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PERCEPTIONS OF BEST MANAGEMENT PRACTICES ON 
THAI CITRUS FARMS AND THE DEVELOPMENT OF AN 

AGRI-ENVIRONMENTAL POLICY:  
 

A Case Study in the Ping River Basin, Thailand 
 

Wimolpat Bumbudsanpharoke 
 
 

EXECUTIVE SUMMARY  
 

The Ping river basin, one of the major tributaries in northern Thailand, is 
strategically interlinked with major waterways livening agricultural activities for 
centuries. The basin is considerably recognised as an area to be protected from 
potential water-consumption threats impacting downstream’s agricultural and 
industrial activities and residential areas. Over decades, economic expansion has 
changed the pattern of land use putting pressures on natural resources. One of the 
main concerns in the Ping river basin is a deterioration of water quality. Emissions 
from point sources, exemplified by large industrial facilities and communities, are 
regulated under command and control strategies. However, diffuse discharges from 
agricultural activities pose pervasive difficulties in management and policy design.  

The recent government report highlights citrus cultivation as the activity with 
a high application rate of chemicals, coupled with forest encroachment. Recognition 
of the significant of nonpoint source pollution problems has stimulated policy makers 
to promote Best Management Practices (BMPs) to control farm emissions at the 
watershed level. A number of agricultural economics studies have made policy 
recommendation based on an assumption that farmers are homogenous and make 
decision to maximise their well-being. However, there is a lack of research around 
behavioural responses to agri-environmental policy. As such, this study is tailored to 
employ contemporary interests of economic and behavioural principles in order to 
tackle the problem by understanding farmers’ perspective and serving correct 
requirements rather than traditionally campaigning policies without sound 
agreements.  

The main objective of this study is to consider psychological perspectives on 
farmer decision making in relation to BMP adoption. The study attempts to 
investigate beliefs that are associated with decision making, to understand subjectivity 
in conservation behaviour, to assess costs of various BMP, and to make relevant 
policy recommendations. Prior to the main analysis, a set of BMPs is defined. Twelve 
BMPs suitable for implementation in the Ping river basin are selected based on expert 
judgement. Two psychological theories, the Theory of Planned Behaviour and Q-
Methodology, are proposed to investigate farmers’ behavioural intentions and latent 
perceptions, respectively. Further, the economic analysis of BMP cost at farm level is 
conducted to investigate cost effects and adoption intention.  

Findings from the statistical analysis based on Theory of Planned Behaviour 
indicate that the probability of adopting BMPs is associated with contribution of 
family worker in farm workload, farm size, access to information sources other than 



 

governmental advisory service, and dependency on other crops. Other than farm 
environs and growers’ backgrounds, psychological factors also influence adoption 
decisions. These are the importance of customer and growers’ perceived farm return. 
The further results from Q-Methodology reveal four distinctive grower groups which 
hold relatively different perceptions toward BMPs, but still room to promote BMPs. 
These four groups are Conservationist, Traditionalist, Improvident, and Risk-averse. 
Lastly, the on-farm level cost analysis reveals three major cost components of various 
BMPs. The finding highlights the importance of costs particularly investment and 
land opportunity costs as potential barriers of BMP adoption.  

General advice for policy interventions is suggested based on the TPB 
findings. That is, salient beliefs and significant factors could serve as an attack point 
to induce adoption. In addition, farmers’ psychological segmentation in the Q study 
benefits in obtaining more specific policy instruments and potential recommendations. 
Economic and non-economic instruments are recommended to enhance BMP 
involvement of citrus growers. These are market-based incentive, marketing 
campaign, innovation dissemination, bureaucracy, and education. To call for 
government action, five recommendations are proposed. It is recommended that 
government should 

1) establish incentive systems in terms of both cash and in kind incentives 

2) raise consumer awareness toward eco-friendly product through launching a 
certified quality label 

3) diffuse scientific message to the broadest of all stakeholders 

4) implement on-farm demonstration project to transfer technology, and 

5) design more flexile enrolment system/ procedure to attract farmers 

The study then points out a challenge in policy effectiveness whether 
collaborative management and behavioural economics could be applied to encourage 
participation. Limitations of the study are discussed and recommendations for future 
research are descriptively outlined. 
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1.0 INTRODUCTION 

 

1.1 Citrus Production in the Ping River Basin 

The Ping river basin is the major watershed in northern Thailand (Figure 1). 
The basin is strategically important in terms of its upstream location, population 
density, economic integration, and as a cultural centre (de Bruijn et al. 2005; Thomas 
2006). The headwaters of the Ping river are in Chiang Dao district, Chiang Mai 
province. The Ping river basin is one of the four upper tributary basins forming the 
Chao Phraya river system which covers approximately 30% of the country’s area.  
The Ping river basin covers an area of 33,898 km2 and stretches from north of Chiang 
Mai province to Nakorn Sawan province in the central area of Thailand. The Ping 
river basin is divided into upper and lower portions at the Bhumibol Dam in Tak 
province. The upper Ping contains 15 sub-basins, while the lower portion comprises 
eight sub-basins.  

 

 
 

Figure 1. Ping river basin 

For a decade, cultivation patterns in the basin have shifted from paddy fields 
to perennial crops because of higher returns, relatively low labour intensity for 
orchard production and previous policies promoting monocrop plantation. Amongst 
the new horticultural practices carried out in the river basin, citrus is one of the most 
preferred classes of fruits grown. Moreover, citrus growers from the central area of 
Thailand are increasingly migrating to the Ping river basin to find new arable land. 
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Cultivated areas have expanded rapidly and become a source of nonpoint source 
pollution.  

Citrus cultivation has the highest average intensity of insecticide usage 
compared to other cash crops (Table 1). Excess application of chemicals such as 
fertiliser and hormones is also applied to boost yield and keep quality of citrus 
(Namruengsri 2005). Moreover, an encroachment of citrus farms into reserved forest 
areas causes forest loss and acceleration of soil erosion, which is as high as 7.77kg/m2 
per annum (Marod et al. 2005).  

Table 1. Average insecticide use in Thailand (by crops of economic importance) 

Crop Planted area (raia) 
% share of 
insecticide 

market 

Insecticide 
market volume 
(USD million) 

Average 
intensity of 

insecticide use 
(USD/rai) 

Rice 63,205,206.25  16  14.96  0.23  
Citrus 523,100.00  21  19.64  37.55  
Vegetable 500,662.50  18  16.83  33.61  
Cotton 369,481.25  8  7.48  20.22  
Soybeans 2,837,500.00  7  6.55  2.30  
Others 70,417,468.75  30  28.05  0.40  
Total 138,621,025.00  100  93.50  0.67  

Source: Jungbluth (1999) 
Note: (1) aThai area unit. 1 rai = 1,600 m2 

For these reasons the Ping river basin is susceptible to pollutant 
contamination, and prevention measures are thus needed to regulate the generation 
and discharge of pollutants into waterways. 

 

1.2 Agricultural Nonpoint Source Pollution and Policy Response 

Water pollutants are normally sorted into point and nonpoint sources (Peirce et 
al. 1998). Point source pollution, especially from industrial and urban wastewater, is 
regarded as a main source of water pollution. However, point source pollution has 
been under controlled through command and control strategies, and a construction of 
wastewater treatment plant in a critical prone area. Currently, challenges are presented 
by nonpoint source pollution (Xepapadeas 1995; Gunningham and Sinclair 2005; 
Segerson and Wu 2006).  

In agriculture, nonpoint source pollutants are normally discharged into surface 
water by land-based agricultural activities (Frost 1999), which are spread throughout a 
watershed. An incident is intermittent interval related to climatic condition in 
particular rainfall, and it is unlikely to monitor or control at the point of origin 
(Novotny 2003). Studies reveal that agricultural nonpoint source pollution can cause 
water quality degradation (Peirce et al. 1998). The nature of nonpoint source pollution 
requires that efficient regulation should focus on land-use activity, rather than end-of-
pipe control. Farm nonpoint source pollution is an externality that can be addressed 
using various forms of government regulation (Novotny 1998). Global experience 
suggests that there is a general regulatory preference for voluntary behavioural 
changes rather than more punitive measures or more administratively complex 
economic incentive measures (Woodhead et al. 2004; Segerson and Wu 2006; Yeager 
2007). 
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The emergence of pollution management policies in Thailand has increased in 
response to environmental conditionality linked to low interest loans from 
development agencies. The National Environmental Quality Act of 1992 applies laws 
and regulations for utilising environmental technologies (Akihisa 2008). Concern over 
nonpoint source pollution was publicly aired in the late 1990s (Tonmanee and 
Kanchanakool 1999). More recently, the Pollution Control Department considered the 
role of Best Management Practices (BMPs) as tools to control agricultural nonpoint 
source pollution at the watershed level (Water Quality Management Bureau 2006).  
As in many other countries, this regulatory agenda is highly contested by different 
groups of stakeholders.  The ensuing debate is not helped by an absence of a scientific 
evidence base specifically linking the emerging agricultural causes and impacts of 
nonpoint source pollution.  

In agriculture, BMP adoption is a common voluntary approach to tackle farm 
pollution (Campbell et al. 2004). But in the promotion and marketing of voluntary 
approaches there is often an implicit assumption that farmer behaviour towards 
adoption are homogenous. Moreover, there is a surprising lack of research around 
behavioural responses to environmental policy instruments (Shogren and Taylor 
2008), which suggests that more research needs to be focussed on identifying 
underlying attitudinal positions that may then explain alternative behavioural 
responses.      

 

1.3 Research Objectives 

This study aims to understand farmers’ attitudes toward voluntary adoption of 
BMPs to reduce agricultural water contamination and to protect watershed ecosystem 
degradation. An understanding of adoption intention and attitudes is important to 
improve the efficiency of policy design for controlling nonpoint source pollutions; 
specifically, through adoption of BMPs.  

BMPs are defined as management practices controlling the generation and 
pollutants into water resources or remediating or intercepting pollutants before they 
enter watercourses (US Environmental Protection Agency 2003).  

The general objectives of the study are to analyse adoption behaviours of 
farmers and to investigate factors and incentives that affect farmers’ attitudes towards 
adoption of BMPs, so that government agencies are likely to set an agri-
environmental policy that is compatible with farmers’ willingness and ability to 
develop any farm management. 

The specific objectives are:  

1. To investigate beliefs that are most influential for decisions about BMP 
uptake and to model adoption behaviours according to technology choices addressed 
in BMPs 

2. To understand farmers’ conservation behaviour and underlying 
determinants of behaviour  

3. To investigate cost structure of BMPs and determine how indicative cost 
affects farmers’ decision  

4. To make policy recommendations 
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1.4 Research Approach 

Policy makers are faced with at least three challenges. The first is how to 
investigate real information from stakeholders, and to understand the underlying logic 
that could result in adoption behaviour. The second is the factors that potentially 
affect willingness to adopt such policies. The third is how to translate what are really 
needed by stakeholder to development agencies.  

The study proposes two psychological methodologies, the Theory of Planned 
Behaviour (TPB) and Q-Methodology, together with an economic cost analysis of 
recommended BMPs in order to achieve the research objectives. First, an adoption 
model integrating the concept of TPB and an econometric analysis will be used to 
investigate significant factors influencing intention to adopt BMPs. Moreover, it is 
expected that this method could suggest major drivers and barriers in BMP uptake. 
Second, Q-Methodology is proposed to achieve the second objective. This method 
will help understanding farmers’ attitudes and identify the ways environmental issues 
are perceived. This is crucial for designing policies that have a chance of being 
sustainably implemented. Finally, cost of BMPs is analysed to investigate cost 
structures of BMPs and to determine whether farmers consider cost when making 
adoption decision. 

 

1.5 Report Structure 

The report contains six chapters (Figure 2). The first chapter gives an 
overview of the Ping river basin and its current state relevant to citrus production and 
water quality impairment. This is followed by research objectives and research 
approach. The second chapter reviews the research rationale and methodologies. This 
includes the role of BMPs in controlling nonpoint source pollution from agricultural 
activities, and descriptions of BMPs proposed in this study. This chapter also presents 
the importance of psychological theory as an alternative to understand the subjectivity 
of farmers. The third chapter is the analysis and results based on a modification of 
TPB and statistical analysis. The forth chapter is the study of subjective position 
based on farmers’ perception towards BMPs. The fifth chapter outlines an economic 
cost analysis of BMPs. The final chapter is a discussion based on farmers’ typology 
and adoption intentions. Policy recommendation is also presented. 
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Figure 2. Research outline 
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2.0 RESEARCH RATIONALE AND METHODOLOGY 

 

 This chapter gives an overview of the importance of BMP application at farm 
level, and presents the basis used to select the BMPs for analysis. It further illustrates 
shortfalls in the economic assumption regarding behavioural study, and indicates 
needs to incorporate an alternative of analytical approach for more effective policy 
interventions. Two psychological theories and an economic cost analysis of various 
BMPs are reviewed. 

 

2.1  Best Management Practices in Citrus Farms 

Improperly managed agricultural activities in citrus farms such as overuse of 
pesticides and nutrients, insufficient soil erosion control and inappropriate water 
resource management have substantially affected water quality (Tonmanee and 
Kanchanakool 1999; US Environmental Protection Agency 2000; PCD 2002; 
Namruengsri 2005; Marod et al. 2005). The emission of nonpoint source pollution is 
unobservable due to its characteristics. Therefore, the best alternative to control this 
pollution is to manage the source and delivery of pollutants by restricting them from 
contacting watercourses, or a source management approach (Loehr 1984). BMPs are 
farm-scale management practices to control the generation and delivery of pollutants 
into water resources. BMPs are widely introduced in order to intercept pollutants 
before entering watercourses. Concerns over nonpoint source pollution abatement to 
improve water quality have been gradually changed from programme-by-programme, 
source-by-source, and pollutant-by-pollutant methods to more holistic watershed-
based strategies (Helmer and Hespanhol 1997; Ioris 2004).   

A number of BMPs have been implemented in citrus farms (US 
Environmental Protection Agency 2000; Florida Department of Agriculture and 
Consumer Services 2004; Florida Department of Consumer Services 2005; Parsons 
and Boman 2006). To select the suitable practices for citrus farms in the Ping river 
basin, a matrix was first used to categorise BMPs. The criteria were adoption purpose 
(i.e. water resource management, erosion control and sediment management, pest 
management, and nutrient management), and functional categories (i.e. Good 
Husbandry, Vegetative Practice, and Structural Practice). Only 12 measures, 
potentially operated at a farm-level in the Ping river basin, were then selected based 
on expert judgement. The final 12 practices retained for the study are outlined in 
Table 2. 
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 Table 2. Descriptions of selected BMPs 

Good Husbandry 
Work load based on the daily work and personal responsibility of farmers. 
- Scheduling water 

structure 
Maintenance irrigation or watering structures during dry season.  

- Apply herbicide within tree 
canopy 

Apply herbicide or mow only within the canopy dripline of the tree. 

- Basic restrictions for 
pesticide application 

Keep record of all pesticide applied. This includes brand/ product 
name, total amount applied, target site/ location of application site, 
application time, and method of application. Also, maintenance and 
calibrate all spraying machines.  

- Soil analysis Test of organic matters and apply fertiliser, in particular organic 
fertiliser, to match with crops’ need. 

Vegetative Practice 
Need a regular interval of inspection in order to ensure proper functioning. 
- Vegetative cover Keep grass or vegetation cover on the soil surface in between tree 

line. 
- Mulching Use protective blanket of straw, residue, gravel or synthetic material 

on soil surface. 
- Vegetative buffer strip Buffer strips consisting of planted or naturally occurring vegetation, 

such as shrubs, trees, and plants are recommended for any cultivated 
land with less than a 45 degree slope. 

- Grassed waterway Construct grassed waterways, repair and reseed bare or eroded spots 
quickly. 

Structural Practices 
Mainly engineered control devices and systems requiring high amount of initial investment costs. 
- On-site retention storage Build of retention pond.  
- Terracing Create wide steps on a gentle gradient. This is recommended for 

cultivated land with more than 30 degree slope. 
- Permanent mix-load and 

sprayer wash-down site 
Build permanent station minimally consisting of a concrete 
containment pad with a collection sump, a water supply and a roof to 
minimise entry of wind-driven rain.  

- Riparian setbacks Establish distances, approximately 30 meter width, between natural 
watercourse and cultivated area. 

