending over US$270 million 

for chemical fertilizer imports in 2012. The introduction of the revised fertilizer subsidy 

scheme in 2005 increased rice productivity from 1.2 t/ha in 1950 to 4.5 t/ha by 2012 

(Semasinghe, 2014). The country is heavily dependent on chemical fertilizers for rice 

cultivation, as the NIV are highly fertilizer response (Ekanayake, 2009; Thibbotuwawa 

& Mugera, 2014). Urea, Triple Supper Phosphate (TSP) and Muriate of Potash (MOP) 
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are the three most important chemical fertilizers applied to rice crops. Early 

recommendations in fertilizer management technologies highlighted that blanket 

recommendations were preferable with a one-time fertilizer application. Recently, 

researchers have highlighted that split applications are efficient and site-specific 

fertilizer recommendations are in practice for different soil problems existing in 

different ecological zones. The Leaf Colour Chart (LCC) was introduced to increase 

fertilizer use efficiency of nitrogen fertilizer to enable farmers to reduce the bulk 

application of nitrogen fertilizer (Silva et al., 1998). In addition, granular urea has been 

introduced with slow nitrogen release throughout the crop growth to reduce nitrogen 

loss. Frequent use of chemical fertilizer has, however, damaged soil fertility levels. 

Therefore, technologies relating to Integrated Plant Nutrient System (IPNS), which have 

favourable environmental outcomes, have been recommended by soil scientists. Organic 

fertilizer is promoted by the Department of Agriculture (DOA), as an alternative to 

chemical fertilizer, can increase the biological properties of soil structure in rice fields. 

Organic fertilizer use, however, is practical only with small scale cultivators due to the 

lack of sufficient organic material production in the country for large scale operators. 

Nano-fertilizer technology is a recent innovation in nutrient management of rice crops 

and is still being researched. The possibility of including concentrated nano-particles in 

hard materials is being tested at research fields to reduce bulk handling of inorganic 

fertilizers (Sirisena et al., 2013).   

 

Currently, inorganic fertilizer has been subsidized by the Sri Lanka Government and 

more than 95% of the fertilizer cost is borne by the government (Weerahewa et al., 

2010). Private sector dealers sell fertilizer in retail markets at a higher rate and farmers 

usually have to rely on these traders as timely availability of subsidized fertilizer is 

often not guaranteed.  

 

Plant protection technologies 

 

Plant protection is an essential research area in rice which is inclusive of technical 

measures related to pest, disease and weed management. Rice varieties are screened 

before release and new traits that are resistant to pest and diseases are identified. Weed 

infestation is a considerable threat in rice cultivation as, at times, 100% yield damage 

occurs with severe weed infestation (Pathinayake et al., 1991). Chemical control is the 

most widely used practice by Sri Lankan farmers as it is a low cost and highly effective 
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as a control measure. In general, agrochemicals (pesticides, insecticides, fungicides and 

weedicides) are not subsidized for the crop sectors and government regulatory acts 

mediate importation (Ekanayake, 2009). Those acts have targeted minimal use of 

agrochemicals as protective measures to reduce the potential environmental hazards 

they often cause. A new technology in pest control, Integrated Pest Management (IPM), 

was introduced in the late 1990s, and uses both chemical and indigenous control 

mechanisms in combination to avoid adverse effects on rice ecology (Nugaliyadde et 

al., 1997). 

 

2.3 Institutional set-up of rice research and development 

 

In Sri Lanka, the apex agency mediating agricultural research and development is the 

Sri Lanka Council for Agriculture Research and Policy (SLCARP). This is a state 

agency reporting to the Ministry of Agriculture whose responsibility is to facilitate 

agricultural research in the country. RRDI, attached to the DOA, is the central entity 

responsible for rice research and development activities in Sri Lanka. Different line 

agencies, including SLCARP, under the purview of the Ministry of Agriculture, such as 

the Provincial Department of Agriculture (PDA), Institute of Post-Harvest Technologies 

(IPHT), and the Farm Machinery Research Centre (FMRC) collaborate on rice research 

with RRDI. In addition, state universities, private non-profit research organizations, 

such as the Institute of Policy Studies (IPS), Centre for Poverty Analysis (CEPA) and 

private sector business entities frequently undertake rice research in the country. In Sri 

Lanka, the state institutions belonging to Ministry of Agriculture, like FMRC and IPHT, 

are mainly engaged in R&D related to farm machinery. In contrast, the private sector is 

mainly involved in marketing aspects to promote their different machinery and 

consequently, severe competition exists particularly in the farm machinery market.  

 

Rice Research and Development Institute (RRDI) 

 

RRDI is the state-owned entity responsible for the generation and primary 

dissemination of rice production technologies. RRDI was established with the vision of 

achieving excellence in agriculture for national prosperity. Its mission is “to achieve an 

equitable and sustainable agriculture development ensuring food and nutritional security 

through development and dissemination of improved appropriate environmentally 

friendly agricultural technology, and provide related services” (Rice Research and 
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Development Institute, 2013). RRDI continues to undertake R&D activities in relation 

to varietal improvement of rice breeding which is its main research stream. This 

includes quality improvement of rice seed either by conventional breeding or cross 

breeding. In addition, RRDI has recently explored improving agronomic characters in 

plant architecture with genetic engineering to improve the adaptability of rice varieties. 

Soil fertility management and plant protection (pest, disease, and weed management) 

studies are important at later stages of the varietal improvement programme.  

 

Figure 2.4 illustrates the rice research network under the management of RRDI. The 

main research and administration unit of RRDI is located at Batalagoda which is in the 

Kurunegala administrative district of the low country intermediate zone of Sri Lanka. 

The mandate of RRDI is to develop suitable rice varieties for dry and intermediate 

zones in the country. In addition, the entire rice research network is centrally mediated 

by RRDI and it is the focal point for public-sector rice research. In addition to the 

central research institute at RRDI, several satellite research centres are regionally 

located throughout the country to cater to diverse agro-ecological rice growing 

conditions in Sri Lanka.  

 

The Regional Rice Research and Development Centre (RRRDC) at Bombuwela and its 

sub-satellite Rice Research Stations (RRS) at Labuduwa and Bentota are housed in the 

low country wet zone to address the needs of the region. The mandate of Bombuwela 

station is to develop high yielding red and white rice varieties which are particularly 

tolerant to iron toxicity. The Labuduwa research station develops varieties with red 

pericarp that are in high demand in the Southern region of the country. The station at 

Bentota is mandatory to develop rice varieties for flood prone and saline areas. The 

main objective of the station located at Ambalantota is to develop red and long slender 

rice varieties that are salt-tolerant. The key role of sub-stations established at 

Samanthurei, Murunkan and Paranthan is to identify suitable rice varieties for the 

Eastern and Northern regions in the country. The varieties replicated at these stations 

are high yielding and meant especially for commercial cultivation (Rice Research and 

Development Institute, 2013). 
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Figure 2.4: Rice research network under the purview of Rice Research and Development Institute 

(RRDI) 

Source: Rice Research and Development Institute, 2013 

 

Drawing from the discussion above it is important to explore the current situation in rice 

varieties of the country as it is equipped with an enhanced research network. The 

information below holds value for breeders as it reiterates the breeding objectives which 

allow these individuals to then meet the needs of the growers. This information also 

enables marketers to alter their marketing channels and strategies to meet the needs of 

the segmented consumer markets. Moreover, this information is useful for the Sri Lanka 

government to prioritize their development strategies in the agricultural sector. As 

varietal improvement is the priority in the rice sector within agriculture, the review 

below explores current levels of rice variety distribution in the country.  

 

This preliminary assessment of available information is expected to provide insights 

into the adoption of rice varieties in Sri Lanka, emphasizing spatial distribution and 

regional specialization of various rice varieties. The presence of a large number of 

unpopular varieties indicates that they can only be adopted in some of the agro-

ecological conditions, leading to possible concentration within some regions. When 
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exploring the inter-temporal cultivation patterns of the new varieties, some varieties 

were found to have not been cultivated regularly. More specifically, some varieties have 

been abandoned by farmers. The failure of these varieties to stabilize over time can be 

due to several reasons varying from market to ecological factors. The section 2.4 

presents the preliminary assessment of rice varietal distribution in Sri Lanka.   

 

2.4 Varietal diversity and specialization of rice varieties in Sri Lanka 

 

Studies employ different approaches to assess diversity, specialization, and stability of 

crop cultivation. The simplest is to use simple indices. Mahrouf (2005) estimated 

diversity in crop production in Sri Lanka using Simpson’s Diversity Index (SDI) which 

is often used in ecology.
1
Tress (1938) first used the Ogive index (OI) to measure 

industrial diversity. A few studies have used the Herfindahl Index (HI) and OI to 

identify varietal diversity (Kelly, 1981). A regional level HI is a measure of 

concentration of crop/varieties and compares varietal diversity across different locations 

(Nauenberg et al., 1997). These two indices can be used interchangeably. The 

Specialization Index (SI) has been used to identify regional specialization of varieties 

(Islam & Rahman, 2012; Palan, 2010). Alternatively, the Instability Index (InI) 

monitors the stability of the crop/varieties which can vary due to various socio-

economic and environmental conditions (Glezakos, 1973; Hossain et al., 2006). This 

thesis employs the indices stated above to review secondary data on the cultivated 

extent of different rice varieties from 1976 to 2012 for two cultivation seasons, Yala 

(dry season) and Maha (wet season) available at the RRDI of Sri Lanka. The 

specifications of the indices used are given in Appendix II.
2
 

 

The following section, (Figures 2.5, 2.6 and Tables 2.4, 2.5) presents a discussion on 

different indices with respect to identifying varietal diversity, specialization and 

stability. The diversity indices, HI and OI, indicate varietal diversity in an area. The SI 

explains the concentration of varieties which serve as production centre of rice varieties 

in a particular region. The InI postulates the stability of the respective variety over time. 

 

  

                                                           
1
This index is commonly used to calculate biodiversity in a location or an area (Hunter & Gaston, 1988; 

Nagendra, 2002; Van der Heijden et al., 1998) 
2
The author calculated the above indices using data from RRDI 
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Varietal diversity at national level 

 

The varietal diversity at the national level is captured in HI. Figure 2.5 presents HI for 

different cultivation seasons (Yala and Maha)and for the annual average. In general, rice 

varietal diversity has increased from 0.79 in 1979 to 0.90 in 2012. This indicates that, in 

2012, there was a 90% probability that a specific region would have at least two 

different varieties grown. Varietal diversity is low in the Yala season as most farmers 

only cultivate a few varieties to avoid crop losses due to dry spells prevalent in this 

season. In the Maha season, however, many varieties have been cultivated as the 

climatic conditions are more favourable for rice in this season. There was also a notable 

drop in varietal diversity towards the mid-1990s. This can be due to adverse 

environmental conditions, such as extended drought, that caused a significant reduction 

in the area cultivated.  

 
Figure 2.5: Herfindahl Index for Sri Lanka, 1976-2012 

Source: Author’s calculation 

 

The OI is used to check for robustness of varietal diversity. Figure 2.6 illustrates inverse 

OI values from 1976–2012. The two reveal similar trends. The OI values are closer to 

zero implying lower diversity in the varieties cultivated. A drop in OI is observed in the 

mid 1990s leading to lower diversity as observed previously in HI. This is again a result 

of reduction in cultivated area. After this time, however, the index value has become 

much closer to zero. This indicates that there is a huge diversity in the rice varieties 

cultivated in the country
3
. 

                                                           
3
 The HI and OI values for 1976-2012 are shown in Appendix III 
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Figure 2.6: Inverse Ogive Index for Sri Lanka, 1976-2012 

Source: Author’s calculation 

 

Varietal diversity at the district level 

 

The national HI  level values for each district from 2006-2012 are shown in Appendix 

IV. High index values are observed in Colombo, Nuwaraeliya, Matale and Ratnapura 

districts indicating that within these areas, many varieties are being cultivated. Farmers 

in these districts are predominantly small-scale subsistence cultivators and therefore, the 

rice production is often characterized by large diversity. Conversely Hambantota, 

Puttlam and Ampara districts have lower HI values compared to other districts. This 

indicates that varietal diversity within these districts is comparatively low. The farmers 

in these regions are mostly large-scale commercial growers who tend to specialize in a 

few varieties within a single season. 

 

Variety specialization in regions/districts 

 

Regional varietal concentration is reviewed using SI as shown in Appendix V. High 

index values are indicative of specialization of a particular variety. Appendix V reports 

SI for six widely cultivated rice varieties and for each variety, the SI for the five districts 

having the highest concentration are recorded. The variety Bg 300 is specialized in dry 

irrigated farming areas such as Puttlam, Kurunegala and Anuradhapura districts. In 

contrast, variety Bw 364 tends to be concentrated in wet rain-fed areas such as Matara 

and Kalutara districts. At 362 is concentrated in Hambanthota, Galle and Matara. Ld 

356 is concentrated in Galle, Colombo and Kalutara districts and the varieties At, Bw 

and Ld are widely adopted in the Southern coastal belt of the country. 
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Stability of rice varieties 

 

Historically, the most stable varietal age group cultivated in Sri Lanka is the 3 ½ month 

age group followed by the 3 month age group. The underlying reason for this is the 

relative yield gain in the 3 ½ month age group compared to the 3 month group. Stability 

indices in this review confirm that the 3 ½ month age group is the most stable category 

followed by the 3 month age class (Table 2.4).  

 

Table 2.4: Transformed instability index for different varietal categories 

Varietal category Transformed Instability Index (%) 

 Yala Maha Annual 

2 ½ months 36.9 62.3 46.7 

3 months 88.2 91.1 90.6 

3 ½ months 90.1 93.9 93.6 

4-4 ½ months 80.1 91.0 90.8 

5-6 months 10.8 56.0 52.7 

Traditional 54.6 71.4 75.1 

Source: Author’s calculation 

 

Stability at the varietal level is also assessed and shown in Table 2.5. These are 

presented in the order of stability indices for the ten most stable rice varieties. Bg 407, 

Bg 352 and Bg 94-1 are the three most stable varieties for the Yala season. Varieties 

such as Bg 352, Bg 94-1 and Bg 403 are the most stable varieties for the Maha season. 

Cultivation of the variety Bg 352 in the Maha season has the highest index value of 

93.29% and is the most stable cultivated variety in the whole country. This variety 

belongs to the 3 ½ month age group and exhibits high yield and wide farmer 

acceptance.   

 

In summary, the above assessment indicates that there is large varietal diversity within 

rice cultivation in Sri Lanka. The diversity is higher in the Maha season compared to the 

Yala season. This is notable as 60% of the annual rice volume is produced in the Maha 

season. In the dry season Yala, farmers tend to restrict cultivation to a few varieties that 

have short maturity and drought escaping ability. Furthermore, there is a remarkable 

regional concentration of certain rice varieties signifying cultivation of fewer varieties, 

particularly in major rice-producing districts. In contrast, the highest diversity is 

observed in districts with many small-scale cultivators producing at subsistence level. In 

general, farmers in major producing districts cultivate rice for commercial purposes. 

Conceivably, to increase the scale economies, commercial farmers tend to restrict 
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cultivation to a few varieties while subsistence farmers adopt a wide range of varieties 

based on their taste and preferences.   

 

Table 2.5: Transformed Instability Index for selected rice varieties 

Yala Maha Annual 

Variety Index Variety Index Variety Index 

Bg 407 87.28 Bg 352 93.29 Bg 94-1 89.99 

Bg 352 87.20 Bg 94-1 89.45 Bg 352 89.98 

Bg 94-1 82.03 Bg 403 88.56 Bg 403 82.33 

Bg 358 79.93 At  362 84.85 Bg 358 82.18 

Bw 272-6b 76.92 Bg 357 83.20 Bg 357 81.85 

Bg 403 76.48 Bg 350 83.13 Bw 267-3 80.50 

Bg 350 74.94 Bw 267-3 80.59 Bg 359 77.15 

Bg 745 73.69 H 4 80.34 Bg 3-5 77.11 

Bg 38 72.42 Bg 359 78.54 Bg 350 75.88 

Bw 267-3 71.75 At 353 78.43 Bw 272-6b 75.71 

Source: Author’s calculation 

 

There are a few relevant policy outcomes derived from this assessment. Firstly, the most 

stable varieties belong to the 3 and 3 ½ month age groups. This implies that intense 

focus can be placed on these age groups in varietal improvement programs as well as 

farmer education programs. The outcomes will also inform policy makers/breeders by 

enabling more appropriate choices regarding either i) improving regionally concentrated 

rice varieties to ensure continuous and stable market supply or ii) improving the other 

varieties that enhance livelihoods of rural subsistence farming. Identifying the right 

balance between the two alternatives requires further inclusive economic assessments 

with agronomic and environmental attributes of varietal improvement.   

 

With this background to the present status of rice research in Sri Lanka, the chapter 

three analyses one of the aspects discussed in this preliminary assessment, i.e. how rice 

varieties have contributed to improve the technical efficiency of rice production in Sri 

Lanka.   
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CHAPTER 3 – TECHNOLOGY ADOPTION AND TECHNICAL EFFICIENCY 

OF RICE PRODUCTION IN SRI LANKA 

 

3.1 Introduction 

 

The previous chapter discussed the current status of rice technologies in Sri Lanka and 

the existing research network in the rice technology dissemination process. The chapter 

also presented a preliminary assessment of the rice variety distribution in Sri Lanka as 

rice varieties are the main technology of study interest. Chapter Three discusses rice 

varieties and their technical efficiency gains under farmer-managed conditions using 

farm level production data. The initial section of this chapter presents a detailed 

discussion on the theoretical background of technical efficiency and its real word 

application in different sectors. In this study, the emphasis is on how rice technologies 

and their technical efficiency measures affect total rice production in Sri Lanka.  

 

A technology, in a broader understanding, is recognized as “a technique, method or 

system for transforming inputs into outputs” (O’Donnell, 2016). Various technologies 

have been invented over time, for example, the early invention of machineries for 

agriculture was the beginning of a paradigm (Binswanger, 1984). Until the 1950s, 

mechanization played only a minor role in agricultural production. Thereafter, various 

technologies, including machinery, have evolved in production systems harnessing 

technological advances. Differences among producers in their ability to adopt new 

technology often account for perceived differences in production reflecting different 

levels of efficiency (Hayami & Ruttan, 1970).   

 

Technical efficiency is defined in various dimensions and is most commonly described 

as “the ratio of mean production to the corresponding mean production if the firm 

utilizes its inputs most efficiently” (Battese & Coelli, 1992). In an agricultural context, 

technical efficiency can be expressed as the simple relationship between the farm input 

and the final produce. This input conversion is fundamentally determined by the 

technologies/methods that are used in the production process. 

 

There are various technologies adopted in agricultural production all over the world, 

which can affect the total farm output differently. The productivity of the farm can be 

increased either by adoption of improved technologies or by improving efficiency 
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(Idiong, 2007). The operational scale of the farm often decides which technologies to 

use and in what extent of the farm production. Management practices at the large scale 

production level results in farm mechanization replacing many of the conventional farm 

practices (Aktan, 1957; Cornia, 1985). In developing countries, agricultural production 

is common yet occurs at a small scale under farmer managed conditions (Crossley & 

Kilgour, 1983). In these economies, farm production is characterized by simple 

technologies managed by individual farmers. How new technologies are adopted in 

practice and to what extent these technologies are socially valuable in ensuring food 

security of nations are major concerns of the contemporary technology adoption 

literature (Besley & Case, 1993).  

 

Food crop production has been the key focus of food security and poverty alleviation. In 

many developing countries, including Sri Lanka, the increase of food crop production, 

mainly the rice production, has been the foundation in formulating agricultural policies. 

The Green Revolution produced new seed/crop varieties that are essentially targeted for 

efficient food production (Farmer, 1977; Kalirajan, 1984). Adoption of the new crop 

varieties has led to increased production of major agricultural crops and efficiency is 

now the target of the production process. For this reason the efficiency of production 

agriculture has been a key research question in many studies. 

 

Therefore, the focus of this chapter is to explore the potential relationship between rice 

technologies and the level of technical efficiency in different rice production regions. 

To analyse this relationship, rice varietal group (age group) was designated to represent 

technology. The chapter also investigated sources of inefficiency to explain the exact 

relationship between rice technologies and technical efficiency. Before these 

relationships can be analysed, we need a basic understanding of the underpinning 

technology and technical efficiency theory. Hence the theoretical foundation for the 

analysis is outlined below.  

 

Theoretical background  

 

Productive efficiency analysis has been discussed in many studies and the pioneering 

work by Farrell (1957) highlighting that the input-output relationship of an industry 

should be included in any consideration of efficiency analysis. Farrell proposed that the 

overall efficiency of a firm is composed of two components; technical efficiency and 
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allocative efficiency. Technical efficiency refers to the firm’s ability to obtain maximum 

output from a given set of inputs while allocative efficiency reflects the firm’s ability to 

use inputs in optimal proportions, given the respective input prices (Coelli, 1995; 

Farrell, 1957). This input-output relationship has been graphically explained using three 

approaches: i) input space (cost-based), ii) output space (revenue-based), and iii) input-

output space (profit-based). Farrell (1957) illustrated the efficiency at input space/cost-

based using two inputs (x1 and x2) and a single output (y) space at constant returns to 

scale.  

 

Figure 3.1 illustrates the basic idea of technical efficiency, allocative efficiency and 

economic efficiency at an input space. The isoquant of the fully efficient firm is 

represented by SS′, which explains the different combinations of the two input sets that 

produce the same output under a given condition. If the firm uses quantities of inputs, 

defined at the point P to produce a unit of output, the technical efficiency of the firm is 

defined as the ratio OQ/OP. This ratio is the proportional reduction of all inputs that 

could be theoretically achieved without any reduction in output (Coelli, 1995). Point Q 

is technically efficient because it lies on the efficient isoquant. 

 

 

 

 

 

 

 

Figure 3.1: Technical efficiency, allocative efficiency and economic efficiency in input space 

Source: Adopted from Coelli (1995) 

 

If the input price ratio is AA′ as represented in Figure 3.1, the allocative efficiency of a 

firm operating at point P is given by OR/OQ. The gap RQ explains the possible 

reduction cost, if production were to occur at the allocatively and technically efficient 

point Q′. Therefore, the total economic efficiency is given by the product of technical 

and allocative efficiency, (OQ/OP)(OR/OQ) = (OR/OP) and all three parameters are 

between zero and one (Coelli, 1995). 
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In the second approach, the concept of technical efficiency has been revenue oriented 

and evaluated in the output space of the production. Figure 3.2 illustrates the technical 

efficiency dimension with two outputs, y1 and y2, at a given input level. The production 

possibility frontier of a fully efficient firm is represented by PP′, which explains the 

different combinations of the two output sets using the same level of input under a given 

condition. If a firm chooses to produce output mix at point A when the inputs are 

predetermined, the geometric intuition of the technical efficiency is given as the ratio of 

OA/OB. The potential output mix at point B represents the most efficient state without a 

reduction of any input. Thus, the gap from A to B graphically represents technical 

inefficiency.  

 

 

 

 

 

 

Figure 3.2: Technical efficiency in output space 

Source: Adopted from Battese (1992) 

 

For the third approach, a more general illustration of technical efficiency estimation in 

input-output space is given in Figure 3.3. The horizontal axis represents a vector of 

inputs X, in producing output Y in the vertical axis, given a specific technology. The 

observed output at point A is y, while at the efficient point B, the output is y* with a 

given input combination of x. Hence a measure of technical efficiency, which is 

conditional on the level of the inputs used, is given by y/y*. This distance is the 

potential for improvement in technical efficiency of the given technology (Battese, 

1992).   

 

 

 

 

 

 

 

Figure 3.3: Technical efficiency of firms in input-output space 

Source: Adopted from Battese (1992) 
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The efficiency analysis methods at input-output space have been explained analytically 

by Aigner and Chu (1968) who introduced the estimation of parametric frontier 

production function. In this approach, estimation of production frontier involves 

parametrising unknown vectors that are related to inefficiency. They specified the 

Cobb-Douglas production function in logarithmic form for N firms as follows.  

 

iiji uxFy  );()ln(    i = 1, 2,…, N     (3.1) 

 

Where iy is the output of the i
th

 firm; ix is the vector of inputs used by the i
th

 firm;  is a 

vector of unknown parameters to be estimated by Maximum Likelihood and iu is the 

non-negative variable representing inefficiency. The ui is assumed to have an 

exponential or half-normal distribution, where exp(-ui) will produce the inefficiency 

estimates (Schmidt, 1976). Technical efficiency is explained as the ratio of observed 

output of the i
th

 firm relative to the maximum feasible output of the i
th

 firm estimated by 

the frontier (Coelli, 1995; Kumbhakar & Lovell, 2003).    

 

)exp());(exp(/ iii uxFyTE         (3.2) 

 

Criticisms of the frontier estimation have been the negligence of measurement error and 

that statistical noise was not considered. Aigner et al. (1977) and Meeusen and Van Den 

Broeck (1977) corrected this by adding the symmetric error term iv  which has a 

symmetric distribution where the statistical noise is accounted for. The stochastic 

production frontier equation is as follows.  

 

iiii uvxFy  );()ln(         (3.3) 

 

 

According to Thiam et al. (2001), frontier models can be classified into two different 

categories, parametric and non-parametric. Parametric estimations rely on specific 

functional forms while non-parametric estimations do not assume any functional form. 

Parametric frontiers can be deterministic or stochastic. The deterministic model is based 

on the assumption that the deviation from the frontier is purely due to inefficiency. The 

basic problem of the deterministic approach is that the measurement error or any other 

stochastic variation is embedded in the one-sided inefficiency term. Stochastic models 

specify both the random error and inefficiency term separately and allow for statistical 
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noise. Hence the stochastic frontier production function model consists of a two-sided 

symmetric compound error and a one-sided inefficiency term. The main criticism of 

stochastic frontier models is the lack of a priori justification of the distributional form of 

the one-sided inefficiency term (Afriat, 1972; Coelli, 1995; Thiam et al., 2001). 

 

Currently there is a large volume of literature on this subject where efficiency analysis 

is commonly used in agricultural farm productivity (Battese, 1992; Bravo-Ureta & 

Evenson, 1994; Bravo-Ureta et al., 2007; Gorton & Davidova, 2004; Helfand & Levine, 

2004; Liu & Zhuang, 2000). Coelli et al. (2005) explain four basic methods in 

efficiency analysis; i) Least-squares econometric production models, ii) Total Factor 

Productivity (TFP) indices, iii) Data Envelopment Analysis (DEA), and iv) Stochastic 

Frontier Analysis (SFA). The first two methods assume all firms are technically 

efficient and are often applied to time-series data. Hence the methods can capture 

technical change in a time span. The latter two methods do not assume that the firms are 

technically efficient and produce relative efficiency between firms at a given point of 

time.   

 

Both DEA and SFA have been used to estimate firm efficiency with different 

specifications (Kumbhakar & Lovell, 2003). The DEA involves defining efficiency 

terms using non-parametric linear programming methods. This helps the decision units 

to identify the maximum output that can be achieved with any possible combination of 

inputs. Charnes et al. (1978) proposed an input orientation with constant return to scale 

(CRS) which was a widely applied model. The CRS assumption is valid only if all the 

firms operate at an optimal scale. Later, Afriat (1972), Banker et al. (1984), and Färe et 

al. (1983) proposed a model with variable returns to scale (VRS) that can be used when 

firms do not operate at an optimal scale. The DEA can estimate the position and shape 

of the production frontier without its model specification. SFA is a parametric technique 

and an alternative for the estimation of production frontiers that assumes a functional 

form for the relationship between inputs and outputs (Coelli et al., 2005). 

 

Previous studies 

 

Technical efficiency estimations have been applied in a range of disciplines. The 

leading applications are found in the services sector. Studies by Atilgan (2016), Chern 

and Wan (2000), Jacobs (2001), Kalhor et al. (2016), Li and Rosenman (2001), 
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Lindlbauer et al. (2016), and Rosko and Mutter (2011) have explored efficiency in 

hospital sector to maximize service delivery. Technical efficiency studies have also 

been discussed in the airport sector, which has been targeted to increase the level of firm 

efficiency to deliver reasonable customer service (Barros & Dieke, 2007; Martín et al., 

2009; Oum et al., 2008; Pels et al., 2003; Scotti et al., 2012). Efficiency analyses are 

also often discussed in the electricity/power sector (Farsi et al., 2006; Hattori, 2002; 

Hiebert, 2002). The applications in the education sector are also noteworthy 

(Chakraborty et al., 2001; Izadi et al., 2002; Stevens, 2005; Worthington, 2001). Most 

of the efficiency applications in the entire services sector are targeted for efficient 

service delivery to increase customer satisfaction. Stochastic frontier estimation is also 

widely adopted in the agricultural sector to discuss efficiency in farm production. 

 

Frontier production function applications in agriculture 

 

Comprehensive surveys on parametric frontier applications to agricultural industries 

have been compiled by Battese (1992), and Bravo-Ureta and Pinheiro (1993), 

highlighting developing country applications of frontier methods. The agricultural 

sector has become a frequent and intensive user of technologies and it employs 

efficiency estimations to allocate scarce resources optimally. Therefore, technical 

efficiency related applications in the agricultural sector have picked-up momentum. 

Within agriculture, the livestock sector has employed efficiency estimations on different 

occasions, such as to compare animal productivity, estimate economic returns, and  

make management decisions in farming (Abdulai & Tietje, 2007; Latruffe et al., 2004; 

Lawson et al., 2004; Sharma & Leung, 2000; Theodoridis & Psychoudakis, 2008).  

 

In the crop sub sector, efficiency has been the focus for productivity improvement of 

particular crops e.g. cereals (wheat, maize, rice), oil crops, vegetables, and fruits  

(Ahmad et al., 2002; Ajewole & Folayan, 2008; Amaza & Olayemi, 2002; Coelli et al., 

2003; Fleming & Coelli, 2004; Hughes et al., 2011; Liu & Myers, 2009; Neumann et 

al., 2010). For that reason, efficiency estimation in the crop sub sector has been 

extensively discussed in many of the above studies.  

 

Many studies have investigated productive efficiencies of rice farming as rice culture is 

the main livelihood for many people in developing countries (Battese & Coelli, 1992; 

Coelli et al., 2002; Coelli, 1995; Dhungana et al., 2004; Khai & Yabe, 2011; Rahman, 
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2003; Villano & Fleming, 2004; Xu & Jeffrey, 1998). Mendes et al. (2012) discussed 

the application of stochastic frontier models in agriculture as agricultural productivity is 

often based on the input-output combinations with decision support. The outcome of 

these analyses informs decision making units to optimize their production levels and 

advises the level of technical efficiency. Other studies (Dilling-Hansen et al., 2003; 

Griffith et al., 2004; Griliches, 1998) have investigated the effect of R&D investment on 

firm productivity. They recommended R&D investment as a suitable strategy for 

efficiency gains in production.   

 

Efficiency estimates in Sri Lanka  

 

In view of efficiency gains in agriculture, Sri Lanka has made a lot of effort to improve 

efficiency in agricultural farms integrating efficient technologies. In Sri Lanka, 

technical efficiency has been estimated for different crops and varying farming 

conditions (Basnayake & Gunaratne, 2011; Deraniyagala, 2001; Ekanayake & 

Jayasuriya, 1987; Ekayanake, 1987; Illukpitiya, 2005; Lindara et al., 2006; Mohottala-

Gedara et al., 2012). The results of these studies, however, cannot be compared because 

the efficiency of a firm is measured relative to the efficiency of the best performing firm 

in that particular industry (Deraniyagala, 2001). Therefore, the findings of these studies 

only detail observations relevant to specific scenarios.    

 

Basnayake and Gunaratne (2011) analysed productive efficiency of tea cultivation in Sri 

Lanka and found that mean technical efficiency of the tea small holdings was 64.6%. 

They highlighted that the age of farmers, education, occupation, type of crop and clone 

had significant effects on productive efficiency. Moreover, they argued that technical 

efficiency estimations were highly dependent on the functional form used in the 

analysis.  

 

Deraniyagala (2001) investigated the effect of technology accumulation on technical 

efficiency in both the clothing and agricultural machinery industry. Their results 

highlighted that two aspects of technology accumulation; i) incremental technical 

change and ii) technological capability acquisition, were capable of increasing 

efficiency.   
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Moreover, Ekayanake (1987) analysed the technical and allocative efficiency of rice 

growing farmers under different irrigation modes. A notable efficiency difference was 

observed in the “head-end” and “tail-end” farmers in the main irrigation channel. The 

study found farmer-specific characteristics, such as farming experience, literacy, level 

of involvement and age of the farmer were important determinants of farm efficiency.  

 

In addition to principal food crops, Lindara et al. (2006) estimated average technical 

efficiency of the spice-based agroforestry system in Sri Lanka to be 84.32% using a 

Cobb–Douglas production function. The study emphasized that the efficiency of spice 

production could be substantially increased with farmer experience, frequent farm visits 

by extension officers, farmer training, cultivation in less-sloppy lands and cultivation in 

diverse agroforestry systems. 

 

From a different perspective, Illukpitiya (2005) assessed the efficiency of farming by 

rural households in villages peripheral to natural forests in Sri Lanka. The mean 

technical efficiency in agricultural farming in the forest peripheries ranged between 67–

73%. Furthermore, the results revealed that age, education, experience, training, and the 

nutrition status of the head of the household were the determining factors of technical 

efficiency. The study identified that improving technical efficiency of farming in forest 

peripheries is an integral part of forest conservation policy in Sri Lanka. 

 

Few studies have explored the technical efficiency of rice farming in Sri Lanka. 

Mohottala-Gedara et al.(2012) have estimated technical efficiency using stochastic 

Translog functions for irrigated rice farmers in village irrigation systems of Sri Lanka. 

The mean technical efficiency of rice farmers was 72%. The results of this study 

highlighted that membership in farmer organizations and participatory rate in collective 

actions were the most significant factors influencing the technical efficiency of these 

rice farmers.   

 

Even though there has been research on technical efficiency of rice production, 

technical efficiency at the level of a varietal group has not been considered in previous 

studies. Hence, the objective of this study is to estimate technical efficiency of different 

rice varietal groups and to compare efficiency levels of popular rice varietal groups in 

different production regions. There are two steps involved in this analysis: i) estimating 

efficiency of rice farms using SFA and ii) exploring potential sources of inefficiency 
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using a simple OLS model. This study considers rice variety as a single technology and 

explores the effect of rice variety on the technical efficiency of rice farms. The rice 

varieties have been grouped into age classes according to the RRDI classification and 

the same groupings were used in this study. The inefficiency model also includes 

“family to hired labour ratio” as a control variable for inefficiency as the labour 

component is the most costly input in rice production in terms of factor prices.  

 

3.2 Methodology 

 

This section describes the specifications of the two empirical models used in the study. 

Firstly, a stochastic production frontier model was estimated to obtain technical 

efficiency scores. Secondly, a simple OLS was estimated to explore sources of 

inefficiency. Data used for the stochastic frontier analysis are as follows.   

 

Data 

 

The analysis used panel data on cost of cultivation surveys conducted in 2006-2013 by 

the Department of Agriculture (DOA), Sri Lanka. The panel consists of 16 cropping 

seasons with two cropping seasons per year, Yala (dry season) and Maha (wet season). 

Rice farms in 10 regions, each region having 30-50 rice farms, were considered to 

represent dry and wet zone cultivation in the country. The producing region was 

represented by a dummy and the Kalutara district was used as the base case for 

comparison. Rice production in a single season was selected as the dependent variable. 

Quantity of seeds, amount of fertilizer (Urea, TSP, and MOP), area cultivated, labour 

input, rental cost of machinery, and cost of weedicides were the independent variables 

considered as they are the major inputs in rice production.
4
  

 

Empirical estimation of stochastic frontier model 

 

Rice production is approximated using a single-output multiple-input space. A simple 

representation of the stochastic production frontier model can be rewritten as, 

 

iiji TExfy ).;(          (3.4) 

                                                           
4
 Water is also a main input in rice production. However, it was not accounted for as it is issued free of 

charge for rice production in Sri Lanka 
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Where iy is the rice production of the i
th

 farmer, and ijX is the vector of inputs used by 

the producer, where j = 1…., N inputs, k = 1…, M regions. The technical inefficiency 

term is given byexp( iu ) and iv  is the noise. The regression coefficients 0 …., j

were estimated using maximum likelihood. The dependent variable )ln( iy  is the natural 

logarithms of rice yield and ijxln denotes the natural logarithms of the inputs used in 

rice production which are summarized in Table 3.1. The specification of );( ijxf  takes 

a Translog functional form and thus the generic form of the stochastic production 

frontier is given as below (Aigner et al., 1977; Coelli et al., 2005; Kumbhakar & Lovell, 

2003).  
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In Equation 3.5, the error term is composed of two components ( ii uv  ) and the 

following distributional assumptions were made. Where iv  is the two-sided “noise” 

component of the error term, assumed to be iid 
2,0( vN  ) and distributed independent of 

iu . While  is iid 
2,0( uN 
), i.e. a non-negative stochastic variable with half-normal 

distribution, referred to as technical inefficiency effect. During the estimation, 


N

j

iu
1

is 

minimized subject to the constraint that Njui ,..,2,1,0  . If takes the value zero, 

there is no technical inefficiency in production and the firm produces its maximum 

potential output. When takes a value less than zero, the firm is technically inefficient 

in production as it produces less than its maximum possible output. Hence, defines 

the “efficiency gap”, i.e. how far the firm’s output deviates from its potential output. 

Table 3.1 below presents the variables of the stochastic frontier model and their 

summary statistics.   

 
  

iu

iu

iu

iu
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Table 3.1: Descriptive statistics of the variables 

Variable Unit Average Standard deviation 

Production  kg/season 4,018.31 4,290.09 

Seed  kg/season 107.85 127.92 

Fertilizer  kg/season 322.51 298.03 

Area ha/season 0.80 0.64 

Labour man days/season 64.54 343.95 

Machinery rental cost LKR*/season 18,265.76 18,845.23 

Weedicide cost LKR*/season 3,715.08 4,266.73 

Note:*LKR- Sri Lankan Rupees, N = 6,279 

 

 

This study used STATA version 13.1 to derive technical efficiency estimates 

(Kumbhakar et al., 2015). The starting values for the frontier model were fitted using 

the initial OLS estimates of the Translog production function.   

 

Estimation of inefficiency model 

 

The firm-specific technical efficiency is calculated using Equation 3.6. Sources of 

technical efficiency were identified for each production unit following an OLS 

regression as follows.  

 

  FHRREGVTYGPTE 3210      (3.6) 

 

Where TE, the dependent variable, is the firm-level technical efficiency derived in the 

above section and all the independent variables are represented by dummy variables; 

is the intercept and  are respective regression coefficients;   is the error term. The 

independent variables identified as sources of inefficiency are discussed below.  

 

Variety group 

 

The variety group was used as a proxy to represent the technology component that is 

assumed to have a potential impact on the level of technical efficiency. Rice variety is 

identified as the technology in this analysis and is represented by VTYGP which is the 

age group of a rice variety. Rice varieties were grouped according to age class as 3 

month, 3 ½ month, 4-4 ½ month and 5-6 month following the classification by RRDI, 

Sri Lanka. The 5-6 month age class was used as the base case and the impact of 

different rice varietal groups on technical efficiency was compared with this group.  
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Production region 

 

It is assumed that regional differences lead to variation in technical efficiency as the 

production environments vary across regions. Rice production in Sri Lanka currently 

occurs in nine agro-ecological regions, consisting of diverse environments. Therefore, 

rice production region was considered a source of inefficiency. Ten production regions 

denoted by a dummy REG were included as a potential source of inefficiency. The 

regions include major rice producing regions representing wet and dry zones of Sri 

Lanka that operate under rain-fed and irrigated conditions, respectively. The irrigated 

regions are expected to be more efficient than the rain-fed regions. The Kalutara region 

is considered the least efficient region and is under rain-fed conditions. Kalutara was 

therefore selected as the base-case scenario for regional comparisons.  

 

Family to hired labour ratio  

 

Labour composition, as an input in rice production in Sri Lanka, is variable due to many 

reasons such as labour availability, cost of labour, skill level as well as the purpose of 

production. When rice production is undertaken purely for subsistence, hired labour is 

replaced with family labour to reduce production cost. Family labour is expected to 

reduce efficiency while hired labour contributes more to efficiency due to increased 

specialised skills. Accordingly, the total labour input for rice production was divided 

into family and hired labour components and the ratio of family to hired labour was 

computed. This was assumed as one of the sources of inefficiency.  

 

3.3 Results and discussion 

 

The findings of the study are presented in two sections. The first section provides farm-

specific technical efficiency estimated using stochastic frontier functions and the second 

section discusses sources of inefficiency estimated using a simple regression.  

 

Results of stochastic frontier estimation  

 

Table 3.2 presents the maximum likelihood estimates of the Translog stochastic frontier 

model. The model is significant with 23 β parameters being significant at the 5% level 

and four at the 10% level of significance. 