Sources:  
(1) US Environmental Protection Agency (2000) 
(2) Florida Department of Agriculture and Consumer Services (2004) 
(3) Florida Department of Consumer Services (2005)  
(4) Parsons and Boman (2006) 

 

2.2  Farmer’s Decision Making and Policy Intervention 

In traditional agriculture economics when it comes to economic decisions 
relevant to environmental policy, farmers are assumed to be profit maximisers who 
are rational and behave in a way to maximise their utility. A model normally explains 
the complexity of the social aspect of farm households such as biological and physical 
variables within one objective function. However, farmers’ decision is not driven only 
by profit maximisation. Rather, their behaviour is the consequence of a complex 
integration between socio-economic and psychological variables. The decision 
making process of farmers could not be merely modelled by mathematical methods 
traditionally used by agricultural economists (Willock et al. 1999), and the rational 
man assumption for environmental policy decision may not pertinent (Shogren and 
Taylor 2008).  

Several analytical approaches have been applied to agricultural economics to 
investigate farmers’ responses to policy initiatives (Burton 2004). Considerable 
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amount of research is conducted to understand the process of farmers’ decision 
making and the question of which factors influence an adoption of agri-environmental 
policy. Studies revealed that an inclusion of psychological variables into the adoption 
model of agri-environment schemes enables more predictive power (Edwards-Jones et 
al. 1998), and allows policy intervention to potential farmers (Sutton 1998).  

 

2.3 Roles of Social Psychological Theory in Farmer’s Decision Making 

Studies to understand individual behaviour towards environmental concern 
should equally combine cognitive variables and socio-demographic determinants (van 
Liere and Dunlap 1980). According to van Raaij (1981: 6), ‘a better integration of 
psychological variables in economic science will be reached when both economic and 
psychological variables are entered into a model, hypothesis, or theory’. As such, two 
social psychological theories, Theory of Planned Behaviour and Q-Methodology, are 
introduced into this study.  

2.3.1 Theory of Planned Behaviour  

In agricultural economics the most common feature to elicit farmers’ 
objectives is the use of self-report questionnaires (Garforth and Rehman 2005). TPB 
is incorporated into the economic framework of decision and behaviour in order to 
explain and predict complexity of farmers’ farm decision making. TPB is applicable 
when studied behaviour is voluntary and not bounded by prior commitment and where 
deliberated thought about performing choice is involved (East 1993).  

In response to policy intervention, research work has moved from descriptive 
to predictive models (Beedell and Rehman 2000). A number of studies apply TPB to 
assess farmers’ psychological settings toward an uptake of targeted policy. Rehman et 
al. (2007) developed questionnaire with psychological constructs to predict farmers’ 
intention to adopt new technologies on dairy farms. Hattam (2006) applied TPB to 
investigate psychological barriers to adoption of organic production in developing 
country. Fielding et al. (2005) used TPB as a framework to understand to what extent 
beliefs influence decisions to develop riparian zone management in farm, and van 
Gossum et al. (2005) applied TPB to find social referent encouraging farmers to adopt 
government policy of multifunctional forest management. In Thailand, TPB has been 
applied in many study fields such as information technology adoption (Tetiwat and 
Huff 2003; Kripanont 2007), clinical research (Saengcharoen et al. 2008), and 
recycling behaviour (Chaisamrej and Zimmerman 2009).  

TPB provides predictive advantages when modelling farmers’ behaviour in 
responding to policy decision making. Firstly, TPB provides understanding between 
attitudes and behaviour through the incorporation of additional variables from social 
psychology. This allows an analysis based on individual perspective. Secondly, it 
combines both qualitative and quantitative analyses to understand, and predict 
potential behaviour (Ajzen 1991). This combination of approaches lends depth and 
clarity to address decision making-related issues. 

2.3.2 Q-Methodology 

An application of social-psychology methods to improve understanding of 
farmers’ decision making is widespread (Garforth and Rehman 2005). Of many 
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methods, Q-Methodology is applied to uncover different patterns of thought, and 
better understand the concerns of farmers in relation to an adoption of conservation 
practices. Q-Methodology is a technique for studying human subjectivity (Stephenson 
1953). Originating in psychology research, the method has now been used in other 
disciplines including the fields of communication, political sciences, health sciences, 
and more recently, in ecological and environmental studies.  

Evidence from Q-Methodology is increasingly being used to inform policy 
decisions. Hall (2008) investigated farmers’ attitude towards Genetically Modified 
crops cultivation in Scotland. Davies and Hodge (2007) employed Q-Methodology to 
investigate the perceptual frameworks of a sample of UK arable and mixed lowland 
farmers regarding the appropriate way in which to approach the environmental 
management of agricultural land. Further applications have been undertaken by 
Barnes et al. (2007) who investigated farmer attitudes to Nitrate Vulnerable Zones 
regulation. Brodt et al. (2004) considered the adoption of biologically integrated 
agricultural practices from the perspective of almond and wine grape growers. Ellis et 
al. (2007) explored the nature of public acceptance of wind farms in Northern Ireland, 
and Kramer et al. (2003) focused on the reasons why some dairy producers in 
Uruguay had not participated in a registry system. In Thailand, the application of Q-
Methodology has been recently introduced in relation to policy perspectives of an 
epidemic disease (Brown and Wattanakul 2008).  

Q-Methodology offers several methodological advantages over other 
predictive multivariate analysis of behaviour or adoption.  The first is that Q-
Methodology is self-referent, and does not require pre-defined attitudinal variables. 
Rather it draws directly on discourse from the population studied, hence avoids 
researchers’ bias (Barnes et al. 2007). Secondly, the use of factor analysis in Q-
Methodology relies on a different approach to the typical R-Methodology use of 
factor analysis1. In Q-Methodology participants are the variables. They are correlated 
with each other to produce factors linking those who have similar attitudinal 
perspectives. In contrast, R-Methodology provides analysis based on differences 
amongst all participants for each variable such as age and gender, and there is no 
interaction between participants (Fairweather et al. 1998; Steelman and Maguire 
1999). The different philosophy in Q-Methodology provides an alternative lens 
through which to reveal preferences, values, and interests underlying the participants’ 
understanding related to the research topic (Durning and Brown 2006; Brown et al. 
2008). Lastly, a series of Q methodological steps comprise both quantitative and 
qualitative approaches. The combination of numerical analysis and qualitative 
interpretation combines statistical significance to clarity of attitudes (Barry and 
Proops 2000), and thereby increases the level of research reliability and validity 
(Furlong et al. 2000; Silverman 2006).  

 

2.4 Farm-Level Cost Analysis 

Current farm practices generate nonpoint source pollution and induce water 
quality deterioration. An introduction of BMPs is expected to produce positive 
externalities by controlling pollutant discharge. However, conservation practices are 

                                                 
1R-Methodology is a typical factor analysis method where researchers look for correlations amongst 
variables (i.e. personal traits such as age, gender, education, etc.) across a set of people.  
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often characterised by high up-front costs which could deter farmers’ adoption 
(Pannell et al. 2006). Knowledge about costs is thus critical given the limited 
resources available at the farm level. Further, in Thailand there is a lack of empirical 
data relating to cost study of conservation practices particularly BMPs recommended 
in citrus farm. Accordingly, this study offers an economic analysis of BMP costs. The 
objectives are to gain insights into economic clarity around costs, to compare the costs 
of various BMPs and to provide understanding about whether farmers make decision 
based on adoption costs. 
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3.0 OBSERVATION OF ADOPTION INTENTION 

 

This chapter aims to investigate grower’s intentions to adopt BMPs. The study 
is conducted based on the integration of TPB and econometric analysis. Firstly, the 
structure of TPB is explained, and followed by a proposition of farmer choice 
decision. Then, the constructions of both psychological and additional variables are 
described. The processes of questionnaire development and fieldwork administration 
are then outlined. The descriptive statistics of citrus growers are presented, and 
followed by the logistic regression analysis to determine significant variables 
explaining growers’ adoption intention. 

 

3.1 A Modification of Theory of Planned Behaviour  

TPB attempts to explain human behaviour. It postulates that a particular 
behaviour can be predicted from the intention to perform such behaviour. The 
intention can be predicted from three psychological constructs. These are attitude 
towards the behaviour, subjective norm about the behaviour and perceived 
behavioural control of the behaviour (Ajzen 1991; Ajzen 2006).   

3.1.1 Attitude  

Attitude is the overall positive and negative evaluation of performing the 
behaviour. It is a product of personal evaluation of the outcome associated with the 
behaviour (or outcome evaluation) indexed by personal perception about the 
consequence of the behaviour (or behavioural belief). It is hypothesised that the more 
favourable the attitude, the more likelihood for adoption.  

3.1.2 Subjective norm 

Subjective norm refers to personal perceptions of important others whether to 
perform the behaviour. It is a product of belief about how referent group would like 
an individual to behave (or normative belief) indexed by likelihood of compliance (or 
motivation to comply). It is hypothesised that the more favourable the subjective 
norm, the stronger an individual’s intention to perform the behaviour. 

3.1.3 Perceived behavioural control 

This is the degree in which an individual feels able to perform the behaviour. 
It is assumed to reflect past experiences and anticipated impediments. Perceived 
behavioural control is a product of belief about both situational and internal factors to 
control the behaviour (or control belief strength) indexed by perceived power of these 
factors (or control belief power). It is hypothesised that the greater the perceived 
behavioural control, the more likelihood for adoption.  

3.1.4 Behavioural intention 

According to TPB, intention is assumed to be a proximal measure of actual 
behaviour. Behaviour is determined based on an individual’s intention to perform or 
not perform an action (Ajzen 1991). Most of the TPB studies apply a multipoint scale 
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(i.e. 7-point scale) to measure a common dimension of intention (e.g. from scale of 1 
to 7, how likely do you think you will perform n activity?). The intention is 
conceptualised as a probability continuum, and further transformed into a 
dichotomous behaviour representing a YES/NO response. That is, intention and actual 
behaviour are assumed to have a linear relationship (i.e. the greater the intention, the 
greater the probability of actual behaviour performing) (Sutton 1998). This could 
cause a lack of correspondence because there is an unequal number of a scale 
category between the 7-point intention scale and the 2-point behaviour measure 
(Luzzi and Spencer 2008). Further, this could inevitably bring about an argument of 
how well intention can predict the actual behaviour with a considerable accuracy. 
According to Sutton (1998), intention can be treated as a dichotomous outcome 
variable which could allow the possibility of a better prediction for behaviour. A few 
TPB studies attempted to assess the link between intention and actual behaviour by 
defining intention in terms of a dichotomous dependent variable (Gabler and Jones 
2000; Fagan et al. 2008; Mayet and Niess 2008; Wauters et al. 2010).  

On a related point, actual behaviour is the result of competition amongst 
alternatives (Laroche and Sadokierski 1994), and behavioural intention can be better 
predicted when people are asked to consider relative distinctiveness amongst 
alternatives (Axelrod 1968). As such, a construction of more specific questions such 
as those giving choices and asking for selection, and an application of simulation are 
superior and can increase the probability of getting accurate responses (Ovans 1998). 
Similarly, a set of intention simulations imitating real situations could be a more valid 
proxy measure for actual behaviour, because it is more closely approximate condition 
that requires complex decisions (Francis et al. 2004). 

Taking into account the debate over nature of behavioural intention and 
former works relating to BMP adoption, twelve specific BMPs, each of which was 
encouraged by agronomist for reasons of practicality and suitability to the study area, 
were selected. These twelve BMPs became the basis of both the belief and 
behavioural sections of the questionnaire to study farmers’ adoption decision as a 
dichotomous choice. The next section describes a ranking process relating to adoption 
intention.  

3.1.5 Target, Action, Context and Time 

The studied behaviour is defined in terms of its Target, Action, Context, and 
Time (TACT). The TACT is stated directly at the beginning of the interview in order 
that all respondents are given the same situational condition. It is defined as follows: 

 If the government asks for voluntary adoption, consider the case of 
adopting activities that could reduce amount of pollutants discharged 
into watercourses in the next three years.  
(Carefully think about what you have just chosen as your favorite 
choices) 
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3.2 Rank-Ordering of the Alternatives 

According to Greiner et al. (2009), farmers will adopt an innovation if they 
expect that the practice helps them achieve their goals including social, economic and 
environmental goals. In other words, farmers decide which BMP to be adopted based 
on the anticipated consequences associated with that BMP. Throughout, this study 
assumes that each BMP possesses an inherent desirability and farmers determine how 
likely a particular BMP is to be preferred to another. This implication is based on the 
concept of transitivity of an individual’s preferences (Wu and Annis 2007), and this 
type of response is classified as sentiment where there is no veridical comparison2 
(Nunnally 1978). 

Assumption:  

Let    denote a permutation of the integers s which corresponds to a rank-
ordering of the alternatives. 

In particular,   sr   denotes alternative s receiving rank r.  

Thus, the complete rank-ordering is expressed as      m  21  

indicating that the alternative receiving the first-place vote,  1 , is preferred to the 

alternative receiving the second-place vote,  2 , and so forth. 

In this study twelve intention simulations, representing corresponding BMPs 
(refer to Table 2), were presented to participants. Each simulation comprises basic 
information, including implementation methods, relevant benefits from practice 
adoption, and cost components of each BMP. Both benefit and cost figures were not 
present to farmers because none of them are explicitly outlined. That is, in terms of 
benefits there is a limited reliable estimation related to science-based water quality 
improvement (Stanley 2000), while costs of BMP adoption tend to vary substantially 
by farm and even across farm fields within a single farm depending on many factors 
such as geography, climate, and farming practices. Further, for some BMPs the costs 
are difficult to quantify because of their indirect and highly variables implementation 
level (US Environmental Protection Agency 2004). Accordingly, at this stage farmers 
were asked to self-evaluate between ‘perceived benefits’ from and ‘perceived costs’ 
of BMP adoption. This process is in line with the discussion made by Lutz et al. 
(1994) in that farmers’ decision to invest in new technology is based on estimated net 
benefits and personal interest to do so.  

At this point adoption intention is designed as a dichotomous choice, adopt or 
not, leading to a discretionary behaviour. Empirical studies showed that more choices 
and more information could be overwhelming and led to a feeling of helplessness or 
reduced self-efficiency (Dawnay and Shah 2005). Thus, after presented 12 scenarios 
participants were asked to perform an evaluation to select only three BMPs that they 
want to adopt at their farm level. The selection criteria were personal like and dislike, 
personal need, the possibility for that practice to be implemented in their farm (i.e. 

                                                 
2 Two types of responses are judgment and sentiment. Judgment is used to cover all responses where 
there is some veridical comparison for the subject’s response, and it is possible to determine whether 
each response is correct (i.e. which of two is heavier?). On the other hand, sentiment is used to cover 
all responses concerning personal reaction, preferences, interests, attitudes, values, likes and dislikes, 
and there is no physical scale for sentiment.  
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practicality, adaptability, labour requirement, etc.), necessity, achievement or goal of 
farm management. These criteria were set to reflect constraints relating to adoption 
process. That is, farmers are asked to take account of possible outcomes and compare 
the new alternative with the old technology and to evaluate whether to adopt a new 
alternative (Guerin 1999).  

  The participants were then asked to interpret their three selected BMPs 
according to individual preference ranking (i.e. 1st, 2nd, and 3rd orders). Though the 
preference ranking amongst alternative discrete BMPs may not be the absolute test for 
behavioural intention, it could mean an initial predictor of some level of commitment. 
On a related point, arguments could arise when a multi-attribute measure granting a 
comparative judgment is applied. Participants are confronted with n possible 
solutions, but they are asked to choose only some amounts and the other alternatives 
contain blanks. This could be a case if participants are forced to respond. However, in 
this study participants had the right to refuse selection if they were not sure (i.e. 
farmers can select ‘no adoption’ for any order if they desire as long as it is reasonable 
and follows the selection criteria). This is in line with the foundation of TPB in that 
choices are voluntary and conscious with a considerate thinking about the 
consequences of adoption (East 1993).  

 

3.3 Construction of Psychological Variables 

3.3.1 Elicitation study 

A face-to-face interview was conducted in June 2007 with 17 citrus growers in 
the Ping river basin. These farmers were randomly selected from the list of registered 
farmers with Department of Agricultural Extension. Participants were presented with 
pictures illustrating effects from citrus production especially those on water quality, 
and then introduced to BMPs. Next, they were interviewed with 13 open-ended 
questions (Appendix A). Interviews were conducted in the local native language, and 
answers were written down verbatim. 