40 

 

The estimates of variance parameters are shown at the bottom of the Table 3.2. The 

variance ratio, γ = 0.809, implies the presence of technical inefficiency having a 

significant impact on rice production. It suggests that approximately 80% of the 

difference between the observed rice production and the maximum frontier production 

is due to firm-specific technical in/efficiency as opposed to conventional random 

variability. Similarly, the variance parameter, λ = 2.062, suggests that, the variance of 

inefficiency term is double that of the variance of random error. Both the likelihood 

ratio test and Wald test statistics suggested rejecting the null hypothesis confirming that 

there is a technical inefficiency component associated with the rice production.  
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Table 3.2: Maximum likelihood estimates of the Translog stochastic frontier model 

Variable Estimate (β) Standard Error p value 

Seed -0.405* 0.240 0.091 

Fertilizer 1.232*** 0.291 0.000 

Extent -2.228*** 0.397 0.000 

Labour 0.526** 0.205 0.010 

Tractor 0.841*** 0.151 0.000 

Weedicide 0.854*** 0.180 0.000 

Seed
2
 0.028*** 0.005 0.000 

Fertilizer
2
 0.032 0.021 0.134 

Extent
2
 -0.140*** 0.032 0.000 

Labour
2
 -0.003 0.004 0.461 

Tractor
2
 0.016** 0.006 0.005 

Weedicide
2
 0.000 0.007 0.919 

Seed*Fertilizer 0.034 0.032 0.285 

Seed*Extent -0.136*** 0.035 0.000 

Seed*Labour 0.044* 0.024 0.067 

Seed*Tractor 0.022 0.016 0.187 

Seed*Weedicide -0.036* 0.019 0.065 

Fertilizer*Extent 0.104** 0.044 0.020 

Fertilizer*Labour -0.023 0.025 0.361 

Fertilizer*Tractor -0.116*** 0.020 0.000 

Fertilizer*Weedicide -0.046** 0.021 0.030 

Extent*Labour 0.071** 0.036 0.048 

Extent*Tractor 0.152*** 0.025 0.000 

Extent*Weedicide 0.126*** 0.030 0.000 

Labour*Tractor -0.052*** 0.013 0.000 

Labour*Weedicide -0.005 0.015 0.738 

Tractor*Weedicide -0.037** 0.011 0.001 

Year 

   2007 -0.014 0.016 0.377 

2008 -0.031* 0.016 0.056 

2009 -0.060*** 0.016 0.000 

2010 -0.123*** 0.018 0.000 

2011 -0.005 0.019 0.773 

2012 -0.060** 0.020 0.003 

2013 -0.047** 0.020 0.020 

Maha Season 0.017** 0.008 0.045 

Channel Irrigated 0.465*** 0.015 0.000 

Constant -4.383** 1.430 0.002 

/lnsig2v -2.945*** 0.042 0.000 

/lnsig2u -1.497*** 0.037 0.000 

Sigma_v 0.229 0.004 

 Sigma_u 0.472 0.008 

 Sigma
2
 0.276 0.007 

 Lambda (λ) 2.062 0.012 

 Variance ratio (γ) 0.809 0.011 

 Likelihood-ratio chibar
2
(01) 5.80E+02 

 

0.000 

Wald chi
2
(36) 37,508.63 

 

0.000 

Log likelihood -2,459.47 

  N 6,267 

  Note: Significant at *10% level, ** 5% level, *** 1% level 
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Table 3.3 summarizes the distribution of technical efficiency scores across different 

farms. The minimum was 6.43% and the maximum was 97.72%. Approximately, 50% 

of the total rice farms are 60-80% technically efficient. The mean technical efficiency, 

72.10%, suggests that these farms were, on average, 27.90% technically inefficient in 

rice production. Rice production therefore, has the potential for further improvement in 

terms of efficiency of the current technologies adopted in production.     

 
Table 3.3: Frequency distribution of technical efficiency (TE) scores 

TE Score Frequency Cumulative % of farms 

0-10 13 0.21 

11-20 11 0.38 

21-30 38 0.99 

31-40 111 2.76 

41-50 275 7.15 

51-60 565 16.16 

61-70 1,176 34.93 

71-80 2,078 68.09 

81-90 1,871 97.94 

91-100 129 100.00 

Minimum 6.43%  

Maximum 97.72%  

Mean TE 72.10% 

 Note: N = 6,267 

 

Results of inefficiency estimation  

 

Based on the perceived inefficiency identified above, the next step is to explore possible 

factors that lead to inefficiency. The results of the inefficiency model are given in Table 

3.4. The dependent variable is the technical efficiency of each farm and the estimates 

are simple linear regression coefficients of the three variables; variety group, region, 

and labour ratio which were assumed to impact on the technical in/efficiency of rice 

production. 

 

Varietal group and region were highly significant at the 5% level while family to hired 

labour ratio was significant at the 10% level. Therefore, the three variables can be 

considered important determinants of farm-specific technical efficiency. The level of 

technical efficiency, therefore, varies based on the age group of the rice variety, the 

region of cultivation and labour ratio used in rice production.  
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Table 3.4: Ordinary least square estimates (dependent variable is firm-specific technical efficiency) 

Variable Estimate (γ) Standard Error p value 

Variety group    

3 months 0.066** 0.026 0.014 

3 ½ months 0.069** 0.026 0.008 

4-4 ½ months 0.076** 0.027 0.006 

    

Region 

   Ampara  0.022** 0.007 0.002 

Anuradhapura 0.063*** 0.008 0.000 

Gampaha 0.061*** 0.009 0.000 

Hambanthota 0.096*** 0.008 0.000 

Kandy 0.005 0.010 0.611 

Kurunegala 0.029** 0.008 0.001 

Polonnaruwa 0.066*** 0.008 0.000 

System C 0.044*** 0.008 0.000 

System H 0.053*** 0.008 0.000 

    

Family/hired labour ratio -0.000* 0.000 0.069 

Constant 0.611 0.025 0.000 

Prob > F 0.000 

  Adjusted  R
2
 0.045 

  Root MSE 0.127 

  N 5,114 

  Note: Significant at *10% level, **5% level, ***1% level 

 

With respect to rice varietal group, the 4-4 ½ month age group was the most efficient 

category compared to the 5-6 month age group. In general, dry matter accumulation 

increases with the increase in age group resulting in relatively higher rice production. 

However, the 5-6 month group is the least efficient group as it consumes a fair amount 

of input and grain yields tend to decrease after a certain threshold level. In comparison 

to the 5-6 month age group, the 3 month and 3 ½ month classes were considerably 

efficient. As technical efficiency is temporally invariable in this analysis, the study 

could not detect temporally variable technical efficiency. 

 

The regional level technical efficiency estimations revealed that dry zone rice 

production is highly efficient compared to wet zone production. Kalutara was the base 

case representing the wet zone region, and all regional estimates, except for Kandy were 

significant and positive. This implies that, with the exception of Kandy, rice production 

in all the other regions was more efficient than that in Kalutara. High potential areas, 

such as Hambanthota and Polonnaruwa, had a strong positive relationship with 

technical efficiency. Anuradhapura, Gampaha and System H were the next best 

efficient/promising areas, because rice production in these regions is assured with major 

irrigation networks.  
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As sources of inefficiency, family to hired labour ratio also had a significant but 

negative relationship with farm-level efficiency. When the ratio increases, efficiency 

tends to decrease. These results implied that family labour contributes to reduced 

technical efficiency while hired labour increased the level of efficiency. Family labour 

is an unskilled input often used at subsistence level of rice production. However, hired 

labour, which is more specialized, is engaged extensively in commercial-scale rice 

cultivation that leads to efficient production. Consequently, hired labour substantially 

contributes to efficiency. Hence the results advise producers to employ hired labour as 

an input in rice production if they want production to become more efficient.    

 

3.4 Concluding remarks 

 

This chapter broadly discussed farm-level technical efficiency in rice production in 

different rice production regions of Sri Lanka. The focus of the chapter was to identify 

the impact of technology on the level of technical efficiency in varying production 

contexts. Translog stochastic frontier production estimation of rice production data for 

16 consecutive seasons in 10 major rice producing regions revealed that the mean 

technical efficiency of the current rice production is 72% (28% inefficiency). Hence, 

there is possibility for improvement of the existing level of production efficiency. Type 

of rice technology (varietal group), producing region and the type of labour used 

strongly affected the technical efficiency of rice production. Rice varietal group, which 

is the technology focus of this study, has a strong positive relationship with the level of 

technical efficiency. Production units, therefore, should carefully select appropriate 

technologies to improve technical efficiency in rice production in Sri Lanka.   

 

This study will project some insights for further research. The results of this analysis 

will inform rice breeders/researchers on comparatively efficient rice varietal groups in 

terms of yielding capacity. It will also provide information on the opportunity cost of 

family labour to determine the right balance of labour input in the rice production 

process.  
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CHAPTER 4 - EFFECTS OF CLIMATIC VARIATION ON PRODUCTION AND 

TECHNICAL EFFICIENCY OF RICE PRODUCTION IN SRI LANKA 

 

4.1 Introduction 

 

The previous chapter examined a relationship between technology adoption and 

technical efficiency using rice production data in different regions of Sri Lanka. The 

sources of technical efficiency in rice production were also investigated. The chapter 

identified spatial differences and variation in technical efficiency based on the 

technology. Technical efficiency attached to a certain technology can vary beyond its 

unique characteristics various factors can determine the level of efficiency. In this view, 

climatic parameters can influence technical efficiency since rice production is entirely 

dependent on environmental parameters. Therefore, this chapter examines the effect of 

climatic variation and how this variation can impact, firstly rice production, and 

secondly technical efficiency associated with rice production technologies. The 

following section briefly presents an introduction to the effects of climatic variation on 

agricultural production and related literature on climatic variation. 

 

In many parts of the world, species and ecosystems may experience different climatic 

conditions at the limits of their optimal ranges or beyond. When optimal conditions 

prevail, species or ecosystems thrive, however, when climatic conditions are sub-

optimal, the impacts can be very complex and difficult to predict. Climate change, the 

gradual and long-term continuous change in average weather conditions over many 

decades, has often been discussed in relation to its many adverse outcomes in the daily 

lives of people (De Costa, 2010; Easterling et al., 2000; Tompkins, 2002). 

Predominantly, extreme events such as floods, hurricanes, heat waves and droughts 

have been analysed in terms of the major impacts and costs for society. For example, 

spill-over effects can destroy crops, wreck infrastructure and threaten lives and 

property. 

 

These impacts and costs predominantly affect agricultural industries as the agricultural 

sector is extremely dependent on natural inputs for production, such as water, land (soil 

fertility), temperature and rainfall. Hence, agricultural production is particularly 

vulnerable to variation in climate which affects almost all regions in the world. The 

impacts of climatic variation on livelihoods in tropical Asia are especially important 



46 

 

because many of the world’s poor are housed in the region and they produce food for 

their subsistence under a prevailing tropical climate. To illustrate, Asia is the most 

populous continent globally, providing a home for 60% of the total world population 

with an estimated 70% of the world’s poor heavily dependent on agriculture (Smith et 

al., 2001; World Bank, 2016). The world faces a huge challenge to ensure food supply 

amidst climate change given the increasing population which is predicted to rise by 55% 

by 2056 (World Bank, 2016).As food production in the Asian sub-continent is 

characterized as subsistence rather than commercial, climatic variation will directly 

impact on the livelihood of people in the region (Pingali, 1997).  

 

It is well known that despite their varied socio-cultural and economic histories, many 

countries in South Asia remain underdeveloped or developing even at the beginning of 

the 21
st
 century. The severity of the impacts of climatic variation in these economies has 

been significant. Records show that extreme weather incidents cause one-third of losses 

in agricultural and allied sectors in these economies (Lesk et al., 2016). The Food and 

Agriculture Organization (2015) has also estimated that, from all natural disasters 

including drought and flood during 2003-2013 in developing countries, agricultural 

industries absorbed 22% of the damage and losses. The most affected sector has been 

the crops subsector experiencing 42% of the total damage to agriculture. In developing 

countries during 2003-2013, the total economic losses in the crops subsector were 

valued at US$ 13 billion with approximately 75% of the damage due to floods and 

drought (Food and Agriculture Organization, 2015).  

 

Climate change and related crop sector studies have mainly focused on the impact of 

climate change on crop productivity in global and regional contexts. Many studies are 

experimental in nature, having used crop growth models to assess the impact of climate 

variation on crops. In these models, agronomic aspects and localized impacts of weather 

changes are often explored (Chmielewski & Götz, 2016; Corbeels et al., 2016; Lansigan 

et al., 2000; Pirttioja et al., 2015; Qian et al., 2016). These models are, however, limited 

in exploring the impacts of climate variation over extended agro-ecological and 

geographical regions as many of them require calibration for future projections 

(Challinor et al., 2015; Li et al., 2015).  

 

On the other hand, empirical studies on climate change which deal mostly with bio-

physical aspects have proven that the past can be a good indicator of the future 
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(Hawkins & Sutton, 2016; Iglesias et al., 2000; Liverman, 1990). Historical records of 

rainfall and temperature have long been utilized to help make sense of how the climate 

might change in the future (Pirttioja et al., 2015). For this reason, temperature and 

rainfall are often used in many studies to test the impact of climatic variation as these 

data are readily available and are the simplest measurable indicators of climatic change.  

 

Of all the factors contributing to climate change, an increase in surface temperature is 

thought to have the most significant effect (Sivakumar et al., 2005). This has been 

evidenced in recent decades with climate scientist, Ed Hawkins using a viral climate 

picture format to illustrate that the world temperature is spiralling and has increased by 

an average of 1.5
o
C from 1850 to 2016 (Hope, 2016). As a result of temperature 

rise/global warming, crop grain yield is significantly reduced with deteriorated grain 

quality (Zhang et al., 2010). For example, an increase in average minimum temperature 

by 1
o
C can reduce crop yield by 10% (Peng et al., 2004). Hence, temperature fluctuation 

has been one of the critical factors for food crop production discussed in various facets 

of the climate literature (Amin et al., 2015; Easterling et al., 2000).  

 

The increased global temperature leads to rainfall deviations which can produce even 

more devastating results in crop growth (Auffhammer et al., 2012; Dore, 2005; Lobell et 

al., 2007; Ranatunge et al., 2003). The water availability for crops essentially depends 

upon rainfall distribution and excessive rainfall can damage early crop growth until 

grain harvest. Moreover, intense rainfall can produce adverse effects, along with major 

flooding, devastating vegetation (Manawadu & Fernando, 2008; Rötter & Van de Geijn, 

1999). Rainfall is a highly variable climatic parameter and crop yield is also reduced 

under water shortages. It is clear from the literature, that the impacts of changing 

temperature and rainfall play a pivotal role in food crop production (Auffhammer et al., 

2012; Koubi et al., 2012; Lansigan et al., 2000; Lobell et al., 2007; Rötter & Van de 

Geijn, 1999).  

 

Despite studies exploring crop growth or bio-physical attributes, characterising the 

influence of climate within environmental time series framework is challenging for 

many reasons. Most importantly, many variables are embedded in climatic variation 

where the researchers are essentially forecasting climate under hypothetical conditions 

(Li et al., 2015).Lack of instrumental and observational data in climate science is also 

crucial. Empirical environmental economics studies that explore climatic impacts on 
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agriculture, particularly in tropical developing countries are seldom reported. One 

possible reason could be limited access to primary farm level data as they are not 

publicly available (Mendelsohn, 2008). This study uses farm level data to characterise 

the influence of climatic variation within an environmental time series framework in a 

tropical food crop sub sector.   

 

Among the food crop sub sector, rice production is the focus of this study for several 

reasons. The rice sector constitutes a major proportion of the food crop subsector in 

many agriculture-based economies. It is a global crop produced in 95 countries. 

Furthermore, more than half of the world’s population depends on rice, and this is 

particularly the case in developing countries (Ainsworth, 2008; Duwayri & Van Tran, 

2000). Asia is by far the most significant rice producing region, accounting for 94% of 

world rice production. The growing human population, incomes and urbanization are 

projected to drive increased rice consumption over the next 20 years, with most of the 

growth projected to occur in the developing world. An approximate 35% increase in rice 

production is expected to meet this demand, and significant improvements in production 

will be required in feeding significant portions of the world’s population (Ainsworth, 

2008; Coats, 2003; Kim et al., 2013; Somaweera et al., 2016). In response to this food 

demand, the rice sector needs to significantly increase production to ensure food 

security among different countries in the face of climatic variation (Schmidhuber & 

Tubiello, 2007).  

 

Based on the discussion above, the overall objective of the study is to assess the impact 

of short-run climatic variation on rice production and its technical efficiency in Sri 

Lanka. The agricultural sector in Sri Lanka occupies a prominent role in the economy, 

ensuring food supply and alleviating rural poverty, with its primary focus on food crop 

sector priorities (Amarasinghe et al., 2005; Davis et al., 2016; Gunasena, 2008). Sri 

Lanka claims self-sufficiency in rice production owing to conducive government 

policies and technological advancements in the rice industry. Rice is produced in two 

cropping seasons, Maha and Yala, and the production is localized as dry zone and wet 

zone based on the agro-climatic parameters of the producing regions in Sri Lanka. The 

dry zone contributes to 60% of the annual rice production and the region receives most 

of its rain from North-East monsoons. The wet zone serves as a buffer which receives 

frequent rain from South-West monsoons. Most importantly, rice production in Sri 
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Lanka coincides with the bi-modal rainfall distribution caused by rains from the two 

monsoons. 

 

The distribution of rainfall in the country shows that rice is a seasonally produced food 

crop in Sri Lanka. The cultivated rice is a semi-aquatic plant grown under controlled 

water supply. The source of the water supply and degree of flooding are the primary 

environmental factors determining rice crop yield (Kende et al., 1998). Extreme weather 

incidents in Sri Lanka have been very frequent during the last five years and have 

created uncertainty in relation to reaping substantial harvests. The extreme weather 

destroys not only the crop yield but also the entire rice farming infrastructural network. 

As a result of the severe drought in 2014, for example, the total rice production was 

reduced by 42% and the area harvested dropped by 37%. A bumper harvest was 

recorded in 2015 due to favourable weather for cropping. Accordingly, the average rice 

yield increased from 4.2 t/ha in 2014 to 4.4 t/ha by 2015 (CBSL, 2015). It is clear that 

rice production in Sri Lanka is highly sensitive to changing climatic conditions, where 

the production is often connected to risk and uncertainty.  

 

Understanding the effects of climate change on staple food crops, and their impact upon 

food security has become the utmost priority in many aspects of social sciences. Sri 

Lanka is presently confronted with adverse climatic impacts not only on the food crop 

sector, but also on the livelihoods of people. At this juncture, it is a challenge to forecast 

optimal production conditions and determine if Sri Lanka is prepared if the optimistic 

scenario does not eventuate. This study advises practitioners on an emergency back-up 

plan for farm level rice production, which is of timely concern to ensure food security 

amidst changing climate conditions (Nicholls, 1997).  

 

4.2. Methodology 

 

The empirical estimation of this study is composed of two main sections. The first 

section explores climatic impacts on rice production and the second section examines 

climatic impacts on technical efficiency. A description of the data used in the study is 

given below. 
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Data 

 

The data include farm inputs and weather data for 2006-2013 from the Department of 

Agriculture (DOA) and the Department of Census and Statistics (DCS) of Sri Lanka. 

Rice production in 11 production regions was considered for the analysis. The regions 

cover two major rice producing zones; dry zone and wet zone. Three of the regions were 

under rain-fed (Gampaha, Kalutara and Kandy) and eight regions were under channel 

irrigation (Ampara East, Ampara West, Anuradhapura, Hambanthota, Kurunegala, 

Polonnaruwa, Mahaweli System C and Mahaweli System H). Eight administrative 

districts were captured in these production regions. Rice production in the Mahaweli 

System occurs under a special administrative system and only two divisions; Mahaweli 

System C and H were selected. Approximately 30-50 farm records in each of the 

production regions in a single season created an unbalanced panel for 2008-2013. The 

panel has 16 successive cropping seasons consisting of two cropping terms within a 

single year (Maha - wet season and Yala - dry season). The data constitutes a pooled 

cross section (pseudo panel) which includes both the farm inputs and climatic variables 

for eight years. The above data are common for the analysis used in both the models 

discussed below. 

 

The following steps were taken to assess the impact of climatic variation on i) rice 

production, and ii) technical efficiency of rice. Two different models were used to 

assess each step, henceforth labelled as Model 1 and Model 11, respectively. The 

empirical estimations of the models are composed of two main steps; i) estimation of 

regression model and ii) Monte Carlo simulations based upon the temperature and 

rainfall variations. The specification of the regression model is presented first and the 

regression coefficients derived from the model are used for the subsequent simulation 

analysis.  

 

Model 1 

 

This section provides the model specification and simulation steps of Model 1. The 

descriptions of the variables used in Model 1 are given below (Table 4.1).  
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A simple regression was used to identify the impacts of climate impact on rice 

production using panel data from Sri Lanka. The setting for the regression analysis is 

given below.  

 

Various facets of crop models have been tested in estimating climatic impacts on crop 

yield (Kim et al., 2013). The study developed a fixed-effects spatial model to estimate 

the effect of weather variables on rice yield. Firstly, the model controlled for region-

specific fixed effects to adjust for time-invariant unobserved factors that are unique to 

each region (e.g. soil fertility and topography). Secondly, yearly fixed effects were also 

imposed to track any unobserved factors that are common to all rice producing regions 

within a given year/period. In addition to the weather variables, farm inputs were 

included as control variables to increase the precision of estimates (Chen et al., 2014). 

 

Table 4.1: Description of variables in Model 1 

Category Variable Description Source 

Dependent variable   

 

Rice production in the 

region ( ity ) 

Total rice production by i
th

 farmer in 

time t (kg/season) 

DOA 

Weather variables  Temperature (
jtT ) Seasonal average air temperature (

o
C) DCS 

Rainfall (
jtRF ) Seasonal total rainfall (mm) DCS 

Relative Humidity(day) Seasonal average relative humidity of 

the daytime (%) 

DCS 

Relative Humidity(night) Seasonal average relative humidity of 

the night time (%) 

DCS 

Control variables 

(farm inputs) ( itx ) 

 

Extent Area cultivated (ha/season) DOA 

Seed  Quantity of seed paddy (kg/season) DOA 

Fertilizer Quantity of NPK fertilizer (kg/season) DOA 

Labour Quantity of total labour input (man 

days/season) 

DOA 

Tractor Rental cost on tractors (LKR* /season) DOA 

Weedicide Cost of weedicides (LKR*/season) DOA 

Dummy variables Year ( tP )  Reporting year (2008 is the base year)  

Region (
1D ) Cultivated region (Kalutara is the base 

case) 

 

Season (
2D ) Cultivated season of the year  

(Yala/dry season is the base case) 

 

Note:*LKR- Sri Lankan Rupees 

 

The study adopted a method by Auffhammer et al. (2012) in analysing the climatic 

effect on production. The generic form of the regression model for the area-specific rice 

production in a given time at the farmer level is expressed in Equation 4.1. The model is 

in the log-log form. 
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Where ity is the log of rice production of the i
th

 farmer in year t. There are two fixed 

effects for the region and for the year/period. The alpha terms are region fixed effects 

and jD  is a collection of j = 1…, k dummies (region and season) while j  represents 

region-specific fixed effects. Similarly tP  represents dummies for the year and t  is the 

period-specific fixed effect on annual time trend of t = 1…, m years. jtT is the average 

temperature and jtRF  represents the seasonal rainfall in the j
th

 region at period t. 

Relative humidity was also introduced in the model ( jtRH ). The associated regression 

coefficients for temperature, rainfall and relative humidity are given by i , i  and
1 , 

respectively. The farm inputs itx are expressed as control variables, while i is the input-

specific regression coefficient. The main variables of interest (weather variables) are 

measured at the geographic level, j = 1…, k, while the controls are farm-specific, I = 

1…, n, are the subscripts; it  is the error term.  

 

The dependent variable, )ln( ity , which is the log of rice production, belongs to each 

farmer in the specific region. This information is available for each season of the year. 

Studies have replaced production with productivity/yield (i.e. production per unit area) 

which had minimal impact on the final results according to recent findings 

(Auffhammer et al., 2012). For that reason, rice production was used as the dependent 

variable.   

 

Equation 4.1 identified farm inputs and weather parameters (rainfall, temperature and 

relative humidity) as independent variables. Eleven regions of rice production in the 

country were included; Ampara East, Ampara West, Anuradhapura, Gampaha, 

Hambanthota, Kalutara, Kandy, Kurunegala, Polonnaruwa, Mahaweli System C and 

System H. The areas do not essentially belong to a particular administrative boundary, 

but represent operative production regions in the country. In the model, the Ampara 

district appears as two sub-divisions; Ampara East and Ampara West. This is because of 

the different management practices adopted by the farmers in these areas due to two 

different irrigation water sources. Two regions were also considered for rice production 

at Mahaweli areas (System C and H). All the regions were represented using a region 
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dummy. Based on the availability of data, 2008 was chosen as the base year and 2013 as 

the end. Two rice cropping seasons; Yala (dry season) and Maha (wet season), were 

considered as the production environment differs in these two seasons. Rice production 

in 2006 is reported as 2006 Yala and 2006-07 Maha to complete a year of production. 

To represent the production season in a particular year, a season dummy was used. 

Hence, there were three dummies in total for region, year, and producing season.   

 

Four weather variables; seasonal rainfall (total), daily average temperature, and both 

day and night relative humidity from the respective regional weather stations were used. 

Cumulative rainfall within a six-month period was considered (i.e. rainfall from April to 

September in 2008 was aggregated to calculate total rainfall in 2008 Yala season while 

rainfall from October 2008 to March 2009 was aggregated to calculate total rainfall for 

2008-09 Maha). The aggregation of rainfall in the respective months for the two seasons 

was based on the standard definition of the rice cropping calendar, Yala and Maha 

respectively, which coincides with bi-modal monsoonal rains. The average seasonal 

temperature was calculated for the same six-month duration for each region/farm. In 

addition to rainfall and temperature variables, squared terms of the same variables were 

also incorporated in the model to capture the nature of the impact of climatic variables 

for rice production. It is evident that optimal rice production is reduced when 

temperature and rainfall deviates from the expected levels. Therefore, the squared form 

together with the level form of rainfall and temperature variables were used to capture 

the functional/non-linearity behaviour of weather variables which can cause a 

production drop in either direction. Average relative day and night time humidity in the 

season were also included in the model.  

 

Six farm inputs were identified as control variables: area cultivated, amount of seed, 

fertilizer quantity, labour quantity, tractor cost and cost of weedicide. The area 

cultivated in rice by each farm was included as an independent variable (extent) since 

production is the dependent variable. Quantity of seed paddy (seed), total NPK
5
 

fertilizer (fertilizer) and labour hours (labour) for a single season were calculated. Data 

on tractor hours and amount of agrochemicals for pest control were not available. 

Therefore, a total cost on tractors (tractor) and total cost on weedicides (weedicide) for a 

single season were used as proxy variables to represent power use and chemical use. All 

                                                           
5
 NPK-Nitrogen, Phosphorous and Potassium fertilizer  
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the farm inputs and the weather variables were in natural logarithms as specified in 

Equation 4.1.  

 

As the second step of the empirical analysis for Model 1, fluctuations in rice production 

under various climatic projections are presented using the simulation detailed below.  

 

Simulation analysis 

 

The simulation was conducted as follows. A bivariate Gaussian density was estimated 

for the temperature and logged rainfall data as they varied spatially and temporally. The 

density parameters were then manipulated, either shifting them to the right to reflect 

increases in temperature ( 02ˆ T and 04ˆ T ) or rescaling the variation in rainfall 

(such that 2ˆ RF and 2ˆ RF ). One-thousand random draws were taken from the 

transformed density and fed into the regression equation to obtain predictions of the 

mean, and the full distribution of expected values under different climate conditions. 

Thus, it was possible to obtain estimates of how average production levels are likely to 

fluctuate under both standard climatic variation and variation induced by climate 

change. 

 

For the simulation exercise, parameter estimates in Equation 4.1 were used as the base 

case. The future climatic conditions were simulated under four scenarios i) temperature 

increase by 2
o
C, ii) temperature increase by 4

o
C, iii) rainfall increase by 50%, and iv) 

rainfall decrease by 50%. These scenarios were with reference to the base-case scenario. 

The incremental temperature was considered due to the recent trends in global warming 

(Root et al., 2003). Changes in rainfall in both directions (increase or decrease) were 

considered as an alternative to temperature. The basis for each scenario was determined 

according to previous studies (Easterling et al., 2000; Matthews et al., 1997; Peng et al., 

2004). Thereafter, individual effects and the combined effects of temperature and 

rainfall were simulated. The combined effects were derived for all possible pairs of 

temperature and rainfall scenarios. The simulated rice production was estimated for 

scenarios with individual and combined effects. The expected level of rice production 

was then plotted against each climatic scenario. Rice yield was projected using the 

expected levels of yield derived from the simulation exercise.  
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Model 11 

 

Model 11 is a modification of Model 1. The regression analysis is modified slightly, but 

the simulation follows the same steps adopted in Model 1. Hence the following section 

only presents the modifications adopted in the estimation of Model 11.  

 

The first modification introduced pertains to the dependent variable. In the current 

model (Model 11), the dependent variable is technical efficiency (TEit) which replaced 

log of rice production in Model 1. The data for this variable were obtained from the 

estimates derived in Chapter Three of the thesis. 
6
 

 

The next adjustment adopted in Model 11 is the inclusion of rice varietal group jtVG  as 

a dummy variable to represent a technology. This replaced farm inputs denoted by itx in 

Equation 4.1. The varietal group includes five varietal categories. The categories are 

based on the RRDI classification of crop maturity and they are 2 ½ month, 3 month, 3 ½ 

month, 4-4 ½ month and 5-6 month. The age group 2 ½ month was considered as the 

base case for comparison.  

 

Furthermore, the time trend was excluded in Model 11, because this study articulates 

time invariant technical efficiency that explains a simple input-output relationship of 

rice production. Hence the focus is to identify any impact of the technologies adopted 

on technical efficiency in varying climate scenarios using data from a pooled panel. In 

terms of the weather variables, this analysis excluded relative humidity to simplify the 

model assuming that rainfall and temperature have a greater impact. The description of 

the variables of Model 11 is given in Table 4.2 and the adjusted Model 11 is specified in 

Equation 4.2.      
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6
Model 11, can be identified as an extended version of the regression equation estimated in Chapter 

Three. Equation 3.6 is employed to explore the sources of inefficiency. Model 11 intends to examine the 

climatic impact on efficiency. Hence climate variables were introduced in to the model. They are total 

seasonal rainfall received by each farm in a given region and seasonal average temperature. 
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Table 4.2: Description of the variables in Model 11 

Category Variable Description Source 

Dependent variable   

 

Technical efficiency in 

the region (
itTE ) 

Technical efficiency score of i
th

 

farmer in time t 

Author 

calculation* 

Weather variables  Temperature (
jtT ) Seasonal average air temperature 

(
o
C) 

DCS 

Rainfall (
jtRF ) Seasonal total rainfall (mm) DCS 

Dummy variables 

 
Variety group (

itVG )  Rice age group (2 ½ month is 

the base case) 

 

Region (
1D ) Cultivated region (Kalutara is 

the base case) 

 

Season (
2D ) Cultivated season of the year 

(Yala/ dry season is the base 

case) 

 

Note: *Technical efficiency estimates derived from Equation 3.5 

 

Next, in the simulation analysis, technical efficiency changes with respect to changes in 

climate were projected adopting the same approach as discussed for Model 1.    

 

4.3. Results 

 

The results in this study are presented separately for the two models. For each of the 

models, regression results are presented initially followed by the simulation results.   

 

Regression results of Model 1 

 

Results of the regression for Model 1 are presented in Table 4.3. The model was fitted 

using Ordinary Least Square method (OLS) and robust standard errors were used to 

avoid possible misspecification in the model (White, 1980). The model indicated a 

reasonable model fit capturing87% of the total variability and it was significant at the 

1% level.   
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Table 4.3: OLS estimates of variables in Model 1 (dependent variable is log of rice production) 

Variable Estimate Standard error p value 

Weather variables    

Temperature 342.999*** 54.522 0.000 

Temperature
2
 -51.028*** 8.175 0.000 

Rainfall 0.661** 0.254 0.009 

Rainfall
2
 -0.053** 0.020 0.009 

Relative Humidity-day -0.706* 0.402 0.079 

Relative Humidity-night 1.445*** 0.413 0.000 

    

Farm variables    

Seed 0.121*** 0.025 0.000 

Fertilizer 0.176*** 0.025 0.000 

Area 0.595*** 0.038 0.000 

Labour 0.044*** 0.012 0.000 

Tractor 0.037** 0.012 0.002 

Weedicide 0.029** 0.012 0.020 

    

Dummy variables     

Maha Season (wet) 0.125** 0.042 0.003 

    

Year    

2009 -0.057** 0.023 0.015 

2010 -0.023 0.027 0.388 

2011 0.050** 0.023 0.027 

2012 0.026 0.029 0.386 

2013 -0.012 0.031 0.678 

    

Region 

 

 

 Ampara East 0.622*** 0.045 0.000 

Ampara West 0.421*** 0.039 0.000 

Anuradhapura 0.389*** 0.057 0.000 

Gampaha 0.074* 0.040 0.068 

Hambanthota 0.605*** 0.037 0.000 

Kandy 0.699*** 0.134 0.000 

Kurunegala 0.406*** 0.055 0.000 

Polonnaruwa 0.522*** 0.060 0.000 

System C 0.438*** 0.058 0.000 

System H 0.358*** 0.055 0.000 

    

Constant -576.205*** 90.409 0.000 

N 3375   

Prob>F 0.000   

R
2
 86.57%   

Root MSE 0.360   

Note: Significant at *10% level, **5% level, ***1% level. All the variables in logarithmic forms and 

standard errors are the robust standard errors.  
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All the weather variables had a significant effect on rice production. Increase or 

decreases in temperature and rainfall squared variables significantly reduced the rice 

production. Negative relationships between the squared variables and rice production 

coupled with positive relationships between the normal forms of the same variables and 

rice production suggests a non-linear/quadratic relationship between rice production and 

climatic variables. 

 

All the farm inputs had significant, positive impacts on rice production. Therefore, 

increasing the area cultivated, amount of seed, fertilizer quantity, labour input as well as 

tractor and weedicide use can significantly increase rice production. Production in Maha 

season (wet season) had an additional production potential of 13% compared to Yala 

season (dry season). Lower production was reported in 2009, 2010 and 2013, compared 

to 2008, due to the drought effects in these years. Relative to 2008, production years 

2011 and 2012 recorded a bumper harvest perhaps due to favourable weather. Region 

dummies suggested that, relative to the Kalutara region, all other regions produced 

significantly higher rice volumes. Therefore, Kalutara can be considered the lowest 

production region in this study. 

 

Simulation results of Model 1 

 

The theoretical base for the simulation exercise was adopted from Jensen’s Inequality 

predictions which provide a powerful tool for predicting some direct effects of 

environmental variance in biological systems (Ruel & Ayres, 1999). Jensen’s Inequality 

implies that environmental variance (i.e. change in temperature or rainfall) can have 

important and predictable biological consequences that cannot be inferred from average 

environmental conditions. When the response function is nonlinear, environmental 

variance will consistently elevate or depress the response (Roitberg & Mangel, 2016). 

Thus, the projected response in this study would follow a concave relationship against 

the variation in rainfall or temperature, as illustrated in Figure 4.1. 
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A. Log of production with change in temperature B. Log of production with change in rainfall 

  

Figure 4.1: Performance profile with temperature and rainfall variations 

 

Figure 4.1 displays non-linear response behaviour of rice production to variation in 

temperature or rainfall. Hence, we can conclude that when natural variation occurs in 

either direction (i.e. increase or decrease of temperature), a subsequent drop in rice 

production will result.  

 

Figure 4.2 presents the simulation results in two composite panels; i) individual effects 

in panels A, B and ii) combined effects in panels C, D. Panel A illustrates the individual 

effect of temperature change on rice production while panel B illustrates the yield 

response for rainfall change. The combined effect for both temperature and rainfall are 

given in panels C and D. In terms of temperature changes, a severe production loss was 

observed at a 4
o
C rise in temperature while the 2

o
C temperature rise did not cause a 

substantial production loss. As shown in panel B, the rainfall change of 50% did not 

produce a notable drop in production.  
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A. Temperature effect 

Temperature change by +20C and +40C 

 

B. Rainfall effect 

Rainfall change by  ±50% 

 
  

C. Combined effect (+2TP and RF change) 

Temperature at +20C and Rainfall change by ±50% 

 

D. Combined effect (+4TP and RF change) 

Temperature at +40C and Rainfall change by ±50% 

 
 

Figure 4.2 Expected levels of rice production under different climate scenario 

 

The combined effect of a 4
o
C temperature rise with a 50% change in rainfall resulted in 

a significant drop in production (panel D). As the scenarios with a rainfall change of 

50% did not indicate a major impact on rice production, it can be concluded that 

production is severely affected by an increase of average temperature of 4
o
C.  

 

The above simulation analysis produces the expected yield levels and direction of yield 

change for different climate scenarios. Subsequently, the study calculated the 

percentage yield change from the base case scenario to derive a quantitative measure to 

depict the effect of climatic variation. Table 4.4 summarizes the yield changes 

compared to the baseline yield level for different climatic scenarios, including 

individual temperature and rainfall changes as well combined weather scenarios. It is 

important to note that there are obvious regional variations in production while the 

results only present a summary of the island-wide effect.  
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Table 4.4 Percentage yield change from the baseline for different climate scenarios 

Scenario 

 

Average Yield 

(kg/ha) 

Yield Change*  

(%) 

Baseline 2,459.58  

Individual effect -Temperature   

2
o
Cincrease  2,600.12 5.71 

4
o
Cincrease 1,727.75 -29.75 

Individual effect - Rainfall   

50% decrease 2,455.15 -0.18 

50% increase 2,398.56 -2.48 

Combined effect   

Temperature increase by 4
o
C & Rainfall increase by 50%  1,669.21 -32.13 

Temperature increase by 4
o
C & Rainfall decrease by 50% 1,781.57 -27.57 

Note: * Yield change compared to the baseline condition 

 

First, individual weather effects were analysed. At the baseline condition, the reported 

yield is 2,459.58 kg/ha. A significant reduction in this yield, approximately 30%, is seen 

when the temperature is increased by 4
o
C from the baseline in the simulation exercise. 

This is mainly because of bio-physical reasons, such as rice plants’ inability to 

withstand adverse temperature regimes and a loss in fertility occurring as heat is 

generated through temperature increases (Morita et al., 2004). The projected yield did 

not show a reduction when temperature is increased by 2
o
C. Studies have shown that 

small changes in temperature can sometimes increase rice yield in tropical climates 

(Morita et al., 2004; Peng et al., 2004; Satake & Yoshida, 1978). The simulation 

exercise for rainfall variation did not result in a substantial impact on rice production 

compared to temperature impacts. The yield drop due to 50% increase in rainfall is only 

2.48% while the drop from 50% decrease in rainfall is only 0.18%. Several reasons can 

account for this observation. Unlike temperature, farmers can regulate water levels in 

rice fields depending on the rainfall distribution. Moreover, wide-spread use of 

irrigation and drainage mechanisms currently in place can assure appropriate water 

availability in rice fields. Therefore, rainfall variation appears to have less impact on 

production.  

 

In addition to the individual effects given above, the study simulated combined effects 

for temperature and rainfall conditions (Table 4.4). The combined effect of a 4
o
C 

temperature rise with a 50% rainfall increase may cause 32.13% damage to rice yield. 

The combined effect of 4
o
C temperature increase and decrease in rainfall by 50% can 

reduce rice yield by 27.57%. Hence, the study concludes that the combined effect of 

different climatic conditions would produce more severe results than that of individual 
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effects. In summary, climate smart cropping strategies will be important for sustained 

production in the face of climate variation.    

 

Model 11 explored the effect of climatic variation on the technical efficiency of rice. 

Similar to Model 1, the Model 11 discusses the results in two steps. The following 

discussion presents the results, first on the regression and secondly on the simulation.  

 

Regression results of Model 11 

 

Table 4.5 illustrates the OLS estimates of the regression. The model is significant at the 

1% level, indicating the ability of this model to explain the relationship of climatic 

variables with technical efficiency of rice. All the weather variables had a significant 

impact on the technical efficiency of rice production with temperature being the most 

important. A negative relationship between the squared temperature variable and 

technical efficiency coupled with a positive relationship between the normal forms of 

temperature and technical efficiency suggest a non-linear/quadratic relationship between 

technical efficiency and temperature. This is similar to the simulation results of Model 1 

(see Figure 4.1). In contrast, rainfall did not show a strong non-linear relationship as the 

Rainfall
2
 coefficient is not negative. However, this coefficient is close to zero, which 

indicates a possible weak non-linear relationship between the two variables.     