3.3.2 Content analysis 

Content analysis was conducted to determine ideas and themes from the 
responses (Gillham 2000; Fink 2003). Word and phrase were first defined and 
categorised into theme and sub-theme. Then, to be more specific, word and phase in 
each sub-theme were counted for how many times they appeared. Those with high 
frequency and contained meaningful information were retained and assigned as items 
in the questionnaire. The content analysis yielded 13 psychological variables. These 
are four attitude variables, four subjective norm variables, and five perceived 
behavioural control variables (Table 3). 
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Table 3. Psychological variables 

Variables Study Hypotheses 
Attitude variables  
 Reduced production cost + 
 Environmental protection + 
 Benefits gained from watershed services + 
 Greater commitment on farm management -a 
Subjective norm variables  
 Consumers + 
 Government + 
 Agricultural input retailer + 
 Neighbours + 
Perceived behavioural control variables  
 Affordable + 
 Return  + 
 Knowledge + 
 Farmer’s association + 
 Potential market + 

Note: 
(1) aThe study hypothesises negative association with adoption intention. However, for the ease of 

score computation and interpretation the negative item was reversed score.  

 

3.3.3 Psychological statements 

Thirteen variables were used to create a set of indirect measures to reflect both 
personal beliefs and personal evaluations of citrus growers. Moreover, a set of direct 
measures was added into the questionnaire. Indirect measure is a belief-based measure 
asking participants about specific beliefs and outcome evaluation while direct 
measure is an evaluative measure asking participants about overall attitude towards 
behaviour (Francis et al. 2004). A 7-point bipolar adjective scale was used to elicit 
grower’s adoption intention regarding attitude, subjective norm and perceived 
behavioural control. For indirect measure, the personal belief was scaled from 1 to 7 
while the personal evaluation was scaled from -3 to +3, and for the direct measure it 
was scaled from 1 to 7. Table 4 presents types of measure and numbers of 
corresponding questions as illustrated in section 2, Appendix B.  

Table 4. Types of measure and question numbers 

Type of measure Question number 

Direct measure  

Attitude 1 
Subjective norm 3-5, 25 
Perceived behavioural control 2, 6-8 

Indirect measure  

Attitude  
 Personal belief 9-12 
 Personal evaluation 18-21 
Subjective norm  
 Personal belief 22-26 
 Personal evaluation 27-30 
Perceived behavioural control  
 Personal belief 13-17 
 Personal evaluation 31-35 
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3.4 Additional Variables 

TPB originally postulates three elements (attitude, subjective norm and 
perceived behavioural control) explaining the behavioural intention. However, the 
model allows for an inclusion of other variables (Ajzen 1991, p. 199). The inclusion 
of additional variables into the model could increase the predictive power to actual 
behaviour (Fielding et al. 2008), and provide a theoretically coherence to results 
(Conner and Armitage 1998). Some research has shown that intention is better 
predicted when other factors are included alongside the traditional three variables 
(Cook et al. 2002; de Bruijn et al. 2005; Karppinen 2005). In the context of farmers’ 
decision making towards adoption of new agricultural technologies and policies, 
Edwards-Jones (2006) suggested that farmers’ decisions are influenced by a range of 
factors which is integrally formed of psychological and other socio-economic 
variables.  Accordingly, TPB model is extended by an inclusion of four additional 
variable sets (Figure 3). These four variable sets, which are socio-demographics of 
farmer, characteristics of the farm household, structure of the farm business and social 
milieu, and their hypothesized relationships with adoption intention are presented in 
Table 5. 

 

Figure 3. Extension of TPB Model 

Source: adapted from Ajzen (1991), and Edwards-Jones (2006) 

 

It should be noted that BMP cost is not included in the model. Basically, 
adoption intention can be explained by either classical microeconomic concept or 
social psychology concept. Behaviour of economic agents described by economic 
theory is based on normative concepts. That is, individual is assumed to be boundedly 
rationally maximise his utility. On the other hand, behaviour explained by social 
psychology follows a positive approach and relies on behavioural determinants as 
antecedents to individual’s intention (Dierks 2005). With this methodological 
incompatibility the introduction of cost into the TPB framework is uncertain, and thus 
cost is excluded from this model.  
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Table 5. Additional variables 

 

Variables References Modes of Technology Adoption Findings 
Study 

Hypotheses 
Socio-demographic of the farmers 

Age Rodriguez et al. (2008) 
Sriwichailamphan et al. (2008)  

Sustainable agricultural practices 
Good Agricultural Practices 

- 
- 

- 

Education level 
 

Rodriguez et al. (2008) 
Sheikh et al. (2003)  
Kerns and Kramer (1985)  
Ervin and Ervin (1982)  

Sustainable agricultural practices 
No-tillage practices 
Nonpoint source pollution control 
Soil conservation practices 

+ 
+ 
+ 
+ 

+ 

Gender 
 

Gillespie et al. (2007)  
Tenge et al. (2004)  
Adesina and Chianu (2002)  

Best Management Practices 
Soil and water conservation 
Alley farming technology 

+ (male) 
+ (female) 
- (female) 

n/a 

Characteristics of the farm household 
Dependence on other crops Gillespie et al. (2007)  

Fernandez-Cornejo et al. (1994)  
Best Management Practices 
Integrated Pest Management 

+ 
+ 

+ 

Past experiences in farming Nyaupane and Gillespie (2009)  
Ribaudo et al. (1999)  

Best Management Practices 
Nonpoint source pollution control 

+ 
- 

n/a 

Health condition Rahm and Huffman (1984)  Reduced tillage + + 
       

(continued) 
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Table 5. concluded 

 

Variables References Modes of Technology Adoption Findings 
Study 

Hypotheses 
Structures of the farm business 

Farm size Nyaupane and Gillespie (2009)  
Larsen et al. (2007). 
Beedell and Rehman (2000)  
Earle et al. (1979)  

Best Management Practices 
Best Management Practices 
Conservation behaviour 
Soil conservation 

- 
+ 
+ 
+ 

n/a 

Location Ribaudo et al. (1999) Nonpoint source pollution control Depend on 
type of 

technology 

n/a 

Any stream run through Rahelizatovo (2002)  
Nyaupane and Gillespie (2009)  
Gillespie et al. (2007)  

Best Management Practices 
Best Management Practices 
Best Management Practices 

+ 
- 
+ 

+ 

Soil type (i.e. natural fertility, drainage 
efficiency, erosion susceptibility) 

Zhou et al. (2008)  
Rahm and Huffman (1984)  

Water saving technology 
Reduced tillage 

- 
- 

- 

Contribution of family worker in farm activity Gillespie et al. (2007)  
Fernandez-Cornejo et al. (1994)  

Best Management Practices 
Integrated Pest Management 

+ 
+ 

+ 

Land ownership 
 

Herath and Takeya (2003)  
Nyaupane and Gillespie (2009)  

Intercropping 
Best Management Practices 

+ (owner) 
- (tenant) 

+ (owner) 

Household income Rodriguez et al. (2008) 
Gillespie et al. (2007)  
Ribaudo et al. (1999) 

Sustainable agricultural practices 
Best Management Practices 
Nonpoint source pollution control 

+ 
+ 
+ 

+ 

Household debt Oates (2005)  Good Agricultural Practices - - 
Social milieu 

Membership of farmers’ agricultural 
association 

Herath and Takeya (2003)  
Beedell and Rehman (2000)  

Intercropping 
Conservation behaviour 

+ 
+ 
 

+ 

Access into government advisory services 
 

Herath and Takeya (2003)  
Henning and Cardona (2000)  

Intercropping 
Best Management Practice 

+ (easy) 
+ (easy) 

+ (easy) 

Access into other sources of advisory services Gillespie et al. (2007)  
Traore et al. (1998) 
Feather and Cooper (1995)  

Best Management Practices 
Conservation practices 
Nonpoint source pollution control 

+ (easy) 
+ (easy) 
+ (easy) 

+ (easy) 
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Other two variables further included in this study are contribution of full-time 
worker and contribution of part-time worker in farm activity.  

Full time workers 

It is hypothesised in this study that the number of full time worker could 
influence an adoption of a particular practice. With high rate of full time worker in the 
field, it is expected that an adoption of time- and management- intensive technology 
increases. 

Part time workers 

It is hypothesised in this study that the potential for technology to conserve 
input-use, reduce cost, and provide economic benefits even in short run could create 
incentives for adoption even amongst farms with high rate of part time worker.  

 

3.5 Questionnaire Development 

3.5.1 First draft questionnaire  

The first draft questionnaire was constructed and included: 1) an open space 
for filling the most three preferable BMPs in priority order 2) a set of multipoint-scale 
questions including direct measures and indirect measures reflecting 13 psychological 
variables, and 3) a set of additional variables. 

3.5.2 Feedback from experts 

The first draft questionnaire was presented in ‘Integrating Conservation in the 
Upland Agriculture in Southeast Asia’, International Agroforestry Education 
Conference, 24-26 October 2007, Chiang Mai, Thailand, and in ‘The 28th Biannual 
Workshop’, held by the Economy and Environment Program for Southeast Asia, 13-
16 November 2007, Kuala Lumpur, Malaysia. Feedbacks from conference 
participants were taken into account. The questionnaire was rearranged to make its 
layout more clearly, and the question items were rephrased to make it more concise 
and understandable.  

3.5.3 Piloting the questionnaire 

Five participants were asked to complete the questionnaire and comment on 
the difficulty and clarity of the questions. A second draft was also written in 
consultation with a research team experienced in interviews with local people. 
Responses led to minor changes in wording and formatting (i.e. sequence and layout), 
and thus a final questionnaire was constructed (Appendix B).  
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3.6 Fieldwork Administration 

3.6.1 Sampling method and sample size calculation 

A simple random sampling scheme was applied for small- to medium- scale 
citrus grower households in the Ping river basin. This procedure gives each member 
of the population an equal chance of being chosen. The procedure is a sampling 
without replacement. That is, the sample that has been already selected will be 
excluded from the next selection (Newbold 1995). The question is how many sample 
observations are needed. According to Bartlett et al. (2001), the determination of 
sample size depends on which type of variables plays a primary role in data analysis. 
The construction of TPB questionnaire requires a multipoint scale measurement, 
which is classed as continuous data. Therefore, the continuous sample size formula 
was used as follows: 

   
 2

22

0
d

st
n


  

(Equation 1)

where; 

t  = value for selected alpha level of .025 in each tail = 1.96 (the alpha level of 
.05 indicates the level of risk the researcher is willing to take that true margin of error 
may exceed the acceptable margin of error) 

s = estimate of standard deviation in the population = 1.167 (estimate of 
variance deviation for seven-point scale calculated by using 7 [inclusive range of 
scale] divided by 6 [number of standard deviations that include almost all 
(approximately 98%) of the possible values in the range]) 

d = acceptable margin of error for mean being estimated = .21 (number of 
points on primary scale times acceptable margin of error; seven-point scale times 
acceptable margin of error of .03)   

There is a population of 439 households in upstream area and that of 1,163 
households in downstream area (Table 6).  
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Table 6. Sampling frame  

Provincesa Reported of cultivated 
districtb 

No. of Householdb Cultivation area (rai)b 

Upstream 

Chiang Mai 17 345 4,340 

Mae Hong Son 4 45 229 

Tak - - - 

Lam Pang 4 45 104 

Lam Phun 1 4 24 

Sub-total 26 439 4,697 

Downstream 

Kampangpeth 7 795 13,813 

Nakorn Sawan 3 368 5,122 

Sub-total 10 1,163 18,935 

Total 36 1,602 23,632 

Sources: 
(1) aderived from GIS data, Office of Project Management, Royal Irrigation Department, 2007 
(2) bDOAE Information Centre, Department of Agricultural Extension, 2007 

The required sample size for each area is: 

   
 

118
03.7

167.196.1
2

22

0 



n  

However, since this sample size exceeds 5% of the population (439  .05 = 
21.95, and 1,163 x .05 = 58.15), Cochran (1977) correction formula is used to 
calculate the final sample size.  

 
  populationn

n
n

/1 0

0
1 
  

(Equation 2)

where; 

Population size = 439 for upstream area and 1,163 for downstream area 

0n = required return sample size according to Cochran’s formula = 118 

1n = required return sample size because sample > 5% of population 

Un1 = the minimum returned sample size for upstream area = 93 

Dn1 = the minimum returned sample size for downstream area = 107  
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3.6.2 Data collection 

Sample size 

The survey were split into two periods. The first survey was conducted from 
December 2007 to January 2008. The second survey was from June to August 2008.  

The total sample size is 218 (13.61% of population). Of those, 126 are from 
upstream area and 92 are from downstream area. The numbers of interviews are 
shown in Table 7.  

Table 7. Sample distribution and interview achieved by area 

Provinces 
Target 

number of 
interviews 

Participants 
presented 

at the 
interview 

venue 

Unusable responses 

Interviews 
achieved Refuse to 

participate 
Incomplete 

answer 

Inconsistence 
in 

Psychological 
test 

Upstream 

Chiang Mai 70 87 1 1 2 83 

Mae Hong Son 10 12 - - 1 11 

Lam Pang 20 34 - 1 1 32 

Sub-total 100 133 1 2 4 126 

Downstream 

Kampangpeth 95 84 1 5 1 77 

Nakorn Sawan 20 17 2 - - 15 

Sub-total 115 101 3 5 1 92 

Total 215 234 4 7 5 218 

  

The target numbers in upstream area were 100 households. The appointments 
with citrus growers were made through the Tambon (sub-district) Administrative 
Organisations (TAOs) and agricultural extension agencies at district level. A total of 
133 participants presented at the interview venue. One participant refused to 
participate in the interview. Two participants gave incomplete answer about 
household income, and four participants gave answers that did not show consistencies 
in psychological section. Therefore, the interview with upstream farmers was 
achieved at a number of 126 households.  

 The target numbers in downstream area were 115 households. The 
appointments with citrus growers were also made through the TAOs and agricultural 
extension agencies at district level. A total of 101 participants presented at the 
interview venue, and this number was less than targeted. Further, three participants 
refused to complete the interviews. Five participants gave incomplete answers and 
one participant gave inconsistent answers in psychological section. Thus, the 
interview with downstream farmers was achieved at a number of 92 households. 
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Flow of information and tasks for participants 

A team leader gathered and led participants in the interview by firstly 
describing the role of watershed and its natural services. This was followed by a 
description of the impacts from nonpoint source pollution, possibly generated by 
citrus production. The scientific information regarding water quality in the Ping river 
basin, compared to other river basins nationwide, was also demonstrated to 
participants through a water quality map. Then, 12 BMPs were demonstrated to 
participants. Illustrations are presented in Appendix C.  Participants were informed 
that they were free to ask the research team any questions before, during and after the 
survey.  

Task 1: Adoption intention and rank-ordering 

Participants were presented with pictures of 12 BMPs together with 
implementation details and expected benefits from adoption. Then, they were asked to 
make decision on whether to adopt that technique in their farm. Provided behaviour is 
voluntary and conscious, a considerable alternative is selected based on the 
anticipated consequences (i.e. need satisfaction, goal achievement) that provide 
positive consequences, and avoid negative outcomes (Olson and Reynolds 2001). It is 
at this stage that participants were asked to select only three BMPs that they want to 
experience at their farms. Next, participants were asked to rank these three BMPs in 
priority order.   

Task 2: Personal interview 

Participants who have already selected their three practices were interviewed 
personally by an enumerator. First, they were interviewed about their background 
such as demographic data. Then, they were asked to complete a set of multipoint-
scale questions reflecting psychological variables. Participants with literacy ability 
were asked to complete this section by themselves. However, an enumerator was 
provided to respond promptly if difficulties arose. Participants who were unable to 
read were assisted by an enumerator.  

Management of communication  

Misunderstanding could happen during the flow of information. On one hand, 
a message from the research team could confuse and mislead participants, and cause 
them to act in unintended ways (Whittington 2004). Moreover, a warm-glow effect 
(Andreoni 1990)3 could be inspired because citrus growers were asked about 
hypothetical outcomes. One attempt to reduce the bias in hypothetical commitment is 
a cheap talk script (Cummings and Taylor 1999; Carlsson et al. 2005). Participants 
were informed that the study will be used solely for the purpose of research, that the 
results will be made available to policy maker and it is important that participants 
should consider this when answering, and that their answers will be confidentially 
treated. A serious response is likely when participants are reminded of the 
consequences of their actions (Bulte et al. 2005).   
                                                 
3 When people make donations to privately provided public goods, there may be other factors (i.e. to 
win prestige, respect, friendship, to avoid scorn, to receive social acclaim) influencing their decision 
other than altruism.   
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On the other hand, a message from the participants to the research team was 
filtered through the enumerators. Thus, prior to the fieldwork, enumerators were 
trained (see more from: Whittington 2002) to ensure that they understood the 
objective of the survey and basic technical aspects contained in the 12 intention 
simulations. Further, pairs of enumerators role-played an entire questionnaire in front 
of the group of the survey team. They then discussed the mock interview and any 
problems that arose. The team leader stepped in to assist and guide on how to handle 
particular problems. It is expected that during the survey all enumerators are able to 
respond in a knowledgeable and informed manner. 