 

All the age categories of rice varieties had a positive and significant relationship with 

technical efficiency, except the 5-6 month category (2 ½ month varietal group is the 

base case). There were variations in regional-specific technical efficiency and the 

production in Maha season (wet season) had a significant positive impact on technical 

efficiency.        
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Table 4.5: OLS estimates of the regression in Model 11 (dependent variable is technical efficiency) 

Variable Estimate Standard error p value 

Weather variables    

Temperature 0.572*** 0.096 0.000 

Temperature
2
 -0.010*** 0.002 0.000 

Rainfall 0.003** 0.001 0.009 

Rainfall
2
 0.000*** 0.000 0.000 

    

Variety group  

 3 months 0.077** 0.032 0.016 

3 ½ months 0.072** 0.031 0.020 

4-4 ½ months 0.061* 0.034 0.072 

5-6 months 0.040 0.050 0.416 

    

Maha Season (wet)  0.025* 

0.008 

 0.001 

    

Region 

 

 

 Ampara 0.045*** 0.011 0.000 

Anuradhapura 0.053*** 0.011 0.000 

Gampaha 0.048*** 0.011 0.000 

Hambanthota 0.092*** 0.010 0.000 

Kandy 0.134*** 0.022 0.000 

Kurunegala 0.022** 0.011 0.036 

Polonnaruwa 0.061*** 0.014 0.000 

System C 0.039** 0.015 0.008 

System H 0.046*** 0.011 0.000 

  

 

 

 Constant -7.655*** 1.351 0.000 

N 3,223   

Prob> F 0.000   

Adjusted R
2
 0.080   

Root MSE 0.129   

Note: Significant at *10% level, **5% level, ***1% level 

 

Simulation results of Model 11 

 

Table 4.6 highlights the simulation results for technical efficiency changes with respect 

to short-term climate variation in temperature and rainfall. The efficiency projections 

are based on the current levels of efficiency. Temperature decrease by 2
o
C degrees is 

likely to reduce technical efficiency scores by 5% while 4
o
C degrees temperature 

increase leads to approximately 10% loss in efficiency. A 50% rain increase is likely to 

reduce technical efficiency by 1.5%, while efficiency increased by about 0.6% with 

rainfall loss of 50%. This could be due to the fact that the OLS estimates, with respect 

to rainfall, did not support a strong non-linear relationship with efficiency. Hence, the 

efficiency change due to rainfall variation produced some unexpected results, 

warranting further investigation. It can be concluded that climatic variation can produce 

substantial effects on technical efficiency that can vary with the production 

environment.      
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Table 4.6 Percentage change of technical efficiency in different climate scenarios 

Scenario Technical Efficiency (%) Change in Technical Efficiency (%) 

Baseline 71.87 

 Temperature 

  2
o
C decrease 68.17 -5.15 

2
o
C increase 71.23 -0.89 

4
o
C increase 65.25 -9.21 

Rainfall 

  50% increase  70.78 -1.52 

50% decrease 72.33 0.64 

 

4.4. Concluding remarks 

 

This chapter analyzed the effects of changing climatic conditions, firstly on rice 

production, and secondly on technical efficiency of rice production in Sri Lanka. Firstly, 

using data from a micro-panel of 11 farms collected from 2008 to 2013, the study found 

significant concavity and non-monotonicity in the relationships between climatic 

variables and logged output, controlling for several of other determinants. Simulation 

results were conducted for the expected value of production under different assumptions 

about future climatic conditions. It was found that modest increases in temperature and 

variation in rainfall had small effects of ambiguous sign, but increases in temperature 

beyond 2
o
C were likely to have strong negative effects on rice production and 

efficiency. For instance, 4
o
C increases in temperature individually or in combination 

with changing rainfall can lead to approximately 30% yield drop in production. The 

primary channel for this effect appears to be via increasing temperature. The widespread 

use of irrigation/drainage infrastructure may result in variations in rainfall having less 

impact on rice production.  

 

Secondly, the technical efficiency change showed an anticipated non-monotonic 

relationship with weather under different temperature and rainfall scenarios. For 

instance, the incremental temperature increases of 2
o
C and 4

o
C can reduce technical 

efficiency by 0.9% and 10%, respectively. Furthermore, temperature decreases of 2
o
C 

are likely to reduce technical efficiency by 5%. The 50% rainfall increase can also 

diminish technical efficiency by about 1.5%, however, decreasing rainfall does not 

produce a notable change. Overall, the rainfall effect did not illustrate a strong non-

linear relation with technical efficiency.  
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In terms of policy, the results highlight the capacity for climate change to threaten the 

stability of rice production in subcontinental Asia. Finding ways to ensure food security 

appears to be an important priority. The fact that production output seems more 

sensitive to rising temperature than rainfall can help guide scientific research in crop 

production and technical efficiency for crops/varieties that are more robust to climate 

change. 
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CHAPTER 5 – DOES AGRICULTURAL EXTENSION PROMOTE RICE 

TECHNOLOGY ADOPTION IN SRI LANKA? 

 

5.1 Introduction 

 

The thesis so far is focused on the technology-specific aspects of rice technologies and 

their various facets that are typically discussed in farm level research. The previous 

chapters, therefore, discussed technology-specific aspects highlighting technical 

efficiency dimensions unique to each technology type and how short-term climatic 

variations affect these technologies and their efficiency. For a technology to be 

sustainable and feasible in its environment, it has to be adopted by the users. Hence, the 

next step of the technology diffusion process is to look at the adoption by the target 

beneficiaries, the users or farmers in an agricultural setting. The user-specific aspects of 

a technology have also been assessed in various dimensions. In the technology adoption 

literature, these user-specific aspects have been studied under several classifications. In 

the next chapters, this thesis examines these user-specific attributes of a technology in 

two spheres i) socio-economic aspects and ii) cognitive selection by the user/farmer. 

This chapter more specifically addresses the socio-economic aspects of the users and the 

implications that influence the technology adoption behaviour of rice farmers in Sri 

Lanka. The chapter begins with a literature review on technology adoption in an 

agricultural setting, and discusses how socio-economic factors have been instrumental 

in the economic performance of developing countries.  

 

Adoption of technologies generated in the research and development process is 

important for economies to follow their development strategies (Griffith et al., 2004). 

Economic development is essentially progressed with technological innovations. In 

developing countries, agricultural sector growth contributes significantly to economic 

development as agricultural sectors constitute an important role in these economies. For 

this reason, micro-level technology adoption in the agricultural sector has been 

emphasized in the extant literature on economic development.     

 

Studies that detail technology adoption at the sectoral level include investigations of the 

performance of technologies in agricultural sectors. Studies like those of Laxmi and 

Mishra (2007), Mendola (2007), Saha and Chattopadhyay (2006), Sheikh et al. (2003), 

and Villano et al. (2015) explain the technology adoption behaviour of farmers. The 
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discovery of agricultural technologies and their adoption have been identified as an 

engine of growth in agriculture (Eklund, 1983; Sunding & Zilberman, 2001; Thornton, 

1973). With rapid population growth and increasing demand for food, the need for 

adoption of novel technologies in agriculture has been emphasized to increase 

productivity (Cole, 2000; Devi et al., 2014; Diiro & Sam, 2015).  

 

Many studies have considered factors affecting technology adoption in agricultural 

setting (Ball, 2013; Bessen, 2002; Chen, 1983; D’Souza et al., 1993; Diiro & Sam, 

2015; Erenstein, 2006; Feder & Umali, 1993; Haggblade, 2007;Laxmi & Mishra, 2007; 

Nkonya et al., 1997; Tey & Brindal, 2012). Of the studies concerning macro-level 

factors that determine technology adoption, the majority have focused on the impact of 

R&D investment on technology adoption (Huisman & Kort, 2003; Sunding & 

Zilberman, 2001). Thus R&D investment has been viewed as a source of productivity 

growth in agriculture (Fan et al., 2008; Hagspiel et al., 2010). Moreover, Lahiri and 

Ratnasiri (2012) highlighted that persistent inequalities cause delays in technology 

adoption. These macro-level aspects of technology adoption have led to further 

investigation of relationships at the micro-level.  

 

The micro-level factors affecting technology adoption can broadly be grouped under 

four categories, i) human capital, ii) structural, ii) institutional, and iv) environmental 

(D’Souza et al., 1993). In the first category, the human capital characteristics involve 

mainly age and education level of the adopter which is expected to have a positive 

relationship with technology adoption (Koundouri et al., 2006; Mottaleb et al., 2015; 

Norris & Batie, 1987). Secondly, the structural component involves factors such as farm 

size, debts/asset ratio, and off-farm hired labour composition (Daberkow & McBride, 

2003; Eklund, 1983; Feder & O'Mara, 1981). Except for farm size, the structural 

variables are likely to be negatively associated with adoption decisions. Thirdly, the 

institutional characteristics mostly relate to government involvement and allied policy 

frameworks (Beintema & Stads, 2010; Gerpacio, 2003; Rauniyar & Goode, 1992). 

Fourthly, the environmental parameters, as discussed in the previous chapter, can have 

varying impacts on technology adoption, which is beyond the control of human capital. 

Of these four categories, the institutional factors representing government affiliation are 

the most appealing, as they can have economy-wide impacts in technology adoption 

situations. Hence, this chapter explores impacts of the public agricultural extension 

service in the technology adoption process in an agricultural background.         
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To this end, it has been discussed that extension services could potentially enhance 

adoption of technological innovations in agricultural production, thereby contributing to 

agricultural productivity growth (Anderson & Feder, 2004; Birkhaeuser et al., 1991; 

Dejene, 1989; Dinar & Keynan, 2001). The agricultural extension services, broadly 

defined, involve delivering the technical expertise, instructions and hands-on training 

from research to farmers (Anderson & Feder, 2004). The extension services educate 

farmers to make better decisions in farming that can improve farm profits. The 

technologies discovered at the research level are disseminated to the prospective users 

for effective adoption by the public or private sector organisations. Public provision of 

agricultural extension services is generally free of charge or has a nominal fee. 

Extension services provided by private sector are delivered in the form of commercial 

advisory service (Anderson & Feder, 2004; Dalton, 1980; Dinar, 1996; Mengal et al., 

2015; Rivera, 2011; Rivera & Zijp, 2002; Umali-Deininger, 1997). 

 

In the extant literature that analyses the technology adoption behaviour of farmers in 

response to information provided by extension service, Hussain et al. (1994) were the 

first to explore the relationship between the extension service and its impact on the 

technology adoption behaviour of farmers. They examined the impact of the 

information provided in the Training and Visit (T&V) system on the adoption of 

improved wheat technology and stated that T&V had improved the farmers’ knowledge 

and enhanced the adoption of the technology. Moreover, Sheikh et al. (2003) 

highlighted that the number of extension visits has a potential impact on the adoption of 

‘no-tillage’ technologies by farmers in Pakistan. 

 

There are few studies in the literature that explore the impact of extension services on 

technology adoption in different contexts (Ali & Rahut, 2013; Dejene, 1989; Feder & 

Slade, 1986; Feder et al., 1987; Feder et al., 1986; Hussain et al., 1994; Pan et al., 

2015). For example, using cost and benefits estimations, Feder and Slade (1986) 

explored the effect of the Training and Visit (T&V) extension system on farmers’ 

knowledge in the Hariyana state of India. They have found that the T&V system had led 

to rapid diffusion of knowledge in the area, resulting in productivity improvement in the 

wheat-paddy cropping system. A similar study by Tripp et al. (2005) examined the 

effect of Farmer Field Schools (FFS), a form of extension service, introduced to Sri 

Lankan rice farmers to disseminate principles of Integrated Pest Management (IPM). 

The implications were that, FFS influenced the reduction of insecticide use. Moreover, 
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Kalirajan (1984) identified that extension officials' contact caused technical efficiency 

improvements in Philippine’s rice farmers. Ali and Rahut (2013) also found that farmers 

in Pakistan who received agricultural extension services were getting higher yields. 

Furthermore, Pan et al. (2015) confirmed increased agricultural production, savings and 

wage income in Uganda’s women farmers due to extension services.  

 

With this background, the overall objective of this study is to explore how agricultural 

extension programs can affect technology adoption in a developing country, using Sri 

Lanka as a case study. Most of the agricultural technologies in Sri Lanka are generated 

at research centres and tested at farmer fields prior to release to a wider community. The 

technology generation process is followed by a sequential dissemination effort by 

extension agents. The technical information relevant to each technology is transferred to 

farmer level by an extension agent through trainings, demonstrations, or on-farm trials 

who communicate with research centres. This includes the systematic delivery of 

information to the farmer in the form of extension services. The service is provided to 

farmers via extension programmes. The leading extension service provider in Sri Lanka 

for producers is the public sector, while the private sector involvement is mainly for 

commercial purposes. The agricultural extension service provided to the farmers by the 

public sector is free of charge and is administered by the state Agrarian Services 

Department attached to the Ministry of Agriculture. A group of extension agents have 

been posted to different “Agrarian Services Centres” (ASC) located across the country 

representing different administrative districts. The extension agents at ASCs serve an 

assigned group of farmers. The farmers receive agricultural extension 

service/information via this extensive network managed by the public agricultural 

institutions.    

 

Currently, the realm of public provision of agricultural extension services is questioned 

and debated (Rivera & Alex, 2004). The public provision of extension services is free of 

charge and the receipt of extension service is independent of farmers’ income. Many 

studies have treated the extension service as an indirect input and have focused on crop 

yield/productivity improvement as the ultimate objective. However, this study 

particularly attempted to isolate the effect of the extension service provided by the 

public sector and explored its implications for R&D priorities in Sri Lanka. In 

particular, this study helps the effectiveness of public spending on extension 

programmes that enables policy makers to prioritize agricultural policies that foster 
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effective adoption of technological innovations (Feder et al., 2004; Nkonya et al., 1997). 

Moreover, the study adds unique findings to the literature on technology adoption 

behaviour by producing empirical evidence from a developing country scenario. 

Furthermore, this study contributes to the literature by reiterating the significance of 

extension and training service programmes as a direct motive for technology adoption 

by farmers.
7
 The data for this study were sourced from a cross sectional survey 

conducted in 2012 by the Department of Agriculture, Sri Lanka.   

 

From a methodological perspective, this study highlights the essential use of 

instruments in empirical estimations of farmers’ behaviour in technology adoption when 

endogeneity bias is present. The technology adoption decision of farmers, a binary 

variable was regressed with potential regressors adopted from past studies. The study 

adopted an instrumental variable (IV) approach to avoid the potential endogeneity bias 

often found in cross sectional studies. The extension service variable was identified as 

plausibly endogeneous in this study. It was assumed that the extension contact can be 

potentially correlated with the unobserved error term of the estimated model, and hence 

instrumented in the empirical estimation process (Angrist, 2001; Freedman & Sekhon, 

2010; Greene, 2012; Gujarati, 2015). 

 

5.2 Methodology 

 

This section details the empirical model estimation specified in the study and provides a 

description of selected rice technologies used to evaluate the technology adoption 

behaviour of farmers.  

 

The studies have shown that on many occasions, farmers’ choices related to adopting a 

certain technology are made from a limited number of possibilities (Adesina & Zinnah, 

1993; Hausman & Wise, 1978).  For example, studies that explore adoption behaviour 

often used a more simplistic discrete approach by identifying individuals either as 

‘adopters’ or ‘non-adopters’ (Villano et al., 2015). These studies have used binary 

choice models to measure the technology adoption.   

 

Adopted from the above studies, farmers’ choice in technology adoption that yields a 

binary decision is used in the analysis.  

                                                           
7
An article based on this study has accepted for publication in International Journal of Social Economics 
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iiii uXY  )()1Pr(         (5.1) 

 

Where Pr denotes the probability of technology adoption, (.) is the standard normal 

Cumulative Distribution Function, iX is a vector of regressors with kn matrices, i is 

1k  vector of unknown parameters to be estimated and iu is 1n residual error. The 

parameters were estimated via Maximum Likelihood method.  

 

When endogeneity is present, regression models produce biased and inconsistent 

estimates. Therefore, the Equation (5.1) is adjusted to correct endogeneity bias as 

follows.  

 

iiiiiii uXZZXY  )(),|1Pr(        (5.2) 

 

Traditionally, inclusion of an “instrument” ( iZ ) in the regression produces consistent 

and unbiased estimates, and an ideal instrument should possess certain properties 

(Gujarati, 2015). To be a good intrument, iZ  must satisfy three conditions: i) iZ  must 

be correlated with the stochastic variable [ 0),cov( ii ZX ], ii) iZ  should not correlate 

with the error term [ 0),cov( ii uZ ], and iii) iZ  should not belong to the original 

regression model as a regressor (Gujarati, 2015). The estimation of parameters in the 

instrumental variable (IV) approach involves two stages (2SLS, two-stage least squares) 

(Amemiya, 1974; Breusch et al., 1989; Mullahy, 1997). In the first stage, the suspected 

endogeneous stochastic variable is regressed on all the chosen instruments with the 

other regressors in the original model to derive estimates of the endogeneous regressor. 

In the second stage, the original regression is performed replacing the endogenous 

regressor by its estimated value from stage one (Gujarati, 2015). 

 

In this study, when technology adoption behaviour is regressed, the extension variable 

was identified as potentially endogenous. Therefore, average of the extension service 

variable by geographical area was used as the instrument in the regression. Extension 

service programmes are quasi-randomly assigned across Sri Lankan regions and the 

propensity to adopt a technology is a choice for the farmers. Hence the regional 

averages for each administrative region make suitable instruments. Therefore, the 

extension service variable in the probit model was replaced with an instrument, the 
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“average extension contacts”, across regions to correct the endogeneity biases in the 

estimates.  

 

The probability of technology adoption behaviour is expressed as a function of 

extension service and included several socio-economic variables as control variables. 

The model has the following form.  

 

),,,,,,,,,()1Pr( iiiiiiiiiii IrrOwnIncFsInvOccEduMaAgExtY    (5.3) 

 

Where, )Pr( iY  is the probability of technology adoption by thi  farmer that has a binary 

outcome.   

 

In terms of control variables, many studies have noted various socio-economic factors 

that can influence technology adoption by farmers, as discussed earlier in this chapter. 

Eklund (1983), Heisey and Mwangi (1996),Kalirajan (1984), Koundouri et al. (2006), 

Namara et al. (2003), and Rauniyar and Goode (1992) used extension contact in their 

adoption research. Ryan and Gross (1943) also showed that the adoption decision 

largely varies from farmer to farmer.  

 

Of the many socio-economic factors found to have an impact on the adoption of new 

practices, operator/farmer specific characteristics, such as age of farmer (Koundouri et 

al., 2006; Namara et al., 2003; Norris & Batie, 1987), level of education (Daberkow & 

McBride, 2003; Feder & Umali, 1993; Koundouri et al., 2006; Mottaleb et al., 2015; 

Namara et al., 2003; Norris & Batie, 1987),occupation (Norris & Batie, 1987), income 

status (Feder et al., 1985; Namara et al., 2003; Norris & Batie, 1987), and family size 

(Mottaleb et al., 2015; Namara et al., 2003) have been confirmed as having a large 

impact. In addition to farmer-specific characteristics, farmer-managed conditions, such 

as type of tenure (Daberkow & McBride, 2003; Eklund, 1983; Feder et al., 1985; 

Mottaleb et al., 2015; Namara et al., 2003) and irrigation supply of the farmland 

(Koundouri et al., 2006; Mottaleb et al., 2015) have also influenced the adoption 

decisions. Based on the above information, the following variables were selected as 

regressors in Equation 5.3 (Table 5.1).  

 

  



73 

 

Table 5.1: Explanatory variables of the model 

Variable 

Name 

Description 

iExt  Extension service received by farmer, measured in binary variable: 1 if received; 0 otherwise 

iAg  Age of the farmer, measured in years 

iMa  Gender of the farmer, measured in a binary variable: 1 if male; 0 otherwise 

iEdu  Education level of the farmer, measured in a categorical variable: lowest level is 1, if the 

farmer had primary education; highest is 5, if the farmer had tertiary education 

iOcc  Occupation of the farmer, measured in categorical variable: lowest is 1, if the respondent is a 

farmer; highest is 5, if government employed 

iInv  Level of involvement of the farmer, measured in a binary variable: 1 if full time; 0 otherwise 

iFs  Number of family members, measured in counts 

iInc  Average monthly income of the household, measured in a categorical variable: lowest is 1, if 

income is < 10,000; highest is 5, if income is > 50,000 

iOwn  Ownership of the land, measured in categorical variable: lowest is 1, if owned; highest is 3, if 

pawned 

iIrr  Irrigation mode, measured in a categorical variable: lowest is 1, if minor irrigation; highest is 

3, if rain-fed 

 

As specified in Equation (5.3), the relationship was estimated for eight different rice 

technologies using a probit model and the difference in the probability of adopting 

technology, with and without extension service, was calculated. For this purpose, 

Equation (5.3) was evaluated as the means of the other explanatory variables for two 

situations i) 1iExt ; ii) 0iExt . Thereafter, the resulting difference between )Pr( iY was 

calculated to isolate the probability of a farmer adopting a particular technology when 

an extension service is present. As in usual practice, marginal effects were computed to 

interpret the effects of changes in discrete explanatory variables, because coefficients in 

a binary choice model can only imply a latent probability (Verbeek, 2012).  

 

Data 

 

The study used a database of a cross sectional survey conducted by the Department of 

Agriculture, Sri Lanka in 2012 at Ampara, Mannar, Polonnaruwa, Kurunegala, 

Gampaha, and Kegalle, representing major rice producing administrative districts in Sri 

Lanka operated under irrigated and rain-fed conditions. The study sites represented 

three agro-climatic zones in the country, i) dry zone (Ampara, Mannar, Polonnaruwa), 

ii) intermediate zone (Kurunegala), and iii) wet zone (Gampaha, Kegalle). Rice farming 

was the primary income source of 76% of farmers in the sample; 80% cultivated under 

irrigated condition, while 20% were rain-fed farmers. Of the total, 80% were full-time 

farmers and 72% were male respondents.  
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The eight rice technologies were considered in two groups. Rice varieties were treated 

as the first group, and the associated rice technologies were grouped into the second. 

Rice varieties have adaptability to varying agro-ecological conditions. The suitability to 

different environmental conditions has been tested at different locations before the 

release of a specific variety. Studies have identified that with the introduction of NIV, 

the adoption of traditional and OIV have shown a declining trend (RRDI, 2013).  

 

The second group consists of technologies that can be divided into two main categories 

as agronomic practices and establishment methods. For agronomic practices, three 

technologies were identified: organic fertilizer, Leaf Colour Chart (LCC), and weeder. 