Ethical consideration 

In the course of fieldwork, participants were notified of aims, methods, 
anticipated benefits and potential hazards of the research. They were informed of the 
voluntary nature of interview and their right to refuse to be interviewed or to 
terminate interviews in progress.  

 

 3.7 Descriptive Statistics 

3.7.1 Characteristics of citrus growers 

The statistical analysis includes 218 citrus growers of which 126 (57.80%) are 
from upstream area and 92 (42.20%) are from downstream area. The characteristics of 
sample are presented in Table 8. 

Table 8. Characteristics of citrus growers 

Variables 
Upstream Downstream Overall 

(n=126) (%) (n=92) (%) (n=218) (%) 

Socio-demographics of farmer 

 Age (years)       

  Less than 30  19 15.08 3 3.26 22 10.09 

  30.1 - 40 23 18.25 25 27.17 48 22.02 

  40.1 - 50 32 25.40 28 30.43 60 27.52 

  50.1 - 60 30 23.81 26 28.26 56 25.69 

  More than 60 22 17.46 10 10.87 32 14.68 

  Mean (S.D.) 47.11(13.89) 47.20(10.59) 41.15(12.57) 

 Education level       

  Less than high school 77 61.11 55 59.78 132 60.55 

  High school and over 49 38.89 37 40.22 86 39.45 

 Gender       

  Male 90 71.43 68 73.91 158 72.48 

    Female 36 28.57 24 26.09 60 27.52 

       (continued) 
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Table 8. continued 

Variables 
Upstream Downstream Overall 

(n=126) (%) (n=92) (%) (n=218) (%) 

Characteristics of the farm household 

 Farm experiences (years)       

  Less than 15 91 72.22 83 90.22 174 79.82 

  15 or over 35 27.78 9 9.78 44 20.18 

  Mean (S.D.) 11.96(10.18) 8.43(8.85) 10.47(9.78) 

 Dependency of other crops       

  Yes 103 81.75 60 65.22 163 74.77 

  No 23 18.25 32 34.78 55 25.23 

 Health problem retarding farming activities     

  Yes 21 16.67 30 32.61 51 23.39 

    No 105 83.33 62 67.39 167 76.61 

Structures of the farm business 

 Land ownership       

  Own land 103 81.75 79 85.87 182 83.49 

  Under others 23 18.25 13 14.13 36 16.51 

 Farm size (rais)       

  Less than or equal 5 42 33.33 4 4.35 46 21.10 

  5.01 - 10 39 30.95 28 30.43 67 30.73 

  10.01 - 20 24 19.05 27 29.35 51 23.39 

  20.01 - 50 13 10.32 18 19.57 31 14.22 

  More than 50 8 6.35 15 16.30 23 10.55 

  Mean (S.D.) 16.94(28.80) 39.41(97.54) 26.42(67.76) 

 Location of farm       

  Upstream 126 100.00  0.00 126 57.80 

  Downstream  0.00 92 100.00 92 42.20 

 Farm resource endowments       

 - Stream       

  Yes 75 59.52 80 86.96 155 71.10 

  No 51 40.48 12 13.04 63 28.90 

 - Soil type       

  Clay 22 17.46 42 45.65 64 29.36 

  Loam 30 23.81 6 6.52 36 16.51 

  Sandy and others 74 58.73 44 47.83 118 54.13 

(continued) 
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Table 8. concluded 

Variables 
Upstream Downstream Overall 

(n=126) (%) (n=92) (%) (n=218) (%) 

 Labour management in farm workload       

 - Contribution of family worker (%)      

  Less than or equal 50 83 65.87 79 85.87 162 74.31 

  More than 50 43 34.13 13 14.13 56 25.69 

 - Contribution of part time worker (%)      

  Less than or equal 50 58 46.03 29 31.52 87 39.91 

  More than 50 68 53.97 63 68.48 131 60.09 

 - Contribution of full time worker (%)      

  Less than or equal 50 126 100.00 91 98.91 217 99.54 

  More than 50 0 0.00 1 1.09 1 0.46 

 Household income (THB/rai)       

  Less than median value 47 37.30 62 67.39 109 50.00 

  Equal or more than median value 79 62.70 30 32.61 109 50.00 

  Mean (S.D.) 

33,046.69 
(51,936.17) 

16,614.47 
(22,780.67) 

26,111.99 
(42,866.96) 

  Median value   13,166.67 

 Household debt (THB/rai)       

  Less than median value 82 65.08 26 28.26 108 49.54 

  Equal or more than median value 44 34.92 66 71.74 110 50.46 

  Mean (S.D.) 

21,073.93 
(41,554.99) 

42,652.72 
(79,785.92) 

30,180.57 
(61,468.20) 

    Median value   12,000.00 

Social milieu 

 Membership of farmer association      

  Yes 66 52.38 70 76.09 136 62.39 

  No 60 47.62 22 23.91 82 37.61 

 Access to government advisory services      

  No need for services 40 31.75 45 48.91 85 38.99 

  Easy or not so difficult 50 39.68 34 36.96 84 38.53 

  Difficult or not so easy 36 28.57 13 14.13 49 22.48 

 Access to other advisory services      

  No need for services 26 20.63 1 1.09 27 12.39 

  Easy or not so difficult 97 76.98 86 93.48 183 83.94 

    Difficult or not so easy 3 2.38 5 5.43 8 3.67 

 

Socio-demographic of farmer 

The average age of upstream growers is 47.11 years and that of downstream 
growers is 47.20 years. Both have an education level less than high school and one-
third of them are male. 
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Characteristics of the farm household 

On average, growers in upstream area have longer experience in farming than 
those in downstream area. Almost grower depends on other cash crops, and indicates 
no health problems after starting citrus farming.  

Structure of the farm business 

Most of grower is a land owner. The average farm size of upstream growers is 
16.94 rais, and that of downstream growers is 39.41 rais. Most of the farm is situated 
by the stream or having stream running through. Soil type in upstream area is 
typically sandy and others, while that in downstream area are proportionately clay and 
sandy and others. Overall, farm workload mainly relies on part-time workers. The 
average income per rai of upstream growers is higher than downstream growers, 
while the average debt per rai of upstream growers is lower than downstream growers. 

Social milieu 

Overall, almost grower is a member of farmer association. There is not much 
complaint about difficulty to access either government advisory services or other 
sources of information.  

Descriptive statistics of growers’ psychological characteristics are illustrated 
in Table 9. A direct measure was scaled from 1 to 7, while an indirect measure was a 
summated scale and was derived from personal belief score (ranged from 1 to 7) 
weighted by personal evaluation score (ranged from -3 to +3). Thus, for the indirect 
measure the lowest summated score is -21 (i.e. 7 times -3), and the highest summated 
score is +21 (i.e. 7 times +3). For both measures the higher the score, the more likely 
the adoption intention.  

Table 9. Psychological characteristics of citrus growers 

Variables 
Upstream (n = 126) Downstream (n= 92) Overall (n = 218) 

Mean (S.D.) Mean (S.D.) Mean (S.D.) 

Direct measures       

Attitudes       

Overall adopting BMPs is BAD(1a) vs. GOOD 
(7) 

4.14 2.57 2.64 2.15 3.51 2.51 

Overall adopting BMPs is WORTHLESS(1) vs. 
USEFUL(7) 

6.06 1.61 6.29 1.20 6.16 1.45 

Overall, adopting BMPs is the WRONG thing 
to do(1) vs. RIGHT thing to do(7) 

4.16 2.50 2.74 2.16 3.56 2.46 

Overall, adopting BMPs is UNPLEASANT(1) 
vs. PLEASANT(7) for me 

4.21 2.47 2.76 2.14 3.60 2.44 

     (continued) 
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Table 9. concluded 
 

Variables 
Upstream (n = 126) Downstream (n= 92) Overall (n = 218) 

Mean (S.D.) Mean (S.D.) Mean (S.D.) 

Subjective norms       

Important people think that I should  NOT(1) 
vs. SHOULD(7) adopt BMPs 

3.79 2.46 4.99 2.25 4.29 2.44 

It is expected for me that I should adopt BMPs, 
DISAGREE(1) vs. AGREE(7) 

5.52 1.67 5.66 1.76 5.58 1.70 

I feel under social pressure to adopt BMPs, 
DISAGREE(1) vs. AGREE(7) 

4.91 2.07 4.66 2.16 4.81 2.11 

Important people want me to adopt BMPs, 
DISAGREE(1) vs. AGREE(7) 

5.54 1.75 5.45 1.81 5.50 1.77 

Perceived behavioural control       

I am confident that I could adopt BMPs if I 
want to, DISAGREE(1) vs. AGREE(7) 

5.80 1.56 5.95 1.49 5.86 1.53 

For me, to adopt BMPs is DIFFICULT(1) vs. 
EASY(7) 

4.43 2.06 3.88 1.73 4.20 1.95 

The decision to adopt BMPs is beyond my 
controlb,  AGREE(1) vs. DISAGREE(7) 

4.45 2.30 4.16 2.25 4.33 2.28 

Adopt BMPs or not is entirely up to me, 
DISAGREE(1) vs. AGREE(7) 

4.38 2.39 5.46 1.92 4.83 2.26 

Indirect measuresc       

Attitudes       

Reduced production cost 12.63 (7.87) 13.11 (8.41) 12.83 (8.09) 

Environmental protection 17.22 (5.97) 17.65 (5.80) 17.40 (5.88) 

Watershed services gained 15.36 (7.33) 16.27 (6.48) 15.74 (6.98) 

Greater commitmentb 4.40 (8.66) 0.88 (8.94) 2.91 (8.92) 

Subjective norms       

Consumers 13.22 (8.82) 13.28 (9.52) 13.25 (9.10) 

Government 12.00 (8.26) 11.50 (9.7) 11.79 (8.88) 

Agricultural supply retailer 4.35 (9.82) 4.72 (9.63) 4.50 (9.72) 

Neighbours 5.81 (10.22) 4.64 (9.99) 5.32 (10.12) 

Perceived behavioural control       

Affordable 10.94 (7.93) 8.95 (10.22) 10.10 (9.00) 

Return 7.17 (6.98) 5.41 (8.36) 6.43 (7.62) 

Knowledge 10.17 (8.41) 8.96 (8.61) 9.66 (8.50) 

Farmer association 9.47 (10.57) 7.45 (10.92) 8.61 (10.74) 

Potential market 11.14 (9.75) 9.87 (9.65) 10.61 (9.71) 

Note: 
(1) aNumber represents score 
(2) bThe negative item was reversed score 
(3) cIndirect measure score is ranged from -21.00 to +21.00 
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Provided the higher the score the more likely adoption intention. In general, 
upstream growers hold more positively attitudes toward BMPs uptake than 
downstream growers. Upstream growers view the adoption as more ‘good’, ‘right’, 
‘pleasant’ and ‘useful’ than downstream growers (Figure 4). Both groups are 
influenced by important referents. However, upstream growers appear less influenced 
by important referents (Figure 5). Both are confident in their ability to adopt BMPs, 
but display uncertainty from a adoption. Further, downstream growers perceive 
difficulty of performing the adoption (Figure 6).   

 

Figure 4. Mean of attitude direct measures by location 

 

 

 

Figure 5. Mean of subjective norm direct measures by location 
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Figure 6. Mean of perceived behavioural control direct measures by location 

Means of indirect measures are illustrated in Figure 7. Overall, growers favour 
towards attitude that BMP adoption could enhance environmental protection. This is 
followed by attitude towards gained watershed services, reduced production costs and 
perceived greater commitment. 

 

 

Figure 7. Mean of indirect measures 
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Of all the social referents, consumers are the most important influences when 
growers make adoption decision. This is followed by state government, neighbour and 
agricultural supply retailer. The strongest perceived facilitator to experience BMPs is 
potential market. This is followed by affordability, knowledge, farmer association and 
perceived return. 

3.7.2 BMP selection 

Overall, Good Husbandry is the functional category most preferred by both 
upstream and downstream growers (72.02%). This is followed by structural practice 
(16.97%) and vegetative practice (11.01%). Of all the practices, the most selected 
adoption choice is soil analysis for which more than one-third of growers vote 
(35.32%). Additionally, it is the adoption choice highly voted by both grower groups 
(35.71% for upstream growers and 34.78% for downstream growers). Details are 
presented in Table 10. 

Table 10. Selection of BMPs 

Practices 
Upstream Downstream Overall 

(n=126) % Order (n=92) % Order (n=218) % Order 

Good Husbandry   

Scheduling water structure 10 7.94 4 25 27.17 2 35 16.06 2 
Apply herbicide within tree 
canopy 

20 15.87 2 6 6.52 6 26 11.93 
3 

Basic restrictions for pesticide 
application 

16 12.70 3 3 3.26 8 19 8.72 
5 

Soil analysis 45 35.71 1 32 34.78 1 77 35.32 1 
Total 91 72.22  66 71.74  157 72.02  

Vegetative Practices   
Vegetative cover 6 4.76 7 6 6.52 6 12 5.50 7 
Mulching 4 3.17 8 7 7.61 4 11 5.05 8 
Vegetative buffer strip - - 12 - - 12 - - 12 
Grassed waterway 1 .79 10 - - 12 1 .46 10 
Total 11 8.73  13 14.13  24 11.01  

Structural Practices   

On-site retention storage 11 8.73 6 3 3.26 8 14 6.42 6 
Terracing 2 1.59 9 - - 12 2 .92 9 
Permanent mix-load and sprayer 
wash-down site 

11 8.73 6 10 10.87 3 21 9.63 
4 

Riparian setbacks - - 12 - - 12 - - 12 

Total 24 19.05  13 14.13  37 16.97  

 

3.8 Comparative Differences  

Evidences from the above analyses suggest that farm location is considered as 
an important distinctive difference amongst Thai citrus farmers. This spatial 
difference contributes to a different style in farm management and land use, and thus 
could possibly lead to a difference in farmers’ attitudes and preferences towards BMP 
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adoption. A further analysis of Mann-Whitney test (M-W test) is then performed to 
understand the differences between upstream and downstream farmers. 

The following comparisons employ 128 upstream farmers and 92 downstream 
farmers in the Ping river basin. Comparative perspectives are presented as following. 
 

3.8.1 Comparisons of farm and farmer characteristics 

 Differences in farm and farmer characteristics in upstream and downstream 
areas are described as following (Table 11): 

1) More upstream farmers farm on their own land than downstream farmers 
who generally farm on rented land 

2) Farm size in upstream area is significantly smaller than that in 
downstream area 

3) The number of upstream farm that has stream run through or been located 
next to stream is less than that in downstream farm 

4) Upstream farmers have more experiences in citrus cultivation than 
downstream farmers 

5) Upstream farmers  have less health problem than downstream farmers 

6) Upstream farmers are significantly dependent on other cash crop rather 
than citrus  

7) Membership of farmer association of upstream farmers is significantly 
less than that of downstream farmers 

8) Upstream farmers face more difficult to reach sources of information 
other than government advisory services than downstream farmers 

9) Debt condition of upstream farmers is significantly less than that of 
downstream farmers 

The information from Table 11 can be further discussed. A steeper slope and 
relatively hilly terrain in upstream area influence farm size and farm management 
style. Upstream area consists of dispersed farms which are relatively small and 
regularly on valley floor, whereas a number of large scale farms are apparent in 
downstream area. The geography of upstream area and distant farm location cause 
difficulty in service delivery of government agents, and thus advisory supports from 
government are less seen amongst upstream farmers than downstream farmers. 
Further, as farms in upstream area are scattered around valley floor farmers do not 
have incentive to rent more lands. Rather, upstream farmers rely more on semi-
subsistence farming4 with crop diversification to reduce risks in income and support 
family living. With this management style, farm household debt in upstream area is 
much less than that in downstream area, and there is no prominent incentive for 
farmer collaboration.  

 
 

                                                 
4 Here, semi-subsistence farming refers to the cultivation that takes place on small farms and uses 
simple techniques.  
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Table 11. Mann-Whitney test of external variables 
 

External Variables  
Farm 

location 
Mean Rank 

(Order) 
Mean Std. Deviation

Gender Upstream 110.64 0.29 0.45 
Downstream 107.93 0.26 0.44 

Age  Upstream 109.27 47.11 13.89 
Downstream 109.81 47.20 10.59 

Education level Upstream 105.89 1.75 1.38 
Downstream 114.44 1.89 1.31 

Land ownership*** Upstream 97.15 0.85 0.40 
Downstream 126.42 1.14 0.35 

Farm size (rai) *** Upstream 88.93 16.94 28.80 
Downstream 137.67 39.41 97.54 

Any stream run through farm*** Upstream 96.88 0.60 0.49 
Downstream 126.78 0.87 0.34 

Soil type Upstream 103.95 3.08 1.31 
Downstream 117.10 3.36 1.73 

Past experience (years) *** Upstream 122.15 11.96 10.18 
Downstream 92.18 8.43 8.85 

Health condition** Upstream 102.17 0.17 0.37 
Downstream 119.54 0.33 0.42 

Number of family members  Upstream 102.94 2.34 1.45 
Downstream 118.49 2.58 1.36 

Number of full-time worker Upstream 109.48 1.77 7.20 
Downstream 109.53 2.52 9.59 

Number of part-time worker Upstream 103.50 8.25 14.69 
Downstream 117.72 11.79 32.05 

Crop dependency** Upstream 117.10 0.82 0.39 
Downstream 99.09 0.65 0.48 

Membership of farmer association*** Upstream 98.60 0.52 0.50 
Downstream 124.43 0.76 0.43 

Access to governmental advisory services Upstream 103.50 3.06 1.63 
Downstream 117.72 3.45 1.75 

Access to other sources of 
information*** 

Upstream 119.67 2.06 1.64 
Downstream 95.57 1.25 0.72 

Annual Household Income (THB) Upstream 110.50 492,621.43 1,116,399.14 
Downstream 108.13 748,783.75 2,358,996.08 

Amount of Household's Debt (THB) *** Upstream 83.83 241,384.13 651,109.88 
Downstream 144.66 2,713,630.43 9,068,169.88 

 Note:  ** significant at .01 level 
*** significant at .001 level 
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3.8.2 Comparisons of psychological variables 

Differences in psychological characteristics of farmers in upstream and 
downstream areas are described as following (Table 12): 

 
Direct measures 

1) Upstream farmers significantly perceive BMP adoption as more good, 
right thing to do and pleasant than downstream farmers 

2) Upstream farmers are more hardly to be influenced by the important 
others 

3) Upstream farmers perceive more ease to perform BMP activities than 
downstream farmers 

4) Upstream farmers perceives less control over the consequences of BMP 
adoption than downstream farmers 

 
Indirect measure 

1) Upstream farmers perceive that more works from BMP adoption is not 
crucial barrier 

The significant statements from psychological measures can be jointly implied 
with the interpretation of the external factors mentioned above. Semi-subsistence 
farming in upstream area represents more traditional farming practices, while farms in 
downstream area is business-oriented farming system which is currently dependent on 
chemical applications to maintain outputs. As such, it is unquestionable that 
downstream farmers view BMP adoption as less good, not right, and unpleasant. 
Furthermore, as downstream farmers have experienced a heavier debt condition than 
upstream farmers they are likely to refuse adoption of BMP which could risk in less 
profit. On the other hand, upstream farmers perceive more ease to adopt BMPs 
because they hold smaller farms, and fond with work commitment from adoption.  

Differences in the importance of other people upon farmers’ adoption 
intention can be explained by farm location, farm goal and farmer attitudes. Evidences 
show that upstream farms which are more subsistence-oriented and located far away 
from market and information are less influenced by others whereas business-oriented 
farm in downstream area are likely to be influenced by others, particularly consumers. 
Moreover, that upstream farmers report on their less power to control consequences of 
BMP adoption is supported by the fact that they farm in distant area, and thus receive 
less assistance and update information from government agents. 
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Table 12. Mann-Whitney test of psychological variables 
 

Direct Measurement 
Farm 

location 
Mean Rank 

(Order) 
Mean 

Std. 
Deviation

Overall, adopting BMPs is Bad vs. Good*** Upstream 124.67 4.14 2.57 
Downstream 88.72 2.64 2.15 

Overall, adopting BMPs is Worthless vs. Useful Upstream 108.33 6.06 1.61 
Downstream 111.10 6.29 1.20 

Overall, adopting BMPs is The Wrong thing to 
do vs. The Right thing to do*** 

Upstream 124.59 4.16 2.50 
Downstream 88.84 2.74 2.16 

Overall, adopting BMPs is Unpleasant for me 
vs. Pleasant for me*** 

Upstream 125.15 4.21 2.47 
Downstream 88.07 2.76 2.14 

Important people think that I Should not vs. I 
Should adopt BMPs*** 

Upstream 96.22 3.79 2.46 
Downstream 127.69 4.99 2.25 

It is expected for me that I should adopt BMPs .. 
Disagree vs. Agree 

Upstream 105.56 5.52 1.67 
Downstream 114.90 5.66 1.76 

I feel under social pressure to adopt BMPs .. 
Disagree vs. Agree 

Upstream 112.56 4.91 2.07 
Downstream 105.32 4.66 2.16 

Important people want me to adopt BMPs ... 
Disagree vs. Agree 

Upstream 110.56 5.54 1.75 
Downstream 108.05 5.45 1.81 

I'm confident that I could adopt if I wanted to ... 
Disagree vs. Agree 

Upstream 106.95 5.80 1.56 
Downstream 112.99 5.95 1.49 

For me, to adopt BMPs is Difficult vs. Easy* Upstream 117.60 4.43 2.06 
Downstream 98.41 3.88 1.73 

The decision to adopt BMPs is beyond my 
control .. Disagree vs. Agree 

Upstream 113.33 4.45 2.30 
Downstream 104.26 4.16 2.25 

Adopt BMPs or not is entirely up to me ... 
Disagree vs. Agree** 

Upstream 98.10 4.38 2.39 
Downstream 125.11 5.46 1.92 

Indirect Measurement 
Reduced production cost Upstream 106.93 12.63 7.87 

Downstream 113.02 13.11 8.41 
Environmental protection Upstream 107.43 17.22 5.97 

Downstream 112.34 17.65 5.80 
Gain from watershed service Upstream 106.42 15.36 7.33 

Downstream 113.72 16.27 6.48 
Greater commitment** Upstream 120.44 4.40 8.66 

Downstream 94.52 0.88 8.94 
Consumers Upstream 108.22 13.22 8.82 

Downstream 111.25 13.28 9.52 
Government Upstream 109.46 12.00 8.26 

Downstream 109.56 11.50 9.70 
Agricultural supply shop Upstream 108.73 4.35 9.82 

Downstream 110.55 4.72 9.63 
Neighbours Upstream 111.57 5.81 10.22 

Downstream 106.67 4.64 9.99 
Affordability Upstream 114.21 10.94 7.93 

Downstream 103.04 8.95 10.22 
   (continued)
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Table 12. concluded 
 
Indirect Measurement Farm 

location 
Mean Rank 

(Order) 
Mean 

Std. 
Deviation

Return Upstream 115.76 7.17 6.98 
Downstream 100.92 5.41 8.36 

Knowledge Upstream 113.25 10.17 8.41 
Downstream 104.36 8.96 8.61 

Farmer association Upstream 114.54 9.47 10.57 
Downstream 102.60 7.45 10.92 

Potential market Upstream 113.35 11.14 9.75 
Downstream 104.23 9.87 9.65 

Note: * significant at .05 level 
** significant at .01 level 
*** significant at .001 level 

 
 

According to Guagnano et al. 1995, psychological factors such as attitude and 
external conditions act jointly to influence behaviour. The M-W test could only 
highlight what attitudes and characteristics of upstream and downstream farmers 
differ, but it could not define what constitutes such differences. There might be a 
possibility that psychological and external factors work together to induce adoption, 
or external factors may contribute to the strength (or weakness) of attitude-induced 
behaviour. Nevertheless, this is not the main focus of this research and thus it leaves a 
room for future study in the context of relationship between psychological and 
external factors influencing adoption decision. The next section offers an analysis of 
multinomial logistic regression. The main focus is to investigate factors that influence 
intention to adopt different BMPs. 
 
 

3.9 Logistic Regression Analysis for Adoption Intention 

The binary decision (i.e. adopt vs. not adopt) of citrus growers generates a 
non-linear response, and thus violates the assumptions of the linear regression model 
(Sheikh et al. 2003). A logistic regression is more suitable to model a relationship 
between a dichotomous outcome variable and a set of covariates (Hosmer and 
Lemeshow 1989). Logistic regression analysis does not require either multivariate 
normality or equal variance-covariance matrices across groups. It also has the ability 
to incorporate nonlinear effects, and define an S-shape relationship between the 
dependent and independent variables (Hair et al. 1998).  

Consider a collection of k independent variables which are denoted by the 
vector  

),...,,(' 21 kxxxx   (Equation 3)

The probability being modelled is denoted by the conditional probability 
statement 

)(),...,1( 21 xPxxxDP k   (Equation 4)
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Thus, the logistic model may be written as  

)(1

1
)(

ii xe
xP  
  

(Equation 5)

where,    

  =  intercept parameter 

  =  regression coefficient 

An alternative way to write the logistic model is called the logit form. The 
logit is the natural logarithm of the odds of the outcome. The odds of the outcome are 
the probability of having the outcome divided by the probability of not having the 
outcome (Katz 1999). Let the logit transformation be denoted as logit P(X), 

logit 










)(1

)(
ln)(

xP

xP
xP  

(Equation 6)

where  )(xP  = equation 5 

Thus,  

logit )(xP =  )(ln ii xe    (Equation 7)

logit )(xP = )( ii x   (Equation 8)

3.9.1 Independent Variables 

As from the elicitation study and literature reviews, there were 32 independent 
variables included in the study. These were 13 psychological variables and 19 
additional variables. These independent variables were subjected to review whether 
they fit with the assumptions of multivariate model. Statistical software used for 
analysing data was SPSS 16.0.  

The data were first screened for normality and homogeneity of variance. The 
missing data were then replaced with a conditional mean substitution5. Statistical 
diagnostics revealed that 1) only indirect measures created by a summated scale of 
psychological variables were reliably constructed, 2) variables with multicollinearity 
problem were deleted, 3) outliers and influential cases were not relevant, 4) DUMMY 
variables were required to solve the problem of linearity and 5) one variable (a 
contribution of full-time worker) contained incomplete information cells, and was 
excluded from the model. Thus, only 31 independent variables were eligible for 
inclusion in the model. Descriptions of DUMMY variables are illustrated in Table 13. 

                                                 
5 For cross-sectional data, a conditional mean gives more accurate estimates of missing values. It is a 
mean derived from other participants in the sample who have very similar background, not a sample 
mean. 
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Table 13. Descriptions of DUMMY variables 

 
Variables Coding and Descriptions 

Socio-demographics of the farmers    
Age of farmer  AGEg1 

AGEg2 
AGEg3 
AGEg4 
AGEg5 

= 
= 
= 
= 
= 

≤ 30 year old* 
30.1 – 40 year old 
40.1 – 50 year old 
50.1 – 60 year old 
> 60 year old 

Education level EDUr 
EDU1 

= 
= 

< high school* 
≥ high school 

Gender  GENg1 
GENg2 

= 
= 

Male* 
Otherwise 

Characteristics of the farm household    
Dependence on other crops CROPg1 

CROPg2 
= 
= 

Dependence on other crops* 
Otherwise 

Past experiences in farming6 PASTr 
PAST1 

= 
= 

< 15 years* 
≥ 15 years 

Health condition after starting citrus 
cultivation  

HEALTHg1 
HEALTHg2 

= 
= 

Health problem retarding farm work* 
Otherwise 

Structures of the farm business    
Farm size SIZEg1 

SIZEg2 
SIZEg3 
SIZEg4 
SIZEg5 

= 
= 
= 
= 
= 

≤ 5 rais* 
5.01 – 10 rais 
10.01 – 20 rais 
20.01 – 50 rais 
> 50 rais 

Location UT 
DT 

= 
= 

Upstream area* 
Downstream area 

Any stream run through farm STREAMg1 
STREAMg2 

= 
= 

Stream run pass/ through farm* 
Otherwise 

Soil type SOILg1 
SOILg2 
SOILg3 

= 
= 
= 

Clay* 
Loam 
Sand and others 

Contribution of family worker FWr 
FW1 

= 
= 

Contribution of family worker ≤ 50%* 
Contribution of family worker > 50% 

Contribution of part-time worker PTr 
PT1 

= 
= 

Contribution of part-time worker ≤ 50%* 
Contribution of part-time worker > 50% 

Contribution of full-time worker FTr 
FT1 

= 
= 

Contribution of full-time worker ≤ 50%* 
Contribution of full-time worker > 50% 

Land ownership LANDg1 
LANDg2 

= 
= 

Own land* 
Otherwise 

Household income per rai INr 
IN1 

= 
= 

< median value* 
≥ median value 

Household debt per rai DTr 
DT1 

= 
= 

< median value* 
≥ median value 

Social milieu    
Membership of agricultural association MEMg1 

MEMg2 
= 
= 

Member of agricultural association* 
Otherwise  

Access into government advisory services nGOVg1 
nGOVg2 
nGOVg3 

= 
= 
= 

No need for services* 
Easy or Not so difficult 
Difficult or Not that easy 

Access into other sources of advisory services nPRIg1 
nPRIg2 
nPRIg3 

= 
= 
= 

No need for services* 
Easy or Not so difficult 
Difficult or Not that easy 

   (continued) 

                                                 
6 Farmers’ experiences could be backed up by a national policy. The 6th National Economic and Social 
Development Plan (1987-1991) focused on 1) the concern over natural resource degradation, and 2) the 
promotion of fruit crop cultivation. The 7th National Economics and Social Development Plan (1992 – 
1996) focused on the sustainable development considering a common outlook and common principles 
to inspire and guide the people of the country in the preservation and enhancement of human 
environment. 
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Table 13. concluded 
 

Psychological factors    
Reduced production cost ATT1g1 

ATT1g2 
ATT1g3 

= 
= 
= 

1st tercile* 
2nd tercile 
3rd tercile 

Environmental protection ATT2g1 
ATT2g2 
ATT2g3 

= 
= 
= 

1st tercile* 
2nd tercile 
3rd tercile 

Gain more benefits from watershed ATT3g1 
ATT3g2 
ATT3g3 

= 
= 
= 

1st tercile* 
2nd tercile 
3rd tercile 

Greater commitment on farm management ATT4g1 
ATT4g2 
ATT4g3 

= 
= 
= 

1st tercile* 
2nd tercile 
3rd tercile 

Consumer SN1g1 
SN1g2 
SN1g3 

= 
= 
= 

1st tercile* 
2nd tercile 
3rd tercile 

Government SN2g1 
SN2g2 
SN2g3 

= 
= 
= 

1st tercile* 
2nd tercile 
3rd tercile 

Output retailer SN3g1 
SN3g2 
SN3g3 

= 
= 
= 

1st tercile* 
2nd tercile 
3rd tercile 

Neighbour SN4g1 
SN4g2 
SN4g3 

= 
= 
= 

1st tercile* 
2nd tercile 
3rd tercile 

Affordable PBC1g1 
PBC1g2 
PBC1g3 

= 
= 
= 

1st tercile* 
2nd tercile 
3rd tercile 

Return PBC2g1 
PBC2g2 
PBC2g3 

= 
= 
= 

1st tercile* 
2nd tercile 
3rd tercile 

Knowledge PBC3g1 
PBC3g2 
PBC3g3 

= 
= 
= 

1st tercile* 
2nd tercile 
3rd tercile 

Farm association PBC4g1 
PBC4g2 
PBC4g3 

= 
= 
= 

1st tercile* 
2nd tercile 
3rd tercile 

Potential market PBC5g1 
PBC5g2 
PBC5g3 

= 
= 
= 

1st tercile* 
2nd tercile 
3rd tercile 

Note: 
(1)  * reference group 

 

3.9.2 Variable selection technique  

In this study external variables such as socio-demographic variables were from 
literature, whereas psychology variables were derived from survey. There is often a 
lack of theoretical literature on BMP adoption relating to psychology variables 
(Prokopy et al. 2008), and thus stepwise logistic regression is useful in situations 
where  ‘important’ independent variables are poorly understood in terms of their 
influence on intentions (Hosmer and Lemeshow 1989). Further, the forward stepwise 
selection is superior to backward method when sample size is small for the number of 
independent variables in the analysis (Katz 1999). Accordingly, a forward stepwise 
selection method was used to determine the number of independent variables to be 
included in the equation. After the significant psychological variables were defined, 
the subsequent step is to forced entry external variables into the model 
simultaneously. 
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3.9.3 Dependent variables 

During the interview, 12 BMPs were offered to citrus growers and growers 
were asked to select only three BMPs in priority order. Suppose a farmer of size n is 
asked to choose the best amongst m potential alternatives, there are many ways to 
determine a preference order for the group. With the nature of discrete rank-orderings 
of BMP techniques and when a complete rank-ordering is more difficult to obtain 
than a top choice, a majority rule can perform effectively. A potential choice is better 
revealed when many participants provide top choice other than fewer participants 
provide complete rank-orderings (Wu and Annis 2007). The majority rule applies a 
transitivity principle implying that participants compare all possible pairs of 
alternatives and decide which alternative is preferred to another (Kinoshita 1991). 
Based on the majority rule strategy, only the first ranked BMP (which from now on 
will be denoted as adoption choice) is used in the model.  