The crop establishment methods include zero tillage, seedling broadcasting, water 

seeding, and seeder. 

 

Given the above brief introduction to the selected technologies, Table 5.2 presents the 

technologies considered and their options evaluated in the study. The awareness of the 

rice technologies given in column two denotes the percentage of farmers who had prior 

knowledge of each technology. The percentage of farmers’ preference to adopt a given 

technology is given in column three while the percentage of farmers that were trained to 

use a given technology is given in column four. Column five describes the percentage of 

farmers who practiced a given technology. Accordingly, 67% of farmers had prior 

knowledge on improved rice varieties. Although 64% of farmers preferred to adopt rice 

varieties, only 35% have received training. Accordingly, the adoption rate of improved 

rice varieties was only 60%.    
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Table 5.2: Rice technologies and levels of awareness, preference and adoption 

Technology Awareness 

(%) 

Preference for 

Adoption (%) 

Training 

received (%) 

Adoption rate 

(%) 

Rice variety 67 64 35 60 

Organic fertilizer 73 57 47 54 

Seedling broadcasting   72 52 45 30 

Water seeding 35 28 30 21 

Weeder 43 27 19 17 

Seeder 40 27 18 11 

Zero tillage  25 21 10 10 

Leaf Colour Chart 15 24 11 6 

 

5.3 Results 

 

The results are given in two steps; results without instrumentation followed by the 

results with instrumentation. Table 5.3 illustrates the results of the probit model before 

the instrumentation and the coefficients are marginal effects. All the coefficients of the 

extension service variable ( iExt ) were positive and indicative of a high level of 

significance in the probability of technology adoption. Therefore, when all the 

technologies were considered, the results infer that the agricultural extension service 

programmes are significant explanators of technology adoption.   

 

The results further revealed that the probability of adopting rice varieties for those who 

received the extension service was 91%, while the probability was 23% for the farmers 

who had not received trainings via an extension service. The difference between the two 

scenarios showed that the farmers receiving an extension service were 68.58% more 

likely to adopt the technology, compared to those who did not receive an extension 

service.   

 

The results of the probit model with instrumental variable approach are presented in 

Table 5.4, and are similar to the results in Table 5.3. However, the impact seemed to be 

much stronger. In all the technologies, the extension service variable strongly and 

positively influenced the probability of adopting a technology. For instance, the 

probability of adopting rice varieties for the farmers who received an extension service 

was 96%, while it was 12% for those who did not receive an extension service. The 

results implied that, extension service has increased the probability of rice variety 

adoption by 84%, and the effects were more influential than the results without 

instrumentation. Compared to the other technologies, extension and training 

programmes have been very effective in promoting the adoption of rice varieties, 
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weeder, water seeding, and zero tillage technologies as the probability of adopting these 

technologies increased by more than 80% in the presence of extension service.  

 

In addition to the extension service variable, other socio-economic variables such as 

age, occupation, level of involvement, and income had a significant effect on 

technology adoption. When the farmer was a full-time farmer, the adoption of 

technologies such as zero tillage and of seeder increased. Income had a positive effect 

on the use of Leaf Colour Chart, as it needed some investment at the initial stage of use. 

Gender and education also positively influenced adoption in most of the technologies, 

implying that male farmers and educated farmers are more likely to adopt new 

technologies. 
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Table 5.3: Regression coefficients of probit model without instrumentation (Dependent variable: probability of adopting a technology) 

Variable 

 

Rice Variety 

 

Organic 

Fertilizer 

Leaf Colour 

Chart 

Weeder 

 

Seedling 

Broadcasting 

Water seeding 

 

Zero Tillage 

 

Seeder 

 

iExt  0.468*** 0.457*** 0.151*** 0.335*** 0.411*** 0.391*** 0.275*** 0.263*** 

 

(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) 

iAg  -0.001 -0.001 0.000 0.005*** -0.004** -0.001 -0.001 0.002 

 

(0.347) (0.612) (0.918) (0.000) (0.015) (0.453) (0.437) (0.121) 

iMa  0.012 0.082 -0.016 0.072 0.141** 0.071 -0.048 0.065 

 

(0.828) (0.164) (0.600) (0.188) (0.021) (0.195) (0.259) (0.188) 

iEdu  0.011 0.057** -0.001 0.026 0.033 0.004 -0.007 0.014 

 

(0.498) (0.002) (0.902) (0.068) (0.064) (0.837) (0.663) (0.287) 

iOcc  -0.043** -0.014 0.007 0.000 0.008 -0.021 0.039** 0.015 

 

(0.047) (0.511) (0.65) (0.999) (0.694) (0.365) (0.033) (0.401) 

iInv  -0.002 -0.094 -0.041 -0.044 -0.070 0.047 0.164** -0.106** 

 

(0.967) (0.083) (0.167) (0.258) (0.177) (0.333) (0.003) (0.014) 

iFs  0.006 0.007 -0.001 -0.009 -0.027 0.008 0.015 -0.002 

 

(0.610) (0.628) (0.852) (0.407) (0.054) (0.498) (0.158) (0.873) 

iInc  -0.005 -0.024 0.024** 0.002 -0.008 -0.015 -0.003 -0.006 

 

(0.804) (0.285) (0.005) (0.897) (0.706) (0.452) (0.853) (0.714) 

iOwn  -0.016 0.023 -0.001 0.041 0.066** 0.013 -0.002 0.004 

 

(0.570) (0.482) (0.955) (0.098) (0.030) (0.656) (0.926) (0.845) 

iIrr  -0.130*** -0.005 -0.026 -0.019 0.049 -0.064** -0.013 -0.032 

  (0.000) (0.886) (0.209) (0.473) (0.158) (0.040) (0.628) (0.206) 

LR 2Chi (10) 259.110 201.360 118.250 156.720 157.310 138.880 86.450 133.470 
2PseudoR  0.412 0.317 0.560 0.377 0.271 0.305 0.272 0.363 

2Pr Chiob   0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

N  457 461 421 445 458 433 419 448 
a
Probability; Extension=1 0.91 0.86 0.45 0.72 0.62 0.76 0.60 0.52 

Probability; Extension=0 0.23 0.25 0.01 0.06 0.10 0.11 0.06 0.04 

Difference (%) 68 61 44 66 52 65 54 48 

Note: Significant at *10% level, **5% level, ***1% level; 
a 

probability of technology adoption with and without extension service evaluated at the means of 

explanatory variables; p values in parentheses  
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Table 5.4: Regression coefficients of probit model with instrumentation (Dependent variable: probability of adopting a technology) 

Variable 

 

 

Rice 

Variety 

 

Organic 

Fertilizer 

 

Leaf Colour 

Chart 

 

Weeder 

 

 

Seedling 

Broadcasting 

 

Water 

seeding 

 

Zero 

Tillage 

 

Seeder 

 

 

iExt  0 .843***  0.500***   0.528** 0.886*** 0.637*** 0.856*** 0.805** 0.778*** 

 

(0.000) (0.000) (0.005) (0.000) (0.000) (0.000) (0.001) (0.000) 

iAg  -0.001 -0.001 -0.000 0.005** -0.004** 0.001 -0.001 0.001 

 

(0.516) (0.642) (0.886) (0.008) (0.018) (0.840) (0.335) (0.291) 

iMa  -0.041 0.130 -0.006 0.092 0.185** 0.127 -0.006 0.076 

 

(0.628) (0.138) (0.584) (0.219) (0.020) (0.068) (0.920) (0.167) 

iEdu  0.022 0.087** -0.001 0.006 0.035 0.021 -0.009 0.008 

 

(0.371) (0.002) (0.875) (0.764) (0.148) (0.340) (0.635) (0.577) 

iOcc  -0.023 -0.025 0.002 0.002 0.017 0.002 0.059* 0.018 

 

(0.535) (0.423) (0.672) (0.916) (0.524) (0.934) (0.013) (0.362) 

iInv  -0.001 -0.156 -0.016 -0.057 -0.082 -0.019 0.197** 0.106** 

 

(0.985) (0.058) (0.241) (0.289) (0.216) (0.769) (0.002) (0.023) 

iFs  -0.002 0.008 -0.001 -0.015 -0.034 0.011 0.018 0.001 

 

(0.900) (0.672) (0.872) (0.311) (0.058) (0.464) (0.151) (0.899) 

iInc  -0.047 -0.022 0.009 -0.028 -0.013 -0.036 -0.024 -0.015 

 

(0.149) (0.550) (0.080) (0.235) (0.651) (0.153) (0.303) (0.390) 

iOwn  -0.025 0.031 -0.001 0.024 0.081** 0.031 -0.010 0.002 

 

(0.557) (0.520) (0.898) (0.506) (0.045) (0.412) (0.749) (0.942) 

iIrr  -0.141** -0.039 -0.009 0.063 0.089 0.013 -0.006 -0.017 

 

(0.019) (0.524) (0.243) (0.127) (0.071) (0.798) (0.865) (0.550) 
2Chi  517.900 45.740 22.980 624.700 74.600 585.700 177.600 96.720 

2Pr Chiob   0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

N  457 461 421 445 458 433 419 448 
b
Probability; Extension=1 0.96 0.81 0.53 0.99 0.71 0.99 0.98 0.81 

Probability; Extension=0 0.12 0.31 0.01 0.10 0.08 0.14 0.08 0.03 

Difference (%) 84 50 52 89 63 85 90 78 

Note: Significant at *10% level, **5% level, ***1% level; 
b 

probability of technology adoption with and without extension service evaluated at the means of 

explanatory variables; p values in parentheses 
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In conclusion, the extension service variable was the most significant variable 

influencing technology adoption among the ten demographic variables considered. 

Hence the results have proven that within the socio-economic background, the public 

agricultural extension service programmes have a significant and positive influence in 

promoting the adoption of technologies by Sri Lankan rice farmers. 

 

5.4 Concluding remarks 

 

The study sought to explore the effect of public extension programmes on rice 

technology adoption using cross-sectional data from Sri Lanka, within a limited 

dependent variable context. The results suggested that the provision of public extension 

services has been the most influential factor for farmers to adopt rice technologies. For 

instance, extension service increased the probability of rice variety adoption by 84%. In 

addition to extension service, age, occupation, level of involvement and income had 

notable impacts on farmer adoption of technology.  

 

The capacity to deliver public extension services is often constrained in a developing 

country like Sri Lanka due to lack of investment and insufficient human capital. 

Therefore, findings of the study point to the policy implication that, investment 

decisions targeted at improving public extension service delivery and related 

infrastructure/institutional arrangements can enhance the adoption of rice technologies. 

This enhanced technology adoption in agriculture could lead to improved production 

efficiency of the rice sector. Therefore, provision of public agricultural extension 

service is likely to promote technological adoption that can lead to productivity growth 

in agriculture.  
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CHAPTER 6 - FARMER PERCEPTIONS OF RICE TECHNOLOGY 

ADOPTION 

 

6.1 Introduction 

 

The decision to adopt a technology is governed by user choice. A technology is 

expected to be adopted by the target beneficiaries after its invention but it is the choice 

of the end user that ultimately decides the viability of a technology. Hence, the user, in 

this thesis a farmer in an agricultural setting, plays a pivotal role in technology adoption. 

Identifying farmer perceptions with respect to technology assessment is useful for 

knowing what farmers expect from the technologies. From a macro-economic 

perspective, identifying what farmers require from agricultural technologies is important 

for defining sectoral research objectives. Economic goals of efficient production, as 

discussed in previous chapters, due to the adoption of technologies can only be realized 

if the personal goals of the individual farmers are fulfilled. Hence this chapter broadly 

analyses how farmers make decisions about adopting a technology, based on their 

evaluation of different attributes of the technology.  

 

The adoption decision of a technology that explains farmers’ behaviour is a “complex 

web of socio-economic and psychological variables which include both business goals 

as well as way of life decisions by the farmers” (Fairweather & Keating, 1994; Gasson, 

1973). Farmers’ cognitive decisions to adopt a technology are influenced by a 

combination of different technology/product attributes that have been evaluated in a 

variety of specific situations. Many of them have introduced models of farmers’ 

behaviour that derive empirical reasoning at different stages of the decision process 

(Willock et al., 1999). Herath et al. (1982) analysed farmers’ choice in selecting a crop 

variety confirming rational behaviour of a farmer in peasant agriculture. Furthermore, 

Polson and Spencer (1991) highlighted a qualitative choice model to explain the socio-

economic variables affecting the decisions of cassava farmers in Nigeria. This strand of 

the literature includes one branch of preference evaluation using choice experiments. 

However, a major challenge of these complex models is how to decompose a 

measurable and meaningful value to the choice/idea of the farmer.  
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Researchers involved in developing new agricultural technologies are increasingly 

relying on the perceptions of farmers in the lead up to releasing technologies. Many 

studies have identified varying aspects and determinants of technology adoption, which 

emphasise farm-specific and technology-specific characteristics (Ball, 2013; 

Richardson, 2009). Rogers (2003), for example, identified that technology adoption is a 

stepwise process. Byerlee and De Polanco (1986) highlighted that technology adoption 

works better as a sequential approach than a one-time decision. When there are various 

attributes attached to the technology, these attributes are perceived differently by the 

farmer and it is hard to choose the best technology, because in the utility maximizing 

scenario, the perception of an individual farmer is not essentially attributable (Rahman,  

2003).  

 

Few studies have analysed the effect of farmer perception and how the technology-

specific attributes can condition the adoption decisions by farmers (Adesina & Zinnah, 

1993). Farmers choose to adopt a new technology in place of an existing technology to 

avoid foreseeable risks in production. Studies have highlighted that farmers facing 

production uncertainty, such as water shortage conditions, often adopt new technologies 

to avoid risk and uncertainty (Barrett et al., 2004; Koundouri et al., 2006; Sherrick et al., 

2004). Moreover, they argue that the farmer’s human capital is of vital importance in 

making the adoption decision. Table 6.1 summarizes recent studies on technology 

adoption in which farmer perception is treated as the main area of study. 

 

Even though there is reasonable number of studies in the related literature, only one 

study, Dadabhau et al. (2015), has attempted to develop a measure to quantify farmer 

perception in the context of integrated farming systems in Maharashtra Pradesh, India. 

In the other studies, farmer perception is a secondary focus in the sense that the study 

explores the effect of farmer perception on certain adoption behaviour. Latent variables, 

specifically, perception dummies are quite common in this type of studies. However, to 

identify the overall farmer perception towards a given technology or to compare farmer 

perception of several technologies, these types of dummies will only provide some basic 

information. When a technology is associated with several attributes that enable 

variability in farmer perception, the current measures are not always sufficient.   
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Table 6.1: Past studies on farmer perception in agricultural technology adoption 

Author and year Country Method Findings/Argument 

Adesina and Zinnah  (1993) Sierra Leone Tobit model Farmer perception of the technology-specific characteristic attributes 

are major factors determining adoption of mangrove swamp rice 

varieties 

Ryder (1994) Central Cordillera of 

the Dominican 

Republic 

Percentages  Farmer recommendation with respect to rainfall, temperature, soil 

colour, drainage, texture and slope of mountain soils correspond to  

conventional wisdom 

Kiome and Stocking (1995)

  

Kenya Marginal Rate of Return, Net 

percent value 

Farmer opinion and rates of adoption of soil conservation measures 

closely matched 

Traoré et al. (1998) Quebec, Canada Two stage probit model The actual adoption of conservation practices by farmers is 

influenced by the extent to which they perceive environmental 

degradation to be a problem 

Negatu and Parikh (1999) Ethiopia Ordered probit model  Farmers' perception of grain yield and market ability of the product 

are the most important ingredients affecting adoption 

Marker et al. (2003) Nambia simultaneous equation Farmers perceived a locally present predatory pollution (Cheetahs) 

as pests and they are receptive to management proposals to mitigate 

damage 

Rahman, (2003) Bangladesh Tobit model Level and duration of modern agricultural technology adoption 

directly influence farmer awareness of adverse environmental effects 

Sinja et al. (2004) Kenya Tobit model Farmers’ perception of  two fodders had a significant impact on their 

adoption and before introducing a technology in an area, it is 

necessary to know that the farmers’ perception of the technology  

Zegeye et al. (2010) Ethiopia Percentages  Farmers have an awareness of soil degradation and knowledge of 

possible remedial measures and  farmers need motivation to adapt 

the introduced soil and water conservation technologies  

Guillem et al. (2012) Scotland Cluster analysis Farmer perceptions  inclined towards ecological and social issues, 

past farm strategies have demonstrated that farmers largely react to 

financial signals (e.g. input and output prices, support payments) 

Habiba et al. (2012) Bangladesh Descriptive statistics Farmers in irrigated and non-irrigated areas perceived a changed 

climate in recent years. They have identified that drought is the most 

prevalent disaster because of rainfall and temperature variation.  

Rakib et al. (2014) Bangladesh Percentages  Farmers perceived that temperature has increased and rainfall 

decreased due to environmental stress and over-extraction of water 

which exacerbates the impact of climate change. 
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Author and year Country Method Findings/Argument 

Okello et al. (2014) Tanzania Explanatory factor analysis Sweet potato growers have positive perception of its taste, yielding 

ability, disease resistance, storability and popularity of the orange 

colour and perceptions seem to be influenced by awareness and 

knowledge. 

Celio et al. (2014) Switzerland and United 

States 

Principal component analysis Part-time and full-time criteria had major explanatory power on 

farmer’s decision-making. In Switzerland, farmers were concerned 

about their land use responsibility and the USA farmers were 

relatively more influenced by ecology in agricultural decision 

making.  

Dossou-Aminon et al. (2014) Benin Descriptive statistics Farmers’ perceptions of climate variability were in line with 

meteorological data records. Moreover, they were able to 

recognize that temperatures had increased and several fluctuations 

were observed in the rainfall pattern. 

Duinen et al. (2015) Netherlands Risk  perception model Farmers’ risk perceptions are shaped by both rational and emotional 

factors 

Adam et al. (2015) Sudan Simple regression A significant correlation was observed between some actors’ 

socioeconomic characteristics and their perception of land use 

conflict as a ‘threat’ and as a ‘loss’ 

Banerjee (2015) India Content analysis The perceptions of the farmers were further corroborated with the 

meteorological data showing almost complete accuracy on the year 

of the climatic shocks. 

Dadabhau et al. (2015) India Scale construction based on 

Likert’s technique 

The high index score indicated that respondents had good perception 

about Integrated Farming Systems. 
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Therefore, this study develops a simple composite index which allows the aggregation 

of different attributes into one simple numerical term to express the farmer perception 

of a certain technology. The compound effect is a better indicator because the overall 

conception is accumulated and well-merged in to a common understanding which yields 

an in-depth interpretation (Negatu & Parikh, 1999). The current index can better 

interpret the outcome of farmer perception in the context of technology adoption. The 

index is used when a Likert’s scale is employed to collect information about various 

attributes of a technology.  

 

The index developed in this study is unique in that it enables easy interpretation of a 

large set of data either collected over time or over a cross-section. For example, the 

index ranges between -1 and +1 for a given technology, where positive numbers 

indicate that a large number of farmers prefer the technology. Negative numbers 

indicate a negatively perceived technology where a larger number of farmers do not 

prefer the technology.  

 

Farmers with indifferent responses are not accounted for indexing, as these responses do 

not carry information on positive or negative preference. This feature also enables the 

use of this index when a bench mark is set for collection/ranking responses. Given this 

context, the study applied the index to data from the Department of Agriculture to 

compare two rice cultivars that have been introduced to drought-prone areas in Sri 

Lanka with the purpose of testing adaptability to water scarce conditions.
8
 

 

6.2 Methodology 

 

Data and study site 

 

The study used data from a survey conducted in 2013 within the Kurunegala district of 

Sri Lanka, as a part of Green Super Rice (GSR) Project.
9
 In this project, two rice 

cultivars were identified as promising in terms of their adaptability to drought 

conditions.
10

 Of the abiotic stresses, drought spells or water shortage has been the most 

critical factor limiting yields of rain-fed rice in Asia (Pandey et al., 2000). Moreover, 

Pandey et al. (2007) further argue that designing an appropriate technology can mitigate 

                                                           
8
A cultivar is a variety of a plant that is maintained by cultivation 

9
A collaborative project between IRRI, Philippines and RRDI, Sri Lanka   

10
 Cultivar I is referred to as Bg 10-9024 and Cultivar II as Bg 10-9028 
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drought very effectively. The two rice cultivars were introduced to farmers and the 

study assessed the farmer perspective of these rice cultivars using the developed index. 

The index identified farmer perceptions based on drought-resist, agronomic and quality 

attributes of the rice variety.  

 

Attributes of the technologies 

 

The farmer perception of the cultivars was evaluated at a more disaggregated level by 

considering agronomic and grain quality characteristics selected after a focus group 

discussion (Table 6.2). Agronomic characteristics usually indicate the grower’s 

preference and the consumer view point is clearly depicted by the grain quality 

parameters (Cruz & Khush, 2000). The general farmer view of the two cultivars in 

terms of drought tolerance, cost of cultivation, self-recommendation and willingness to 

continue the cultivation, were tested separately.  