A multinomial logistic regression was employed to examine a relationship 
between nominal-scale dependent variables and multiple independent variables. Thus, 
twelve BMPs were collapsed into three functional categories (refer to section 2.1) in 
order to create three dependent variables. These are Good Husbandry, Vegetative 
Practice and Structural Practice. These three categories are not mutually exclusive, 
but the probability of farmers experiencing any single outcome is between zero to 
one. Multinomial logistic regression enables a calculation of the proportion that 
farmers fall into one outcome category in relative to the other two (Unrau 1998).  

 

3.9.4 Multinomial logistic regression  

Multinomial logistic regression is applied to determine the combination of 
independent variables that most influence the probability of a farmer selecting one of 
the three functional categories. The analysis is expressed as an odds ratio. Odds is the 
ratio of the probability that event occurs to the probability that it does not, and the 
odds ratio is used to  compares the odds of those two groups by dividing the odds in 
group one by the odds in group two (Westergren et al. 2001). Interpretation based on 
odds ratio is superior to other indicators in that it provides an estimate with 
confidence level for the relationship between two binary variables, and the ratio 
remains the same no matter how data arrangement in table is switched (Bland and 
Altman 2000). 

Multinomial logistic regression requires a reference group to generate a 
regression model for nominal dependent variables. Reference group is the category 
omitted in the analysis and the odds ratio is to be compared with this reference group 
(Katz 1999). In this study, Good Husbandry is selected as a reference group.  The 
odds ratio given in SPSS 16.0 is labelled ‘Exp(B)’. The odds ratio greater than 1 
means that independent variable increases the logit, and thus increases odds of event 
occurs. The odds ratio less than 1 means that independent variable decreases the logit, 
and decreases odds of event occurs. The odds ratio equal to 1 means that independent 
variable has no effect. An interpretation of odds ratio for any particular independent 
variables is explained when all other independent variables in the model are held 
constant.  



 

 41

Results of step summary for psychology variables are presented in Table 14. 
For this model PBC1g3 entered first in the stepwise procedure, followed by PBC2g2, 
SN1g2, and SN1g3. However, PBC1g3 was removed from the model in the final step. 
It is likely that PBC1g3 may relate to other independent variables. Thus, VIF test was 
used to scan for any multicollinearity. The analysis revealed that no VIF value was 
greater than 10 (Field 2005).  

 
Table 14. Summary of stepwise procedure 
 

Step Action Effect(s) 
Model fitting criteria Effect selection tests 

AIC BIC -2LL 
Chi-

square 
df Sig. 

0 Entered Intercept 340.065 346.834 336.065    
1 Entered PBC1g3 335.615 349.153 327.615 8.451 2 .015 
2 Entered PBC2g2 330.383 350.690 318.383 9.232 2 .010 
3 Entered SN1g2 327.587 354.662 311.587 6.769 2 .033 
4 Entered SN1g3 321.767 355.612 301.767 9.820 2 .007 
5 Removed PBC1g3 322.111 349.187 306.111 4.344 2 .114 

The final model for psychology variables selected by forward stepwise method 
is presented in Table 15. Three psychology variables remained in the equation are 
SN1g2, SN1g3, and PBC2g2.  

 
Table 15. Final model selected by forward stepwise method 
 

Category of the adoption choicea B 
Std. 

error 
Exp(B) 

95% CI for 
Exp(B) 

Lower Upper 

Vegetative practice Intercept .252 1.163    

 SN1g2 -2.106 1.091 .122 .014 1.033 

 SN1g3 -2.700* 1.052 .067 .009 .528 

 PBC2g2 .899 .488 2.457 .945 .6388 

Structural practice Intercept -3.435* .719    

 SN1g2 1.394* .592 4.031 1.263 12.862 

 SN1g3 .372 .408 1.451 .652 3.230 

 PBC2g2 .975* .422 2.652 1.161 6.060 

Notes: 
(1) aThe reference category is: Good Husbandry 
(2) R2 = 0.13 (Cox & Snell), 0.16 (Nagelkerke), 0.09 (McFadden) 
(3) * significant at the 0.05 level 

  The next step is to force entered these three psychology variables along with 
external variables into the equation. The combined model, of only the final regression 
results, is presented in Table 16. This combined model is significant at .05 level and 
the R2 of Cox & Snell, Nagelkerke, and McFadden is 0.43, 0.55, and 0.36 
respectively.  

 The first equation represents the probability to adopt Vegetative Practice over 
Good Husbandry. When all variables were force-entered into the equation the three 
psychology variables remained significant. Holding all other variables constant, 
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results show that growers who are indifferent to or those who highly care about 
consumer referents have 0.06 and 0.03 times lesser odds of adopting Vegetative 
Practice than those who are less care about consumers. Further, growers who hold 
indifferent preference towards perceived farm returns have 5.21 times greater odds of 
adopting Vegetative Practice than those who hold negative or positive preference 
towards perceived farm returns. A few external variables which are significant in this 
equation are SIZEg2, FW1, and nPRIg2. That is, growers with farm size of 5.01-10 
rais have 7.373 times greater odds of adopting Vegetative Practices than other farmer 
groups. Citrus farms having a contribution of family worker in farm workload more 
than 50% have 17.36 times greater odds of adopting Vegetative Practices than farms 
with less than 50% contribution of family worker. Lastly, growers who have easy/ not 
so difficult access to information sources other than government agents have 9.98 
times greater odds of experiencing Vegetative Practices than those who face with 
difficult/ not so easy access. 

Table 16. Combined model with psychological variables and external variables 
 

Category of the adoption choicea B 
Std. 

error 
Exp(B) 

95% CI for 
Exp(B) 

Lower Upper 

Vegetative practice Intercept -23.172* 7.831    

 SN1g2 -2.774* 1.271 .062 .005 .753 

 SN1g3 -3.625* 1.239 .027 .002 .302 

 PBC2g2 1.651* .731 5.214 1.246 21.827 

 SIZEg2 1.998* .995 7.373 1.048 51.874 

 FW1 2.854* 1.421 17.363 1.071 281.476 

 nPRIg2 2.301* 1.005 9.980 1.391 71.605 

Structural practice Intercept -1.666 5.548    

 SN1g2 2.277* .782 9.752 2.104 45.190 

 PBC2g2 1.318* .584 3.736 1.190 11.724 

 CROPg2 2.308* .789 10.056 2.142 47.223 

 SIZEg4 -2.451* .942 .086 .014 .546 

 SIZEg5 -4.108* 1.164 .016 .002 .161 

Notes: 
(1) aThe reference category is: Good Husbandry 
(2) R2 = 0.43 (Cox & Snell), 0.55 (Nagelkerke), 0.36(McFadden) 
(3) * significant at the 0.05 level 

The second equation represents the probability to adopt Structural Practice 
over Good Husbandry. When all variables were forced-entered into the equation only 
two psychology variables remained significant. These are SN1g2 and PBC2g2. That 
is, holding all other variables constant results show that growers who hold indifferent 
preference towards consumers have 9.75 times greater odds of adopting Structural 
Practice than those who hold either negative or positive preference.  Further, growers 
who hold indifferent preference towards perceived farm returns have 3.74 times 
greater odds of adopting Structural Practice than farmers who hold either negative or 
positive preference towards perceived farm returns. Moreover, a few more external 
variables are significant. These are CROPg2, SIZEg4, and SIZEg5. That is, growers 
who depend solely on citrus cultivation have 10.06 times greater odds of adopting 
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Structural Practice than growers with farm diversification. Growers who occupy farm 
land of 20.01-50 rais decrease the odds of adopting structural practice in their farm by 
0.09 times, and those who occupy farm land more than 50 rais decrease the odds of 
adopting structural practice in their farm by 0.02 times. 

 In an attempt to assess the effects of the determinants on the outcomes by 
splitting cases between upstream and downstream location, the author performed 
separate regression analyses. However, the analysis of downstream location yielded a 
floating point overflow and it was unable to interpret results. Therefore, for more 
meaningful interpretations the author chose the combined model presented in Table 
16. 

 

3.10 Discussion 

There has been much discussion about which factors determine adoption 
intention of new conservation practices. This study draws a conclusion that both 
psychological and external variables contributes to BMP adoption. The summaries of 
casual relationship between adoption intention and significant determinants are 
described as followings:   

 

3.10.1 Influences of Psychological Determinants on Adoption Intention 

Subjective norm: Consumer referents 

The empirical analyses reveal that farmers who are indifferent towards 
consumer referents or those who are highly influenced by consumers are unlikely to 
adopt Vegetative Practice, while those who are indifferent towards consumers tend to 
adopt Structural Practice. The direction of relationship between attitudes towards 
consumer referents and BMP adoption is not definite; rather it is dependent on 
consumer’s preference and the specific characteristics of BMPs.  

Farmer’s perception of consumer preference could play a role in adoption 
decision (Guehlstorf 2008; Kaine and Bewsell 2008). In response to market signals 
sometimes farmers have to adopt new technologies even if they have not been able to 
skill on them (Stone 2007). On the other hand, farmers who want to adopt eco-
friendly production process face with consumers’ existing demand for conventionally 
produced food. This is because the adoption of safer production is critical for a drop 
in external appearance of fruit such as colour, size and shape and it is these attributes 
that  are most used evaluate the quality of fruit when consumer makes buying decision 
(Sule Alonso et al. 2002). In Thailand, consumers typically buy fresh fruit with good 
physical appearance (Oates 2005). Considering only the effect of consumer 
preference on farmers’ decision, farmers will always supply what the consumers want 
(East 1993; Poole and Baron 1996). Because BMPs adoption could reduce the 
external quality of fruit, it is possible that farmers who are influenced by consumers 
are unlikely to adopt the practices.  
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Although consumers’ preference is important for investment decision, another 
concern also emerged during farmers’ interviews. Farmers stated that it is necessary 
that adoption based on consumer preference, which will in turn reflect willingness to 
buy and buying decision, should be weighed with prospective gains from technology 
adoption. Farmers inserted that tangible benefits from adoption of Structural Practice 
are more prevalent and observable than that of Vegetative Practice. For example, 
retention pond can store water during dry season; loading station can provide 
equipment storage and reduce health risk. Therefore, at this point this study argues 
that adoption decision of specific BMP is associated with farmers’ attitudes to 
consumers’ values weighed by expected gains from adoption of such technology. 
Therefore, farmers who are indifferent towards consumers are likely to adopt 
Structural Practice rather than Vegetative Practice, and farmers who are highly 
influenced by consumers are unlikely to adopt Vegetative Practice.  

Perceived behavioural control: Perceived farm return 

Famers differ in the degree to which they accept risk. Famers’ attitudes can be 
divided into three categories that are risk taker, risk neutral and risk averse (FAO 
2007a). Risk-related attitude is an important factor on investment plan and can result 
in different responses to adoption of new technology (Setia and Johnson 1988). The 
empirical analyses show that farmers who are indifferent towards perceived farm 
return are likely to adopt Vegetative Practice. Similarly, farmers who are indifferent 
towards perceived farm return are likely to adopt Structural Practice.  

Many studies found that a primary reason for adoption of conservation 
practices was a farmer’s perception about perceived benefits (Cary and Wilkinson 
1997; Cary et al. 2001; Valentin et al. 2004; Gillespie et al. 2007; Rolfe et al. 2008). 
There is a possibility that farmers who hold more positive perceptions about the 
outcomes of conservation practices are more likely to adopt new innovation (Bosch 
and Pease 2000). Further, risk neutral farmers are less sensitive to changes in net farm 
return than risk averse farmers (Setia and Johnson 1988; Fafchamps 2003). As the 
potential outcomes of adoption a new practice are hardly predictable (Pannell et al. 
2000), therefore it is likely that farmers holding indifferent preference towards farm 
return tend to adopt BMPs. 

 

3.10.2 Influences of External Determinants on Adoption Intention 

Contribution of family worker in farm workload  

It is hypothesised in this study that contribution of family worker in farm 
activity is positively associated with BMP adoption. The findings reveal that farms 
with a contribution of family worker in farm workload more than 50% are likely to 
adopt Vegetative practice. The Vegetative Practice involves a great management 
demands in terms of time and labour, and family members could provide unpaid farm 
worker to the enterprise. Thus, farm that relies mainly on family members is likely to 
adopt labour-intensive practices. The empirical findings are generally consistent with 
Gillespie et al. (2007) and Fernandez-Cornejo et al. (1994) in that family labour 
supply is positively associated with the adoption of labour-intensive practices. 
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Farm size 

This study assumed that farm size has a significant effect on technology 
adoption behaviour in the agricultural sector, but it did not assign the direction of 
relationship. This is because literature showed that farm size will have different 
affects on the adoption rate depending on the characteristics of BMPs. Many studies 
found that larger sized farms have generally been associated with an increased 
likelihood to adopt technology. This is because smaller farmers tend to face with large 
fixed costs, transaction costs and information costs thereby reducing the tendency to 
adopt new innovation (Fernandez-Cornejo et al. 1994; Earle et al. 1979; Beedell and 
Rehman 2000; Zubair and Garforth 2006; Larsen et al. 2007). However, a few studies 
revealed that smaller farmer adapted faster to new technology and perceived less 
problems than large-scale farmers (Feder et al. 1985; Greene 1973).  

The empirical analyses reveal that farmers holding farm land of 5.01-10 rais 
are likely to adopt Vegetative Practice. There are at least three factors explaining 
adoption of Vegetative Practice by small farmers. These factors are trialability, 
compatibility and complexity, and they are termed as programme factors7 by Rolfe et 
al. (2008). First, Vegetative Practice offered in this study can be applied on a small 
scale (i.e. the most selected practices are vegetative cover and mulching). Thus, 
farmers are able to trial prior to full implementation. Second, the selected Vegetative 
Practice in this study might compatible with existing farming methods and cropping 
system. Third, the innovation is not complex and materials such as straw, grass, and 
vetiver can be found in local with relatively cheap cost.  

 On the contrary, the empirical analyses reveal that farmers who hold farm land 
of either 20.01-50 rais or more than 50 rais are unlikely to adopt Structural Practice. 
The negative sign between Structural Practice adoption and farm size can be 
described by the characteristics of BMPs. In Thailand for small- to medium- scale 
farmers land area of more than 20.01 rais is considerably large. Structural Practice 
typically requires high initial investment and following maintenance costs. Moreover, 
farmers incur land opportunity cost because the BMP instalment reduces the 
production area for farming and causes net production cost (Woznick 1987; Stanley 
2000; Hoppe and Wiebe 2002; Thurston 2006; Rolfe et al. 2008). Farmers are likely 
to adopt conservation practice, if such innovation can provide a reasonable financial 
viability for the business (Pannell et al. 2006). However, farmers often tend to 
overestimate privately short-run loss and overlook important medium- and long-term 
benefits especially those associated to society (Stanley 2000) since it is difficult to 
quantify and value social benefits. Because the current perceived economic costs 
outweigh economic benefits, farmers therefore do not prefer adoption of Structural 
Practice.  