 

Table 6.2: Different attributes selected for the evaluation of farmer perception of the cultivars 

Attribute 

Agronomic Grain quality General 

Seed paddy requirement  Stickiness Drought tolerance  

Fertilizer requirement  Oily texture Continuity 

Crop water requirement Tenderness Cost of cultivation  

Resistance to Pests & Diseases  Keeping quality  Recommendation 

Weed density Characteristic flavour Preference 

Tillering capacity Aroma   

Shattering Appearance    

  Volume expansion    

  Grain breakage at milling   

  Length of grain   

Note: Attributes and levels were selected from a focus group discussion 

 

Of the agronomic characters, the requirement for seed paddy, fertilizer and water for 

crop establishment were compared between the cultivars. The crop protection ability of 

the cultivars was measured in terms of pest and disease resistance and weed density in 

the crop growth. Tillering capacity was regarded as an agronomic aspect as the number 

of tillers enhances the grain yield. The degree of shattering also determines the grain 

yield at harvesting and as such, minimal shattering is preferred as it reduces harvesting 

losses.  

 

The grain quality characters can be viewed at the time of cooking and milling. The 

cooking qualities vary depending on the different preference levels and on the 
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geographical area. In terms of the texture, either stickiness or oily texture is usually 

preferred. Cooked rice has varying degree of tenderness, keeping quality, flavour, 

aroma, appearance and volume expansion for which farmers have varying preference 

levels. Less breakage at milling results in high head grain percentage, which is a 

preferred attribute. Grain elongation is also an important attribute related to grain 

length, because long grains attract more consumers. 

 

Construction of the index 

 

For simplicity, first consider a single technology (cultivar) with j number of attributes 

(agronomical and grain quality characteristics). Responses were recorded against each 

attribute from a sample of respondents. For a given attribute, j, the i
th

 respondent’s 

Likert’s scale response was recorded as Xji.  The Likert scale points indicate the relative 

performance of the j
th

 attribute compared to that of a benchmark technology. The study 

uses only three points in the Likert’s scale from 1-3, where, 1 indicates that the j
th

 

attribute of the technology is inferior to the benchmark technology, 2 indicates that the 

j
th

 attribute of the technology is equal to the benchmark technology, and 3 indicates that 

performance of the j
th

 attribute of the technology is superior to the benchmark 

technology.
11

 

 

In the construction of the index, the study counted the total number responses when 

Xji>2 and denoted that by Nij
p
. Thus, Nj

p
 indicated the total number of positive responses 

recorded for the j
th

 attribute. Similarly, the total number negative responses were 

counted, Nj
np

 when Xji<2 for the j
th

 attribute. The study omitted the responses with Xji = 

2 as this denoted no difference in terms of the performance of the j
th

 attribute between   

the cultivar and the benchmark technology. 

 

The index for attribute j, jP  is given by,  

np

j

p

j

np

j

p

j

j
NN

NN
P




         (6.1) 

 

The values of the index range are 11  jP . If 0jP , the specific attribute has 

gained wide acceptance, i.e. the attribute is considered to be superior to that of the 

                                                           
11

The proposed index can be computed when Likert’s scale is extended further to accommodate various 

degrees of the responses, for example,1 being strongly negative, and 7 being strongly positive. 
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benchmark technology. If, however, 0jP , the attribute has scored negatively and the 

attribute is therefore inferior to that of the benchmark technology. If 1jP , this 

indicates that the attribute is highly undesirable and all the respondents in the sample 

have reported that the attribute is inferior relative to that of the benchmark. If 1jP , 

this indicates that the attribute is highly desirable and all respondents reported that the 

attribute is superior to the benchmark. To obtain the overall index for the technology, 

simple average of the jP s were calculated. 

 

The study considered two rice cultivars as two technologies and used an established rice 

variety as the benchmark technology.
12

 

 

6.3 Results 

 

Demographic profile of the sample 

 

All the respondents were males 62.5% were above 50 years old. Approximately 25% of 

the respondents have completed at least primary level education. Most of the farmers 

(67.5%) stated that farming was their primary occupation (32.5% part-time farmers). 

Those who had less than 10 years of farming experience were only 12.5%. 

 

Farmer perception towards varietal specific attributes  

 

The two rice cultivars were compared with the standard variety, and both the calculated 

indices for each attribute and an overall index for a group of attributes were recorded. 

Overall, a positive number indicates the technology was perceived positively (i.e. a 

large number of farmers prefer the technology). On the other hand, negative numbers 

indicate a negative perception of a technology. A zero-value indicted no difference in 

terms of perception between the technologies and the benchmark technology.  

 

Table 6.3 summarizes the average indices for each attribute category and the overall 

evaluation of the two cultivars. The results reveal that Cultivar II was preferred over 

Cultivar I as the overall average index scores were 0.56 and 0.32, respectively. The 

score of 0.56 for Cultivar II indicated that, with the exception of indifferent responses, 

                                                           
12

The benchmark variety is Bg 300 as in Sri Lankan nomenclature of rice varieties.  
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56% of all farmers in the sample perceived this technology positively. With respect to 

average index values of each attribute category, Cultivar II was the most preferred.  

 

Table 6.3: Average index for overall categories 

Average Index Cultivar I Cultivar II 

General attributes 0.26 0.62 

Agronomic attributes 0.62 0.81 

Grain quality attributes 0.09 0.26 

Overall average Index 0.32 0.56 

 

In terms of the general attributes presented in Table 6.4, the average index indicated that 

Cultivar II (0.62) is superior to Cultivar I (0.26). The negative scores with preference, 

continuity and recommendation indicate that the farmers are reluctant to continue with 

the cultivation of Cultivar I and would be highly unlikely to recommend the cultivar to a 

fellow farmer. Comparably, they would recommend Cultivar II. However, no difference 

was recorded in the cost of cultivation according to their perception and it was strongly 

perceived that the cost is lower for both cultivars, compared to the benchmark. 

Moreover, the drought tolerance ability of the two cultivars remained significantly 

above the standard variety.  

 

Table 6.4: Index for general attributes 

General Attributes Cultivar I Cultivar II 

Preference -0.33 0.00 

Continuity -0.29 0.48 

Recommendation -0.09 0.71 

Cost of cultivation  1.00 1.00 

Drought tolerance 1.00 0.90 

Average  0.26 0.62 

 

With respect to agronomic characters as depicted in Table 6.5, Cultivar I and II received 

an index value of 0.62 and 0.81, respectively. This indicates that farmers prefer Cultivar 

II over Cultivar I in terms of agronomic features. In a more disaggregated level, 

comparing each agronomic attribute of the two cultivars revealed positive scores with 

small differences. For example, with respect to attributes seed requirement, tillering 

capacity, weed infestation and shattering, Cultivar II was preferred. However, Cultivar I 

was preferred with respect to drought tolerance character. The index also shows that all 

farmers preferred both cultivars for pest and disease tolerance ability (index of 1). 
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Table 6.5: Index for agronomic attributes 

Agronomic Attributes Cultivar I Cultivar II 

Seed paddy requirement  0.24 0.67 

Fertilizer requirement  0.80 0.78 

Water requirement 0.92 0.89 

Tillering capacity 0.24 0.53 

Resistance to Pest & Diseases  1.00 1.00 

Weed density 0.33 1.00 

Shattering 0.81 0.82 

Average 0.62 0.81 

 

Table 6.6 highlights a significant difference in the grain quality aspects. Based on the 

selected attributes, on average, Cultivar II was preferred (0.26) to Cultivar I (0.09). The 

grain quality attribute was the least preferred attribute that led to lower adoption of the 

cultivars, particularly Cultivar I. Stickiness was an undesirable attribute in general rice 

consumption which was also an unrated attribute of Cultivar I with a score of -0.85. 

Both the cultivars had an oily texture which is an undesirable attribute leads to negative 

preference. With respect to tenderness, Cultivar I is superior to Cultivar II. The keeping 

quality is higher in Cultivar II. In terms of flavour, the two cultivars are superior to the 

standard variety, but similar in quality to each other. Cultivar IIhas a unique aroma 

similar to basmati type variety and was preferred by the farmers.
13

 The apprearance of 

the cooked rice in Cultivar IIscored the highest (score = 1.00) indicating much higher 

preference for Cultivar II. In terms of volume expansion, Cultivar II yielded more 

volume compared to Cultivar I, which is considered a good quality attribute among the 

consumers. The grain length of Cultivar I was more attractive, however the long grains 

tend to break at milling resulting in a lower head grain percentage. Therefore, Cultivar 

II was mostly preferred over Cultivar I, because the former tends to have lower 

breakage at milling.  

 

Table 6.6: Index for grain quality attributes 

Grain Quality Attributes Cultivar I Cultivar II 

Stickiness -0.85 0.20 

Oily texture -1.00 -1.00 

Tenderness 0.56 -0.43 

Keeping quality  -0.27 0.14 

Characteristic flavour 0.46 0.43 

Aroma  0.33 0.86 

Appearance  0.36 1.00 

Volume expansion  0.23 0.45 

Length of grain 1.00 0.67 

Grain breakage at milling 0.08 0.29 

Average 0.09 0.26 

 

                                                           
13

Basmati is a long grain rice type with unique aroma originally from India and Pakistan 
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Overall, Cultivar II is superior to Cultivar I with respect to general, agronomic and grain 

quality attributes. Hence the farmers will select Cultivar II over Cultivar I, based on the 

superior quality and rated performance. The underlining fact in this perception measure 

is that Cultivar II is superior in agronomic aspects - most significantly its drought 

tolerance ability which is highly valued by the farmers. However, certain grain quality 

attributes, such as stickiness, oily texture and keeping quality aspects have to be re-

visited to obtain a better understanding of farmer perception.  

 

6.4 Concluding remarks 

 

In the technology adoption literature, farmer perception is differentially attributable and 

few studies have explored the farmers’ viewpoint, before releasing and recommending a 

technology. The aim of this study was to investigate farmer perception of two 

technologies by developing a quantifiable measure. The study used data from a cross 

section survey conducted in Sri Lanka and developed a simple index for comparison of 

two rice technologies/cultivars. The results revealed that the rice Cultivar II is superior 

to Cultivar I with respect to most of the attributes associated with the cultivars. In 

particular, the agronomic and grain quality attributes were well perceived by the farmers 

for both the cultivars. The focal attribute of drought tolerance was also well ranked for 

both cultivars with a slightly higher value for Cultivar I. Overall, however, Cultivar I 

was seen to be inferior due to its low grain quality attributes as perceived by the 

farmers.  

 

The findings of this study will help research scientists and planners choose appropriate 

technologies in addition to flagging further research and development needs, 

particularly in agricultural sector. The study sheds light on the fact that the adoption of 

new rice technologies is prominently determined by farmers’ choice/perception. 

Therefore, it is preferable for recommendations in rice technologies to be accompanied 

by farmer’s feedback to maximize the foreseeable economic benefits from rice 

production. 

 

This chapter concludes the discussion of rice technologies, technical efficiency and 

technology adoption as outlined in each chapter of the thesis. The next chapter 

summarizes the conclusions and implications of the empirical findings in each chapter.  
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CHAPTER 7 - CONCLUSIONS AND POLICY IMPLICATIONS 

 

7.1 Introduction 

 

It is well accepted that technologies originating from research centres as a result of 

investment in R&D are important for productivity growth and subsequent efficiency 

gains in agriculture. The agriculture sector constitutes a major economic component of 

developing countries and the adoption of technologies has contributed to realizing 

returns on investments. The analysis of technologies and their contemporary value can 

help these developing economies achieve the intended productivity growth in 

agriculture. Starting with the Green Revolution, agricultural sectors used various 

technologies in their production processes targeted mainly at alleviating hunger and 

rural poverty.  

 

If a technology is to be sustained in its environment, it must be technically efficient and 

has to be adopted by the target beneficiaries. Scholars have analysed technologies and 

their adoption from different perspectives. In the literature, the analysis of technologies 

can be broadly viewed in two strands: technology-specific and user-specific attributes. 

This thesis aims to investigate both views focusing on i) technical efficiency and ii) 

technology adoption by end users. 

 

Sri Lanka is a good case study example for analysing these objectives, due to the 

country’s massive public investment in agricultural R&D. As a result of this 

government support and technological innovations, Sri Lanka has realized self-

sufficiency in rice production, which is the staple food crop for the nation.  

Furthermore, rice sector statistics are readily available because rice has been the main 

focus of the food crop sub-sector. Therefore, this research is focused on rice 

technologies, particularly the rice varieties that have been released and subsequently 

adopted by the farmers in Sri Lanka as a result of technological innovation.  

 

The central research question that this thesis seeks to address is how the rice sector in 

Sri Lanka has benefited from rice technologies in diverse production regions. The thesis 

focusses on five research objectives. First, is to explore the Sri Lankan rice sector and 

provide the reader with the current status of rice technology development in the country. 

Second, is to find out how these rice technologies have affected rice production and 
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technical efficiency of rice in Sri Lanka. Third, is to explore the impact of climatic 

variation on rice productivity and technical efficiency of rice, since the country’s rice 

production is entirely reliant on bi-modal rainfall distribution in Sri Lanka. Fourth, is to 

examine, factors that determine rice technology adoption, with emphasis on agricultural 

extension as a source of information influx at the farmer level. Finally, is to address 

how farmers perceive novel technologies when making an adoption decision for a 

specific technology. 

 

The previous chapters presented an in-depth analysis of the main research problem 

while addressing each research objective with empirical evidences. The purpose of this 

final chapter is to provide a synopsis of the research inferring possible policy outcomes 

from the studies. This final chapter includes four discussion topics. They are i) summary 

of the main empirical findings and concluding remarks, ii) policy implications based on 

the study, iii) directions for future research, and iv) limitations of the current study. The 

section 7.2 summarizes the empirical findings and concluding remarks in Chapter Two 

to Six while the section 7.3 outlines the policy implications derived from the study. The 

section 7.4 highlights the limitations and future directions arising from this study for 

further research. 

 

7.2 Main empirical findings and concluding remarks 

 

This thesis consists of seven chapters. The objective of the first chapter is to introduce 

the topic and to provide the reader with some background information to the preceding 

chapters. There are five research objectives discussed in the first chapter focusing on 

rice technologies in Sri Lanka and each objective is discussed in respective chapters. 

The summary of each chapter is given below.     

 

The review of background information in Chapter Two shows that rice varieties have 

been the leading rice technology in Sri Lanka while the associated rice technologies are 

still at the very introductory stage in adoption. Rice variety adoption in the country has 

been regionally specialized and seasonally determined. More rice varieties have been 

adopted by many subsistence scale farmers and fewer varieties have been adopted by a 

small number of large-scale farmers mainly for commercial purposes. The selection of 

rice varieties is therefore largely influenced by many socio-cultural and environmental 
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factors. This led to an explanation of the determining factors of rice technology 

adoption. 

 

Chapter Three presented technology-specific aspects, such as technical efficiency 

parameters and sources of inefficiency in relation to rice technologies currently adopted 

in Sri Lanka. This study estimated technical efficiency of rice varietal groups in diverse 

rice producing regions. The main technical efficiency analysis showed that the mean 

technical efficiency is 72% implying a 28% technical inefficiency. The study then 

explored possible sources of inefficiency and found a direct significant relationship 

between efficiency and type of technology, rice varietal group in this study. In terms of 

the age group of rice varieties, the efficiency increased with increasing crop length. 

However, the efficiency gains in this regard must be further evaluated with cost 

effectiveness of technologies, in addition to the input-output relationships. Hired labour, 

which is a skilled labour type, also contributed to increased efficiency while family 

labour tends to decrease technical efficiency.  

 

Chapter Four highlights that climate factors, mainly the rainfall and temperature, are the 

key contributory environmental parameters affecting the entire rice production of the 

country. This chapter examines the effect of climatic variation and how these variations 

impact on technical efficiency, which is the measurable outcome in rice technology 

evaluations. The chapter initially estimated an input-output relationship prior to 

simulation analysis. Thereafter, the yield change and efficiency loss under different 

temperature and rainfall scenarios were calculated. The results revealed that, a 

temperature rise of 4
o
C would bring about 10% efficiency loss with 30% yield drop 

compared to current levels. The rainfall variation alone does not reduce efficiency or 

yield substantially. However, the study identified that a temperature rise of 4
o
C in 

combination with rainfall change of 50% result in an approximately 30% yield drop.  

 

Chapter Five aimed to identify some of the explanatory factors determining rice 

technology adoption. The analysis was extended to explore the adoption level of rice 

varieties and the associated rice technologies in a farming context. The associated rice 

technologies include different establishment methods and various agronomic practices. 

As explanatory variables, different farmer-specific and technology-specific factors were 

considered. The findings revealed that agricultural extension services were the most 
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influential factor determining rice technology adoption. Age, gender, education and 

level of involvement by a farmer also influenced technology adoption. 

 

Chapter Six presents farmer concerns, especially their perceptions of technologies and 

the resulting adoption decisions. This study developed an index to evaluate two rice 

varieties/technologies based on farmer perception of different attributes relating to 

agronomic, grain quality and general aspects of rice technology. Evaluation results 

revealed that the second variety (Cultivar II) is preferred over the first variety.  

 

7.3 Policy implications of the study 

 

This thesis projects several policy implications for sustainable rice technology adoption 

in Sri Lanka. To realize the expected productivity growth generated from technological 

innovations for Sri Lanka, it is important to understand efficiency gains and adoption 

patterns of rice technologies. 

 

The study identified that, different rice producing regions in the country have varying 

technical efficiency levels. The dry zone regions have increased levels of technical 

efficiency in comparison to the wet zone. Hence an ideal practice for a commercial 

farmer would be to cultivate rice in a dry zone under hired labour management to gain 

maximum farm profits. A farmer would place an emphasis on hired labour against an 

opportunity cost of family labour, to maintain productivity and efficiency of the farm. 

Even though the ideal condition maximizes farm profits, the farm output can change 

substantially, since rice farming in Sri Lanka is highly vulnerable to changing climate. 

 

This thesis further highlights that rice production can have devastating effects from 

short term climatic variations specifically from intermittent drought spells. Therefore, 

R&D programmes in Sri Lanka should prioritise the development of rice varieties that 

can withstand or escape drought and develop associated technologies to overcome heat 

stress by the rice crop. Hence R&D investments in developing infrastructure for 

institutional strengthening would also be beneficial for current research programmes to 

better deliver rice production technologies.   

 

Even though the current institutional network plays a key role in convincing the farmer 

in the delivery of rice production technologies, the study emphasises that institutional 



95 

 

strengthening with inter-linked services of agricultural extension can expedite the 

technology diffusion process harnessing a wider adoption. Agencies that generate 

technologies can use this information to better implement their technology diffusion 

plans.  

 

The ultimate objective of a technology generation is the adoption of the same by target 

group, the famers in this scenario. Farmers, being the primary beneficiaries of rice 

technologies, eventually decide whether a technology is adopted or rejected. This thesis 

evaluated two rice varieties based on farmer perspectives prior to its release to the 

national system.  Breeders/researchers can use this information to assess the varieties 

being bred before introducing them for mass cultivation. This information can also 

advice authorities to avoid deregulation of varieties at a later stage due to farmer 

rejection. Implications suggest that, if a technology is to be adopted by the target users, 

field testing for potential outcome/viability has to be evaluated. 

 

7.4 Limitations and future research 

 

This thesis has several data deficiencies and limitations associated with the empirical 

models used. The data used in this research were mostly obtained from the Department 

of Agriculture Sri Lanka. The scope of the study was limited to the rice sector, because 

detailed data are mostly available for this sector. The study treated rice varieties as the 

key rice technology of concern, however, the same research can be extended to other 

rice technologies as well as other crop sectors to replicate the empirical models adopted 

in the study. 

 

The data used to estimate technical efficiency in Chapter Three has limited information 

on the socio-economic characteristics of the farming community. Therefore, the 

explanatory variables consisted only of farm inputs. In addition, the efficiency analysis 

was conducted on panel data as a pooled cross-section and hence the loss of time series 

properties was inevitable. The study undertook this approach due to a restriction in 

iterating a time varying stochastic frontier analysis in the STATA software. However, 

this has been minimized by introducing a time dummy as an explanatory variable. Since 

the technical efficiency estimations have not considered the time factor, the technical 

efficiency has been calculated using a simple input-output relationship in a time-

invariant scale. Therefore, the technical efficiency score for long-aged rice varieties was 
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greater than short-aged rice varieties. For instance, the study has identified rice varieties 

in 4 ½ month age group being the most efficient compared to 3 ½ month. If the time 

factor was considered, the 3 ½ month varieties could have been more efficient as it has a 

comparable yield to the 4 ½ month rice varieties.  

 

In Chapter Four, the weather data on rainfall and temperature obtained from the 

Department of Meteorology in Sri Lanka had missing data for certain locations leading 

to reduced sample size in the empirical analysis. Hence the computation was conducted 

only with the observations having complete data for climate and farm production. 

Moreover, the simulation exercise in this chapter was applied to few certain climatic 

scenarios using temperature and rainfall. This can be extended to include other climatic 

variables, such as relative humidity and day lengths where data are available.  

 

The data used to analyse adoption determinants of rice technologies in Chapter Five, 

included information on different rice technologies in addition to rice varieties. 

However, the data were sourced from a cross-sectional survey and thus the time varying 

effect on technology adoption could not be captured. This is a major drawback in the 

chapter since technology adoption involves a series of stages in the adoption process 

needing a time line of reference.  

 

Chapter Six, which involved assessing farmer perception of adopting a technology, 

involved only two rice varieties. This can be replicated to compare three or more 

technologies or technology packages as well as over different time scales. Even though 

the estimation articulates a simple index calculation, the objective was to measure 

farmer perception on a numerical scale.   

 

This thesis thus provides insights for potential research and further improvements for a 

widespread investigation on rice technology adoption. Overcoming these limitations, 

more robust results can be produced that will add to the technology adoption literature. 

The findings of this research will be helpful for technological innovators to orient new 

products/technologies in the market and to upgrade them for rapid adoption. From a 

macro-perspective, the study will enable government and private institutions to 

prioritize current agricultural policies in Sri Lanka that will enable sustainable economic 

growth preceded by viable technology adoption.  
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Appendix I: Rice varieties released in Sri Lanka, 1958-2013 

 

No Year of 

Release 
Release Name 

Duration 

(months) 
Area of Recommendation 

1 1958 H-4 4 – 4 ½ General cultivation 

2 1964 H-7 3 ½ General cultivation 

3 1966 H-8 4 - 4 ½ General cultivation 

4 1968 H-10 3 General cultivation 

5 1968 H-9 5 - 6 Mawee land 

6 1969 62-355 3 Rain-fed/Manawari 

7 1970 Bg 11-11 4 - 4 ½ General cultivation 

8 1971 Bg 34-6 3 ½ General cultivation 

9 1971 Bg 34-8 3 General cultivation 

10 1971 Ld 66 4 - 4 ½ Iron toxic soil and acidic soil 

11 1971 MI 273 4 - 4 ½ General cultivation 

12 1973 Bg 3-5 5 - 6 Mawee land 

13 1975 Bg 94-1 3 ½ General cultivation 

14 1975 Bg 90-2 4 - 4 ½ General cultivation 

15 1977 At 16 3 ½ Southern province 

16 1977 Bw 78 4 - 4 ½ Low country wet zone, Iron toxic soil 

17 1978 Bg 94-2 3 ½ General cultivation 

18 1979 Bg 276-5 3 General cultivation 

19 1979 Bw 100 4 - 4 ½ Low country wet zone, Iron toxic soil 

20 1980 Bg 379-2 4 - 4 ½ General cultivation 

21 1980 Bg 400-1 4 - 4 ½ General cultivation 

22 1981 Bg 750 2 ½ Low country intermediate zone 

23 1981 Bw 266-7 3 ½ Low country wet zone 

24 1981 Bw 267-3 3 ½ Low country wet zone, Iron toxic soil 

25 1981 Bw 272-6B 3 Low country wet zone (suitable for high 

organic soils- half bog and bog soils) 

26 1981 Bg 38 5 - 6 Mawee land 

27 1981 Bg 407 5 - 6 Mawee land 

28 1981 Bg 745 5 - 6 Mawee land 

29 1982 Bg 380 4 - 4 ½ Major irrigation in Dry and Intermediate 

zone 

30 1985 Bg 450 4 - 4 ½ General cultivation 

31 1986 Bg 350 3 ½ General cultivation 

32 1986 Bw 351 3 ½ High potential area (mineral soil) of Low 

country wet zone 

33 1987 Bg 300 3 General cultivation 

34 1987 Bg 301 3 Rain-fed – Dry & Intermediate zone 

35 1987 Bw  302 3 Wet zone 

36 1987 Bw 400 4 – 4 ½ Saline and acid soils 

37 1987 Bw 451 4 – 4 ½ Low country wet zone, saline soil 

38 1990 At 303 3 General cultivation 

39 1992 At 353 3 ½ Saline area 

40 1992 At 354 3 ½ Saline area 

41 1992 Bg 352 3 ½ General cultivation 

42 1992 At 401 4 – 4 ½ Costal saline area 

43 1992 At 402 4 – 4 ½ Southern province 

44 1992 Bw 452 4 – 4 ½ General cultivation 

45 1992 Bw 453 4 – 4 ½ Low country wet zone 

46 1993 Bg 304 3 General cultivation 

47 1993 Bg 403 4 – 4 ½ General cultivation 

48 1994 Ld 355 3 ½ Southern Province 

49 1994 Ld 356 3 ½ Kalutara and Galle districts 

50 1997 Bg 357 3 ½ Island wide cultivation 

51 1997 At 405 4 – 4 ½ Dry and Intermediate zone with assured 

supply of water 

52 1999 Bg 358 3 ½ General cultivation 

53 1999 Bg 359 3 ½ Wet Zone 
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No Year of 

Release 
Release Name 

Duration 

(months) 
Area of Recommendation 

54 1999 Bg 360 3 ½ General cultivation 

55 1999 Bg 305 3 General cultivation 

56 2002 At 362 3 ½ General cultivation 

57 2002 Bw 361 3 ½ General cultivation - tolerant to iron 

toxicity 

58 2003 Bw 363 3 ½ General cultivation - tolerant to iron 

toxicity 

59 2004 At 306 3 General cultivation 

60 2005 Bg 250 2 ½ Drought and flooded area (as escape) 

61 2005 At 307 3 General cultivation 

62 2005 Bg 406 4 - 4 ½ Northern region 

63 2005 Bg 407H 4 - 4 ½ High potential area (1
st
 hybrid variety) 

64 2005 Bg 454 4 - 4 ½ General cultivation with assured supply of 

water 

65 2006 Bw 364 3 ½ Wet zone - tolerant to iron toxicity 

66 2008 Ld 365 3 ½ Wet zone 

67 2008 At 308 3 General cultivation 

68 2009 Bg 366 3 ½ General cultivation 

69 2010 Ld 408 4 - 4 ½ General cultivation 

70 2011 Bw 367 3 ½ General cultivation - tolerant to iron 

toxicity 

71 2011 Ld 368 3 ½ Wet Zone 

72 2012 Bg 369 3 ½ Saline prone areas 

73 2013 Bg 370 3 ½ General cultivation 

74 2013 Ld 371 3 ½ Wet Zone 

75 2013 Bw 372 3 ½ Wet Zone - tolerant to iron toxicity 

76 2013 At 309 3  General cultivation - for rice based product 

Source: Rice Research and Development Institute, 2013 
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Appendix II: Specifications of indices 

 

Herfindahl Index ( HI ) 

 

The Herfindahl Index ( HI ) calculates diversity in rice varieties cultivated from 1979 - 

2012 separately for the national level and district level. The index is given by, 





N

i

iWHI
1

21         (I)

  

Where,

i

i
i

X

X
W


          (II) 

iX = Area of the thi variety 

iW = Proportionate area of the thi  variety 

N  = Total number of varieties  

 

The minimum value of HI  is 0 which indicates the least diversity. The maximum value 

is 1 and this indicates the highest diversity.  

 

Ogive Index (OI ) 

 

The study employs a modified version of the Ogive Index to compare the diversity in 

varieties cultivated with a benchmark. The benchmark is the equal spread of varieties in 

the total cultivated area (Wasylenko & Erickson, 1978).    

 

N

N
W

OI

N

i

i

/1

1

1
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         (III) 

 

In the above formula, N represents the total number of varieties cultivated in a cropping 

season in a region. As such, 1/N represents the expected land share for a single variety if 

all varieties are cultivated in equal extents. The notation iW represents the actual share 

of the i
th 

variety in total cultivated extent. For easy interpretation, the inverse of the 

above index (i.e. = OI/1 ) was used. Inverse Ogive index values range between 0 and 1, 

where 1 indicates wide diversity or lower specialization. Lower values of the index 
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indicate that there is minimum varietal diversity in cultivated rice. This implies that 

production is centred on a few varieties.   

 

Specialization Index ( SI ) 

 

The Specialization Index identifies the current varietal composition within each district.  

The index takes the following form.   

i

ij

R

R
SI           (IV) 

Where, 



ij

ij

ij
A

A
R  and 




i

i
i

A

A
R        (V) 

 

SI = Specialization Index of variety i  in region j  

ijR = Proportion of variety i  in harvested area in region j  

iR = Proportion of variety i  in harvested area of the whole region 

ijA = Harvested area of variety i  in region j  

iA = Harvested area of variety i  in the whole country 

 

The value of the index is a measure of specialization of the variety compared to the 

other varieties cultivated in the district. If SI is greater than 1, it indicates that the 

particular region is specialized in the respective variety. However, if SI =0, it indicates 

that the particular variety is not grown in the region.  

 

Instability Index ( InI ) 

 

The Instability Index measures the annual change in cultivated extent to examine the 

stability of cultivation with respect to each variety using the following formula. This 

index also estimates the stability across groups of varieties having different age classes.  

 

100)]/ln([ 1  tt AASDInI        (VI) 

 

Where, InI  refers to the Instability Index and SD  is the standard deviation. tA is the 

area cultivated of the variety at time t  whereas 1tA  is the area cultivated of the same 
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variety at time 1t . The magnitude of the index represents the percentage of instability 

and hence lower values indicate relative stability (Hossain et al., 2006).  For easy 

interpretation, the study transforms this index as follows so that higher values of the 

transformed index depict a greater stability.    

 

InITInI 1          (VII)  

 

TInI = Transformed instability index 
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Appendix III: Herfindahl Index and, Ogive Index for rice production in Sri Lanka 

from 1976-2012 

 

  Herfindahl Index (HI) Ogive Index (OI) 

Year   Yala  Maha Annual  Yala  Maha Annual 

1976 0.79 0.76 0.79 0.17 0.15 0.18 

1977 0.81 0.83 0.83 0.18 0.20 0.20 

1978 0.80 0.82 0.83 0.17 0.19 0.20 

1979 0.79 0.83 0.84 0.17 0.20 0.20 

1980 0.78 0.83 0.83 0.15 0.20 0.20 

1981 0.81 0.82 0.83 0.18 0.18 0.20 

1982 0.83 0.86 0.85 0.19 0.23 0.22 

1983 0.78 0.85 0.84 0.14 0.20 0.20 

1984 0.83 0.84 0.84 0.18 0.18 0.20 

1985 0.81 0.85 0.85 0.16 0.20 0.19 

1986 0.81 0.87 0.85 0.15 0.23 0.21 

1987 0.80 0.86 0.85 0.15 0.21 0.21 

1988 0.85 0.87 0.87 0.18 0.22 0.23 

1989 0.84 0.90 0.88 0.17 0.26 0.25 

1990 0.86 0.90 0.89 0.21 0.26 0.26 

1991 0.88 0.91 0.90 0.23 0.31 0.29 

1992 0.88 0.91 0.91 0.23 0.30 0.29 

1993 0.88 0.92 0.91 0.24 0.32 0.31 

1994 0.88 0.92 0.92 0.19 0.32 0.32 

1995 0.87 0.93 0.92 0.19 0.36 0.30 

1996 0.88 0.92 0.91 0.20 0.27 0.26 

1997 0.83 0.88 0.87 0.19 0.26 0.24 

1998 0.86 0.90 0.89 0.19 0.26 0.26 

1999 0.89 0.91 0.91 0.21 0.26 0.24 

2000 0.90 0.91 0.91 0.22 0.24 0.24 

2001 0.87 0.91 0.90 0.16 0.22 0.21 

2002 0.87 0.90 0.89 0.16 0.21 0.20 

2003 0.88 0.89 0.89 0.18 0.19 0.19 

2004 0.87 0.91 0.90 0.18 0.23 0.22 

2005 0.88 0.89 0.89 0.19 0.18 0.18 

2006 0.90 0.90 0.90 0.22 0.21 0.21 

2007 0.90 0.90 0.90 0.21 0.21 0.21 

2008 0.90 0.90 0.90 0.21 0.20 0.20 

2009 0.91 0.90 0.90 0.20 0.20 0.20 

2010 0.90 0.89 0.90 0.19 0.16 0.18 

2011 0.89 0.89 0.91 0.17 0.16 0.19 

2012 0.87 0.91 0.89 0.14 0.22 0.16 

Source: Author’s calculation 
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Appendix IV: District level Herfindahl Index 

 

District 06/07 

Maha 

07 

Yala 

07/08 

Maha 

08 

Yala 

08/09 

Maha 

09 

Yala 

09/10 

Maha 

10 

Yala 

10/11 

Maha 

11 

Yala 

11/12 

Maha 
Colombo 0.85 

 

0.79 

 

0.85 

 

0.83 

 

0.84 

 

0.83 

 

0.84 

 

0.83 - 0.84 0.84 

Gampaha 0.84 0.74 0.83 

 

0.76 

 

0.67 

 

0.77 

 

0.73 

 

0.77 0.79 0.71 0.77 

Kaluthara 0.78 

 

0.78 

 

0.76 

 

0.83 

 

0.85 

 

0.83 

 

0.84 

 

0.83 0.83 0.83 0.80 

Galle 0.79 

 

0.75 

 

0.78 

 

0.81 

 

0.83 

 

0.81 

 

0.82 

 

0.81 0.83 0.81 0.85 

Matara 0.87 

 

0.86 

 

0.87 

 

0.86 

 

0.85 

 

0.83 

 

0.84 

 

0.83 0.70 0.69 0.73 

Rathnapura 0.87 

 

0.87 

 

0.88 

 

0.90 

 

0.90 

 

0.90 

 

0.90 

 

0.90 

 

0.86 0.86 0.86 

Kegalle 0.85 

 

0.84 

 

0.82 

 

0.83 

 

0.82 

 

0.82 

 

0.82 

 

0.82 

 

0.84 0.75 0.82 

Kurunegala 0.75 

 

0.73 

 

0.77 0.74 

 

0.77 

 

0.78 

 

0.77 

 

0.78 

 

0.81 0.78 0.77 

Putthalama 0.63 

 

0.48 

 

0.70 

 

0.67 

 

0.76 

 

0.76 

 

0.77 

 

0.76 

 

0.77 0.70 0.72 

Kandy 0.79 0.80 

 

0.81 

 

0.70 

 

0.68 

 

0.57 

 

0.65 

 

0.57 

 

0.21 - 0.82 

Matale 0.84 

 

0.81 

 

0.85 

 

0.80 

 

0.83 

 

0.80 

 

0.83 

 

0.80 

 

0.84 0.83 0.79 

Nuwaraeliya 0.81 

 

0.82 

 

0.82 

 

0.80 

 

0.82 

 

0.80 

 

0.87 

 

0.80 

 

0.86 0.84 0.84 

Badulla 0.83 

 

0.74 

 

0.84 

 

0.77 

 

0.71 

 

0.77 

 

0.74 

 

0.77 

 

- 0.81 0.8 

Monaragala 0.76 

 

0.83 

 

0.77 

 

0.85 

 

0.82 

 

0.86 

 

0.83 

 

0.86 

 

0.81 0.84 0.55 

Jaffna 0.85 - 0.86 

 

- 0.78 

 

- 0.78 

 

- - - 0.66 

Kilinochchi 0.64 0.45 

 

0.60 

 

0.52 

 

- - - - 0.78 0.78 0.84 

Vavniya 0.87 

 

0.75 

 

0.90 

 

0.68 

 

0.80 

 

0.69 

 

0.80 

 

0.75 

 

0.89 0.71 0.89 

Mulaitivu  0.82 

 

0.54 

 

0.77 

 

0.67 

 

- - - 0.54 

 

- 0.99 0.85 

Mannar 0.70 

 

0.81 

 

0.79 

 

0.67 

 

0.86 

 

- 0.86 

 

0.81 

 

0.88 0.75 0.85 

Anuradhapura 0.72 

 

0.74 

 

0.75 

 

0.75 

 

0.75 

 

0.76 

 

0.75 

 

0.76 

 

- 0.76 0.79 

Polonnaruwa 0.84 

 

0.84 

 

0.86 

 

0.78 

 

0.86 

 

0.78 

 

0.84 

 

0.78 

 

0.83 - 0.78 

Trincomalee 0.79 

 

0.75 

 

0.77 

 

0.80 

 

0.77 

 

0.80 

 

0.79 

 

0.80 

 

0.86 0.82 0.86 

Baticcaloa 0.77 

 

0.78 

 

0.74 

 

0.78 

 

0.68 

 

0.78 

 

0.71 

 

0.78 

 

0.73 0.82 0.72 

Ampara 0.63 

 

0.53 

 

0.74 

 

0.68 

 

0.75 

 

0.68 

 

0.75 

 

0.68 

 

0.91 0.72 0.79 

Hambanthota 0.68 

 

0.73 

 

0.57 

 

0.51 

 

0.41 

 

0.58 

 

0.49 

 

0.58 

 

0.43 0.42 0.47 

Source: Author’s calculation 

Note:- Indicates missing data  
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Appendix V: Specialization Index for selected rice varieties 

 

Variet

y 

 

District 

 

Season 

06/07 

Maha 

07 

Yala 

07/08 

Maha 

08 

Yala 

08/09 

Maha 

09 

Yala 

09/10 

Maha 

10 

Yala 

10/11 

Maha 

11 

Yala 

11/12 

Maha 

12 

Yala 

Bg 

300 Puttalam 10.04 32.73 5.04 30.85 9.02 7.88 5.49 16.56 1.09 11.08 3.21 13.46 

 

Anuradhpura 12.41 9.24 11.94 5.39 12.46 3.15 6.27 6.64 - 9.88 8.27 7.21 

 

Kurunegala 7.85 6.46 6.09 5.58 5.98 3.71 4.43 7.95 0.17 3.42 7.20 7.63 

 

Batticaloa 2.61 5.57 2.62 1.16 4.95 1.47 4.01 3.31 0.08 4.59 3.85 - 

 

Ampara 5.06 5.01 8.92 1.04 6.88 1.10 3.25 2.89 0.05 0.73 2.68 - 

Bg 

352 Anuradhpura 10.87 11.29 7.64 4.03 6.52 2.65 3.69 5.72 - 6.09 5.45 6.59 

 

Trincomalee 5.76 13.15 8.47 6.76 8.14 5.41 6.78 12.56 0.11 2.19 1.92 1.47 

 

Polonnaruwa 3.31 4.76 3.61 5.28 3.36 5.13 3.80 12.88 0.49 

 

4.43 6.02 

 

Puttalam 3.28 10.01 3.52 14.41 9.82 4.32 4.39 9.31 1.09 6.21 2.39 8.81 

 

Matale 1.39 9.01 1.81 11.31 8.56 7.05 8.46 10.16 0.18 5.04 3.76 1.20 

Bg  

94-1 Ampara 56.25 97.89 43.07 34.22 30.95 33.11 23.43 82.78 71.86 48.02 36.79 - 

 

Batticaloa 19.06 10.34 15.30 17.62 26.51 17.13 24.30 36.64 216.78 12.62 20.89 - 

 

Matale 1.83 12.30 1.58 9.24 5.77 6.00 6.15 8.00 48.61 6.19 4.25 4.18 

 

Monaragala 0.71 1.62 2.01 1.75 2.98 1.35 2.56 2.83 27.53 - 0.55 - 

 

Hambantota 0.19 0.17 0.14 0.60 0.10 0.80 0.28 1.50 28.51 1.30 2.26 2.90 

Bw 

364 Matara 2.73 32.98 16.44 13.57 11.40 26.62 13.49 37.15 131.03 3.78 2.39 3.17 

 

Kalutara 5.91 1.98 0.17 0.82 0.81 0.54 1.32 0.87 13.80 0.00 2.73 2.60 

 

Galle 0.00 - - 0.00 1.16 - 0.93 0.00 69.95 6.39 5.78 2.82 

Ld 

356 Galle 8.04 2.01 3.65 2.65 5.27 2.82 7.07 2.70 68.46 6.79 6.79 5.84 

 

colombo 3.55 3.98 3.48 3.44 1.25 3.96 1.70 5.98 - 0.91 3.18 0.00 

 

Ratnapura 4.40 4.60 7.94 3.12 8.84 3.10 4.61 4.66 23.71 2.78 2.21 0.74 

 

Batticaloa 5.82 1.03 1.48 4.29 2.71 3.73 3.11 7.98 53.38 0.00 12.31 0.00 

At 362 Hambantota 33.51 25.85 23.64 35.25 19.28 24.63 17.80 46.12 299.65 13.96 19.77 7.51 

 

Udawalawa 13.31 14.22 12.46 9.43 18.73 8.48 9.11 18.58 - -- - - 

 

Galle 1.63 0.30 1.36 0.81 1.18 0.82 1.82 0.79 31.00 1.94 3.31 0.86 

 

Matara 1.06 8.64 2.74 3.06 2.50 5.38 2.91 7.45 49.62 6.49 3.63 5.22 

Source: Author’s calculation 

Note:- Indicates missing data  

 