 

 

 
                                                 
7 Programme factors are characteristics of programme that could influence participation rate. There are 

complexity, congruence, risk and uncertainty, capital implementation cost, intellectual 
implementation cost, flexibility, financial incentives, duration and continuity of the program, and 
institution. 
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Access to information source other than government  

Besides information from government agents, farmers also rely on information 
from a network of providers such as chemical dealers, input supply retailers and 
community leaders. Farmers are likely to adopt new innovation, if technical assistance 
can be easily received from this network (Feather and Cooper 1995; Traore et al. 
1998; Gillespie et al. 2007). This study hypothesised that easy accessibility to 
information sources is positively associated with BMP adoption. The results show that 
farmers who have easy or not so difficult access to non-government extension 
services are likely to adopt Vegetative Practice.  

These findings are consistent with arguments by Pannell et al. (2006). They 
describe that farmers tend to adopt conservation practices, if they can seek technical 
assistances from people who are seen to be experts. During the survey farmers stated 
that non-government extension service is credible and the support of innovation is 
clearly suitable to local circumstances. Further, a great number of private extension 
agents are available at local level. This could enhance adoption rate because farmers 
receive high exposure to the information (Pannell et al. 2006). Another reason why 
access to private extension service is positively associated with adoption intention is 
the history of relationship between farmers and agents. In the past few years the major 
role of government extension agents in Thailand is to promote farming practices to 
provide public goods such as environmentally friendly production, rather than to 
support farmers to achieve their personal goal such as financial viability. This has 
created a complex social interaction that may be less comfortable for farmers and 
government agent, thereby increasing the role of private extension agents. 

Crop dependency 

Dependence on other crops indicates the number of activities other than citrus 
cultivation run in the farm, and simply signifies farm diversification.  It is 
hypothesised that more diversified producers are more likely to adopt conservation 
practices because such adoption can potentially benefit other farm business sections 
(Fernandez-Cornejo et al. 1994; Gillespie et al. 2007). Moreover, a variety of 
practices can be trialled in a diversified farm thereby making it more likely to adopt 
new innovation (Rahelizatovo and Gillespie 2004).  

 Contrary to the hypothesis, farmers who depend only on citrus cultivation are 
likely to adopt Structural Practice. Zentner et al. (2002) stated that managers of 
diversified farm demand more time on management such as monitoring and obtaining 
marketing and crop qualify information. Further, with crop varieties farmers go 
through a learning process which could increase risks. For example, production costs 
might increase because of misjudgement or until new experiences is mastered. 
Moreover, Prokopy et al. (2008) describe that farm diversity may have a negative sign 
with conservation practice adoption because farmers face with too many choices and 
are unable to make decision within limited time and information.  
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3.11  Conclusion 

Farmers’ decision regarding an adoption of new innovations and agri-
environmental policies has received considerable attentions over many years. The 
process to adopt new innovation is influenced by a variety of factors, and for this 
reason the study to investigate significant variables associated to decision is often of 
interest to government. Traditional agriculture economics assumes that farmers make 
decision to maximise their utilities. However, behaviour is the consequence of 
complex integration between socio-economic and psychological factors. As such, a 
utility approach to understand decision-making has been supplemented by an 
increasing input from psychology.  

This study is developed based on a theoretical framework rooted in social 
psychology complemented with variables derived from economic theory. From a 
theoretical perspective these empirical findings emphasise the relevance of combining 
theoretical insights from different disciplines in adoption studies. Theory of Planned 
Behaviour (TPB) is employed to investigate factors that influence growers’ decision 
to adopt BMPs in citrus farms. TPB is an expectancy-value model which has an 
ability to predict and to explain human behaviour by postulating that behaviour is 
predicted by intention to perform that behaviour. Through the use of statistical 
methods, TPB provides a distinct process to show relative importance of proposed 
determinants of intention and to investigate which attitudes influence behaviour. 
Furthermore, external variables are allowed to be included in the model so as to 
increase a predictive power. Thus, TPB can increase an understanding of farmers’ 
beliefs to policy making.  

To construct a questionnaire an elicitation study was done with 17 farmers. 
Then, a content analysis was conducted to determine ideas and themes from 
statements derived during the elicitation study. The content analysis yielded 13 
psychological variables. Moreover, nineteen external variables such as socio-
demographic of growers, characteristics of farm household, structure of farm business 
and social milieu were added. This gave a total of 32 variables to be included in the 
questionnaire. The main surveys were conducted twice in winter 2007/08 and summer 
2008. During the survey, twelve BMPs that could be developed in the study area were 
offered to citrus growers. The total samples were 218 growers. Of those, 57.80% was 
from upstream area and 42.20% was from downstream area.  

For the purpose of statistical analysis the twelve BMPs were collapsed into 
three functional categories and were Good Husbandry, Vegetative Practice, and 
Structural Practice. The descriptive statistics and the Mann-Whitney test show that 
farmers in upstream and downstream areas differ in their evaluative measures of BMP 
adoption..Further, both are significantly different in their belief-based measure 
relating to attitude towards BMP adoption. Other than differences in their latent 
psychological variables, both farmer groups also differ in their past experience, 
dependency on other crops, health problem, farm size, stream condition, land 
ownership, household debt, membership status of farmer association and access to 
information sources.  
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Growers’ decision regarding whether to adopt a specific functional BMP 
category was investigated through a two step multinomial logistic analysis. First, 
statistical assumptions underpinning logistic regression analysis were validated and 
31 variables were retained. Then only the psychology variables were performed with 
forward stepwise selection method. Three psychology variables were significant in 
the stepwise final model and then remained for the next step. Next, a combined model 
comprising of those psychology variables and external variables were force-entered 
into the equation at .05 level of significance.  

Results from the multinomial logistic analysis suggest that growers who are 
indifferent to consumers or growers who are highly influenced by consumers are 
unlikely to adopt Vegetative Practice. Further, growers who hold indifferent 
preference towards perceived returns are likely to adopt Vegetative Practice to Good 
Husbandry. Moreover, growers who occupy farm land of 5.01-10 rais, or farm having 
a high contribution of family worker in farm workload, or growers who easily receive 
information apart from government advisory services are likely to adopt Vegetative 
Practices. In terms of the determinants of Structural Practice adoption, at the .05 level, 
growers who are indifferent towards consumer referent are likely to adopt Structural 
Practices. Further, growers who hold indifferent preference towards perceived returns 
are likely to adopt Structural Practice. Moreover, growers who depend only on citrus 
production are likely to adopt Structural Practice. However, growers with large farm 
size are unlikely to adopt Structural Practice.  

 Overall, this study draws on the TPB and econometric estimation model as a 
framework for understanding decisions to engage in BMP uptake at a landscape level. 
TPB combines both qualitative and quantitative methods. It requires qualitative 
research in the elicitation study of attitude, subjective norm and perceived behavioural 
control, while the statistical analysis developed to use with TPB is quantitative in 
nature. Moreover, in the context of agri-environmental policy where other factors may 
be more important than beliefs and attitudes in determining behaviour, external 
variables can be added into the model. The findings determine a set of psychological 
factors and indicate the relative importance of factors influencing behaviour which 
can lead to target intervention to increase growers’ participation. 
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4.0 SUBJECTIVE POSITION 

 

Though behaviour can be predicted by personal intention, intentions do not 
always lead to the final behaviour because people may not behave in line with their 
intentions. Furthermore, salient beliefs may differ from individual to individual and 
from population to population, and this proposition has not been addressed within the 
TPB framework (Cook et al. 2005). Provided there is another procedure for assessing 
the subjective importance of beliefs, this could improve an understanding underlying 
a decision-making process of specific subgroups and could offer tailored policy 
interventions.  

As such, this study applies Q-Methodology in order to understand how 
attitudes impact on the achievement of goal (i.e. BMP adoption). Q-Methodology is 
an agency or person-centred study, which provides insight into the structure of 
attitudes and indicates which aspect of behaviour is important. Evidences from Q-
Methodology could support expansion of the TPB and can be implied for the 
formulation and analysis of an agri-environmental policy which is specifically 
depending on farmers’ attitudes to the measures. 

This chapter outlines details of major steps in Q study. It first describes a 
development of concourse and a strategy to select statements. This is followed by the 
criteria to select a small-scale participant from a pool of TPB sample. Next, a sorting 
process and fieldwork tools are detailed. The justification of data analysis is further 
presented, and followed by results based on citrus grower’s subjectivity.  

 

4.1 Concourse Development and Q-Sample Establishment 

In the Q-Methodology a concourse is a set of information surrounding a topic 
of study. The primary point of the collection of items for the concourse is that it 
should reflect a wide range of perceptions on a topic of interest. Further, it is from this 
concourse that a sample of statements is subsequently drawn for administration in a 
sorting process (Brown 1991). In this study the concourse was collected from 
seventeen citrus growers in the Ping river basin. These growers were randomly 
selected and interviewed with a set of 13 open-ended questions designed by a 
researcher (Appendix A). Additional statements from document reviews were 
included to ensure that different perspectives of growers were covered.  

 The full set of 419 statements representing 328 statements from personal 
interviews and 91 statements from printed materials were derived. It should be noted 
here that the feedback from 13 questions was used as a preliminary input to design the 
TPB questionnaire and to produce Q-Sample for the Q study. However, different 
methods were used to draw information. While the psychological variables in TPB 
study were derived from the technique of content analysis, Q-Sample was derived by 
a data matrix. The data matrix was used to filter and categorise 419 statements. This 
matrix was used to ensure that the statements did not reflect one or more perspectives 
over others, and reduces the available statements into a manageable set (Barry and 
Proop 2000). The thematic categories on the horizontal axis were based on the 
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concept of sustainable agriculture and were: environmental stewardship, farm 
profitability and prosperous farming communities; the categories on the vertical axis 
were based on technical aspects of BMPs and were: water resource management, soil 
conservation, pest control, fertiliser application and overall views of BMPs.  

 Statement in the Q-Sample needed to be balanced (Kramer et al. 2003). 
Therefore, within one cell (such as that created from combining environmental 
stewardship and water resource management), two statements both positive and 
negative statements by nature were selected (for example, statement 2: I have never 
discharged waste into natural watercourse and statement 5: natural watercourse is 
contaminated with chemicals). Firstly, 30 statements were derived (a 3*5 matrix times 
2 statements). Additional six statements based on overall views of BMPs were added, 
thus this produced a total of 36 statements for the Q sample (Appendix D). 

 Statements were firstly written in Thai. We then presented these statements to 
a few citrus growers. Some statements were refined and rephrased in order to make 
them clear, concise and understandable to the research participants. Then, statements 
were translated into English and reviewed by native speaker to ensure that statements 
retained their original meaning. All statements were randomly numbered for data 
recording purposes.  

 

4.2 Selection of Participants 

After the Q-sample was constructed, a number of participants were chosen to 
read through and rank the statements according to their personal and subjective 
preferences. Theoretically, a sample set of participants does not have to be large to 
ensure the comprehensiveness of factors and the reliability of the factor arrays (Brown 
1980). Further, the fundamental concept of the Q-Methodology is to obtain an in-
depth portrait of the typologies of viewpoints prevailing in a given situation, even if 
those amongst a minority, rather than yield statistically generalisable results 
(Steelman and Maguire 1999). In this study from a set of TPB sample, 72 participants 
were purposively selected based on their knowledge and experiences with the 
research topic8. The survey was undertaken in winter 2007/2008 and summer 2008. 
The participant set was stratified by different socio-demographic and geographic 
criteria to include a split of upstream (51.39%) and downstream (48.61%) 
participants. 

                                                 
8 To get the best stand of representative, citrus growers who hold a wide range of opinions will be 
purposively selected. Researcher can distinguish these farmers during the interview session by 
observing those who are active, aware of the input used and aware of policy changes.  
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4.3 Administering the Q-sort 

During the survey, all 72 participants were provided with: 1) 36 cards, each 
containing a statement and its number; 2) a guide bar with a quasi-normal distribution 
(Figure 8), and 3) an answer sheet to record the rank ordering.  

 

Figure 8. A pile of 36 cards and guide bar 

Participants were then instructed to read all statements, rank-order them from 
least agree to most agree (-4 to +4 representing by face symbol), and place the cards 
on the guide bar. They were also asked about their own experience in citrus farming, 
current problems, and opinions about BMPs.   

 

4.4 Data Analysis 

Each participant’s Q-sort was entered into a database using PQMETHOD 
software (Schmolck 2002). Initially, a correlation matrix of Q-sorts was analysed 
using Principal Components Analysis to find association amongst the different Q-
sorts. This process provided a number of unrotated factors with eigenvalues and 
percentages of explained variance. 

After the initial factors were extracted, the number of factors retained for 
rotation had to be determined. The Kaiser’s criterion suggests that only the unrotated 
factors having eigenvalues greater than one be retained for the next step (Ledesma 
and Valero-Mora 2007; Lee and Ashton 2007). Alternatively, the Cattell’s Scree test 
can be applied by graphing the eigenvalues to reveal the relative importance of each 
factor (Ledesma and Valero-Mora 2007; Lee and Ashton 2007). However, in this 
study neither of these criteria worked. Therefore, a rotation was conducted seven 
times, on two, three, four, five, six, seven and eight factors. The four-factor solution 
provided the most coherent explanation of the sorts. The study reveals four factor 
groups.  

In order to assign Q-sorts to the most appropriate factor, a factor loading of 
each Q-sort was considered. Loadings are statistically significant at the 0.01 level if 
they are approximately 2.58 times of the standard error (SE) (Brown 1991). The 
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standard error for a factor loading was derived from 1/√N, where N equals the number 
of statements (Brown 1991). In this case, with 36 statements, the SE = 1/√36 = 0.16. 
Thus, Q-sorts with either a positive or negative loading on a single factor in excess of 
2.58(SE) = 2.58(0.16) = 0.41 were considered to load significantly on that relevant 
factor.   

In Q-Methodology interpretation of the factor is based on statement scores. 
Statement scores are first computed as Z-scores, and then converted into the original 
Q-sort format for ease of interpretation. Each factor is then interpreted contextually 
and a name assigned for each subgroup according to its main characteristics.  

 

4.5 Results 

The four-factor extraction provides four distinct perspectives toward BMPs 
uptake (Table 17). These four factors are labelled as Conservationist, Traditionalist, 
Improvident, and Risk-averse.  

Table 17. Factor Q-sort value for each statement 

No. Statements  
Factors 

A B C D 
1 Our water here is as safe to drink as anywhere in the country -4 -4 0 -4 
2 I have never discharged waste into natural watercourses 1 4 -1 4 
3 Good water quality is a social benefit 4 3 3 3 
4 I can no longer fish from river that used to be a food source for a decade 0 -2 -1 -2 
5 Natural watercourses are contaminated with chemicals 0 -3 -3 -1 
6 If I adopt BMPs, the natural watercourse will be cleaner and water can 

be re-used for planting other crops 
3 3 3 3 

7 Government agencies should provide advisory services on soil 
management 

3 3 1 0 

8 To control weeds and grass, I prefer to use a power lawnmower than 
herbicides 

3 2 2 1 

9 Vetiver (local plant) can stabilise farm ditches, but I cannot afford to buy 
the plants  

0 2 0 -2 

10 I do not know which tree could reduce soil erosion effects -1 0 -1 -3 
11 Soil on my farm is easily eroded -1 -3 -2 -3 
12 I do not have enough land to allocate to BMP activities -1 -1 0 -2 
13 Chemically sprayed citrus from my farm is safe to eat  -2 1 2 2 
14 We should use organic substances instead of chemical pesticides on 

citrus farms 
2 2 2 -1 

15 If I do not apply pesticide as I have been accustomed to do, the fruit 
quality may drop 

-3 2 1 0 

16 Applying the dosage of chemicals suggested on the label will not harm 
human health 

-3 1 0 1 

17 Chemicals do not always imply toxicity -1 -2 -1 0 
18 Chemical-free labels on food are important for consumer purchasing 

decisions 
2 1 1 0 

19 I tend to use fertilisers that are widely used by my neighbours -2 1 1 -1 
20 An application of organic fertiliser rather than chemicals will reduce 

pollution 
2 1 3 1 

21 The application of organic fertiliser will give better fruit quality 0 -1 2 0 
22 I am happy to use fertilisers introduced by agricultural input retailers -3 -1 -2 -3 
23 Growers should apply the right amount of fertiliser to match the trees’ 

need because over-application will harm the environment 
1 -1 1 2 

24 Without an application of chemical fertiliser, trees do not provide good -2 0 0 1 
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No. Statements  
Factors 

A B C D 
yield  

25 BMPs are needed to stop fighting between citrus growers and residents 1 0 -1 1 
26 Man cause pollutant emission, therefore we should take some actions to 

lessen pollution.  
2 0 0 0 

27 Growers can comply with BMPs if they get enough monetary support 
from government 

1 1 4 2 

28 My neighbours will support me if I adopt BMPs 0 0 1 1 
29 We can gain more watershed benefits if we can restrict pollution from 

our farm production 
1 0 0 3 

30 In the long run, BMPs help enhance competitiveness in terms of food 
safety 

1 -1 0 2 

31 The BMPs will lead to more red-tape, but I can adopt them despite this 0 -3 -1 0 
32 We should restrict citrus cultivation to designated areas  0 0 -3 -1 
33 Labour requirement for BMPs is a big problem -1 -2 -3 0 
34 We could not introduce BMPs correctly because we do not have enough 

understanding 
-2 -2 -2 -1 

35 Most citrus growers are not aware of water availability in the watershed -1 -1 -4 -2 
36 I cannot adopt BMPs because I do not have enough funds 0 0 -2 -1 

 

4.5.1 The revealed perspectives: Distinguishing statements 

Factor A: Conservationist – keep earth green (12% of total variance) 

Fifteen participants loaded on this factor. Twelve are men and three are women. The 
average age of this group is 40.73 years (max. = 61; min. = 26). Its average size of 
land holding for citrus cultivation is 26.68 rai (max. = 100.00; min. = 2.50). Eight 
participants are in the upstream area and seven participants are in the downstream 
area.  

This discourse is pragmatic, moderately progressive, and environmentally 
favourable. The main aspect of this discourse is the belief that ‘good quality of 
environment brings better quality of life’. This obviously emphasises the sense of 
environmental management responsibility.  

This discourse sees the current problem of water resource degradation both in 
terms of quality and quantity (statement 4, 5, 35). It also considers the vulnerability to 
soil erosion on its farm (11). The finding, in parallel with the interview responses, 
explicitly highlights the need for government support in order to achieve better 
outcomes in soil management (9). 

This discourse is the only group expressing a belief that chemical-free labels 
on food items potentially affect consumers’ buying decisions (18). Moreover, it is 
relatively confident that more watershed benefits will be gained from BMPs adoption 
(29), and there is a belief that everyone is responsible for taking care of water 
resources (26). This discourse not only expresses strong environmental concern, but 
also presents itself as an environmental protector (2). On a related point, however, this 
discourse questions the readiness of its fellow citizens to participate in more eco-
friendly practices (28).  

This discourse has a highly distinctive concern over chemical use, which could 
harm humans and the environment (13, 16). There is a notable understanding that 
chemical applications are not the only choice for boosting yield and keeping up fruit 
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appearance (15, 24). This discourse also agrees that an application of organic fertiliser 
is superior to chemical fertiliser in terms of reducing pollution (20), but it has doubts 
about the consistency of the quality provided by organic fertiliser (21).  

Factor B: Traditionalist – resist the change (10% of total variance) 

Sixteen participants loaded on this factor. Ten are men and six are women. The 
average age of this group is 49.50 years (max. = 72; min. = 25). Its average size of 
land holding for citrus cultivation is 29.16 rai (max. = 104.00; min. = 5.00). Six 
participants are in the upstream area and ten participants are in the downstream area.  

This discourse is characterised by a resistance to change that is informed by a 
lack of self-confidence, a tendency towards a dependence on others, and a lack of 
open-mindedness to the wider world. However, those associated with this factor are 
socially integrated, and feel comfortable in their environment.  

This discourse perceives that water quality is being threatened (1), but this 
situation is not extremely unpleasant since it signals that at least water can currently 
be classed as fishable (4). Of all the discourses, this group places least faith in its 
ability to contribute to soil conservation and expresses doubts about received wisdom 
and prevailing perceptions of erosion control (10). On one point, however, there is a 
strong awareness of the advantage of using local plants to stop runoff and maintain 
soil stabilisation (9).  

For this discourse, worker requirement for labour-intensive practices is not a 
problem (33). However, it resists change and tends to conduct chemical-intensive 
farming (15, 21, 23), mainly to maintain fruit quality. Additionally, sources of 
resistance are clearly defined by the expression of uncertainty relating to potential 
watershed benefits (29), a lack of faith in the market for eco-friendly products (30), 
concerns over the complexity of governmental procedure (31), and fears about 
opposition from neighbours (28).  

Factor C: Improvident – call for support (12% of total variance) 

Seventeen participants loaded on this factor. Eleven are men and six are 
women. The average age of this group is 43.06 years (max. = 58; min. = 30). Its 
average size of land holding for citrus cultivation is 24.54 rai (max. = 180.00; min. = 
1.50). Six participants are in the upstream area and eleven participants are in the 
downstream area.  

This perspective is characterised by a recognition of resource degradation, 
self-regard and a distinctive demand for short-term returns. This may arise from the 
fact, as recorded during the interviews, that this group is facing lower yields and 
poorer quality of fruit as a result of pest and disease epidemics.  

This discourse is strongly centred on water availability for crop production 
and food sources (35, 4). This is undoubtedly because citrus production requires a 
huge amount of water. This group holds the perception that good water quality is a 
social benefit (3). However, statement 3 is statistically distinguished by having the 
lowest z-score when compared to the z-scores from the other discourses. On a related 
point, it expresses that water quality is being degraded and may not be safe for 
drinking (1). The notion of water quality is rather complicated for this discourse. It is 



 

 55

clear from the field observation that some participants fished from their farm ditch 
where chemicals were discharged. As revealed in the interviews, citrus growers did 
not show any sign of fear of exposure to chemical contaminants from eating these 
fish.  

This discourse agrees that sustainability could be promoted through the use of 
organic substances (20, 21), and perceives chemicals to be a hazard to human health 
(16). But contrarily, this discourse is farming in a way that generates pollutants (2), 
and also holds a different perspective from the other discourses in terms of farm 
pollution restrictions (29). 

Another standpoint can be found in its opinion of citrus zoning, with which 
this group is not in favour (32).  In Thailand, crop zoning aims to delineate the 
suitable area for each important crop in each watershed boundary. With the zoning, 
appropriate technologies such as good agricultural practices can be applied to the 
particular growing area. Disagreement with the practice of crop zoning implies an 
unwillingness to change current agricultural activities. 

This discourse also seeks immediate support to compensate for current losses 
and has doubts about a future market for eco-friendly products (30). One key 
outstanding viewpoint of this discourse is the perception that funds from government 
are essential factors to start a BMP scheme (9, 27). This is despite that fact that this 
group possesses fundamental resources such as land (12), labour (33), and funds (36).  

Factor D: Risk-averse – fear of loss (14% of total variance) 

Seventeen participants loaded on this factor. Fourteen are men and three are 
women. The average age of this group is 42.76 years (max. = 68; min. = 30). Its 
average size of land holding for citrus cultivation is 44.41 rai (max. = 200.00; min. = 
3.00). Fourteen participants are in the upstream area and three participants are in the 
downstream area. 

This discourse is primarily populated by upland citrus growers located in 
upstream areas where the argument over air pollution and excessive water 
consumption is always at the top of the agenda. It is market-sensitive. Besides this, it 
has doubts about the gains from adopting BMPs, and refrains from implementation 
due to costs and fear of economic losses. 

This discourse acknowledges that there are social benefits from farm pollution 
restrictions (29), and prefers to apply more eco-friendly practices in farm management 
(8). It is also equipped with environmental management knowhow (34, 10) and on-
farm resources (12). However, it is reluctant to change its current practices. The 
resistance comes from existing attitudes towards chemical use, which are 
compounded by a disagreement that chemicals can be effectively substituted by 
organic substances (14). This group also has a relatively strong belief that there are no 
severe consequences if chemicals are applied in a safe way (17). As revealed in the 
interviews, some citrus growers asserted that consumers buy fruit depending on its 
product attributes such as physical appearance, rather than production attributes. 
Thus, the citrus growers inevitably apply chemicals. They also stated that the 
government should promote and launch a campaign to raise consumer’s awareness of 
chemical-free fruit. 
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This discourse displays high awareness of soil conservation (10) and a 
capacity to allocate land to meet with BMPs criteria (12). However, during 
interviews, some citrus growers refused to divide their own land for vegetative and 
structural practices (i.e. buffer zones and onsite retention storage) because they felt 
that too much land was required, and investment costs were high. Further, farmers 
who are permitted to farm in deforested areas are restricted with land use regulation. 
For example, they are not allowed trenching, pitting, and other activities transforming 
land surface. Moreover, it is unlikely that this group would view a labour-intensive 
practice as being preferable as it states that labour requirements are a limitation to 
BMPs uptake (33). 

Another viewpoint of this discourse is a perception about the current condition 
of water resources. This discourse does not consider that water quality is being 
threatened (4, 5). Thus, if it must comply with the policy on BMPs, an amount of 
monetary support is requested from the government (27). This is to secure income and 
to comply with the regulation if particular materials, such as local plants to control 
soil erosion, are required (9).   

This combination of views is particularly distinctive. This group holds a 
positive attitude towards eco-friendly management, but refuses to change. This fits 
with a managerial profile which is highly responsive to income source, and gives 
environmental protection a lower priority than the economics of the farm business. 

4.5.2 Area of consensus: Consensus statements 

There are parts of consensus amongst all four factors. One statement receiving 
statistically indistinguishable z-score is statement 6. All participants agree that if they 
adopt BMPs, natural watercourses will be cleaner and could then be safely re-used for 
planting other crops. This consensus statement suggests that citrus growers perceive 
natural water resources as economic goods, and essential assets in farming. This is 
unquestionable since citrus production demands huge amounts of water and the cost 
of water acquirement is relatively high in terms of effective irrigation systems such as 
sprinklers. Further, citrus growers have experienced conflict over excessive water 
consumption amongst various water users in the watershed, as well as arguments 
between growers and local residents in the critical upstream areas. Therefore, they 
tend to believe that BMPs could help solve these existing conflicts through less-
polluted water and water recycling.  

 4.5.3 Extreme scores: Characterising statements 

The results indicate that there is a variety of beliefs toward the uptake of 
BMPs. The way growers view BMPs can be related to the way the attitudes of the 
distinct groups align with the pillars of sustainable agriculture. Statements that were 
given scores from the extremes of the scale were used to deepen the understanding 
about perceptions of sustainability oriented strategies. Position of each discourse 
according to their view towards sustainability concept is illustrated in Figure 9. The 
statements ranked by the conservationist relate mainly to the ecological strand of 
sustainability. This discourse demonstrates its interest in minimising adverse impacts 
on health and the environment (1, 6, 7, 22). It also demonstrates a high level of 
respect for human welfare. This is indicated by a willingness to produce within 
generally accepted environmental and social standards (8, 15, 16). Though a few 
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extreme statement scores appear in the economic aspect, these statements reveal a 
social preference for conserving water quality.  

 

Figure 9. Discourse position according to sustainability concept 

 

The traditionalist views BMPs uptake from both social and ecological 
viewpoints. It shows a preference for minimising adverse impacts on water quality (1, 
6), and awareness of the need to protect natural resources through its traditional 
lifestyle (2, 5, 7, 11, 31). Like the conservationist, there are a few statements in the 
economic aspect representing its consideration for others (3). 

The improvident scores highly on ecological and economic issues. Ecological 
statements reveal an interest in sustainable agriculture (5, 6, 20). Its anxiety about 
water availability in the river basin indicates awareness of the need to use physical 
resources at rates ensuring long term sustainability (35). On the economic aspect, this 
discourse expresses strongly the view that payment from the government is required 
to start BMPs uptake. In relation to the sustainability concept, this money is viewed as 
a viable tool to promote opportunities in family farming and to secure farm income 
(27). Though no extreme score is placed in the social aspect, a few ecological and 
economic statements reflect a respect for social welfare (3, 32 33). 

The risk-averse, like the traditionalist, mainly places high scores under the 
social and ecological themes. The correlation coefficient for both discourses is 
relatively high compared to other pairs of discourses (Pearson’s r = 0.6404). 
However, the risk-averse also expresses interest under the economic theme. It shows a 
preference for maintaining flexible and competitive conditions which contribute to an 
economically viable business (1, 2, 6). A few statements also reflect a relatively high 
confidence in their own basic knowledge regarding good agricultural practices (10, 
11, 22). Moreover, it values the fact that BMPs potentially promote social benefit 
(29). Like other discourses, a statement in the economic aspect reflects a 
consideration for social welfare (3).   

Overall, it is important to highlight that parts of the social views of all 
discourses are shaped by concerns related to economic returns.  
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4.6 Discussion 

The bottom-up results from Q-Methodology may provide policy makers a 
manageable volume of information for enhancing BMP adoption rate. The four 
discourses indicate that there are differences between the ways in which citrus 
growers view BMP adoption. Beside this, the result also suggests that there might 
have a chance to promote BMPs as tools to control agricultural diffuse pollution as 
farmers generally hold environment value of water resource. Area of consensus, for 
example, signals that voluntary participation could be promoted by presenting BMPs 
as ways to conserve water. Further, extreme score can be useful to define detailed 
characteristics of each discourse.  

However, there is a limitation for the Q application. As the sample is not 
randomly selected, a reliable generalisation based on farm and farmer characteristics 
is unlikely (Danielson 2009). For example, the predominance of Discourse B and C is 
mainly downstream farmers while almost all of citrus growers in Discourse D are 
upstream farmers holding relatively large farm size. However, assuming that these 
particular socio-economic characteristics are defining factors may not absolutely 
right. For instance, there have been some downstream farmers who share other 
discourses, thus being downstream farmers can not be the only reason for defining 
Discourse B or C. Similarly, being upstream farmers with large average farm size 
emphasising Discourse D is not generalisable as there are other large scale upstream 
farmers who do not load in Discourse D. In conclusion, what can be inferred from this 
study is that there are a number of perspectives of farmers in the Ping river basin and 
that farmers share common perspectives about BMP uptake. 

 

4.7 Conclusion 

An application of Q-Methodology aims to understand farmers’ attitudes and to 
identify the ways environmental issues are perceived. Evidences from Q-
Methodology are expected to enrich findings from the TPB and econometric 
estimation analysis by mapping the different perspectives of citrus growers relating to 
BMP uptake.  

The first step in Q-Methodology was to develop a concourse and to establish 
the Q-Sample. In this study, concourse was gathered from personal interviews and 
published materials such as newspaper, public hearings and government reports. A 
concourse of 419 statements was derived. These statements were categorised by a 
data matrix and 36 statements were drawn from the concourse. Seventy two 
participants were purposively selected from the sample set of TPB study. The 
participants included 51.39% of upstream growers and 48.61% of downstream 
growers. The Q-sorting was conducted during winter 2007/2008 and summer 2008.  

Data were analysed using factor analysis and factor rotation provided by the 
PQMETHOD software. Findings revealed a diverse range of opinions and determined 
salient beliefs toward BMP uptake. The four-factor solution gave the most coherent 
explanation with 48% of total variance. These four distinct groups were then labelled 
according to their main characteristics, and these were Conservationist, Traditionalist, 
Improvident and Risk-averse.  
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In short, the Conservationist is pragmatic, moderately progressive and 
environmentally favourable. The Traditionalist tends to resist BMP adoption. This is 
signalled by a lack of self-confidence and narrow-minded views toward policy 
changes. The Improvident recognises a state of natural resource degradation, but 
shows a distinctive demand for short-term returns to compensate for current losses 
from farming. The Risk-averse is market-sensitive and it refrains from BMP adoption 
because of fear of economic losses. Though four groups hold different subjectivities 
in their attitudes toward BMP uptake, there are parts of consensus. The consensus 
suggests that growers perceive natural water resources as economic goods and 
essential assets in farming. Viewpoints of these four groups were then used to deepen 
understanding about perceptions of sustainability concept comprising ecological, 
social and economic aspects.  

In sum, Q-Methodology is an alternative method to assess human subjectivity 
in a systematic way. Furthermore, it would help modify the assumptions of 
objectivism underlying the R-Method typically used by traditional economists. In this 
study the strengths of Q-Methodology are that it allows growers to model their own 
attitudes, and it preserves self-referent factors during a statistical analysis. Evidences 
from this study reveal that important beliefs are different from group to group. This in 
turn implies that a well-designed policy to meet with the needs and desires of the 
growers potentially increases participation. 
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5.0 FARM-LEVEL COST ANALYSIS  

 
 

Farmers are the decision makers who bear a substantial financial responsibility 
for any conservation practices being implemented on farms. They are likely to 
consider both perceived costs and perceived benefits that accrue to them when making 
decision about their resources. However, it is practically difficult to draw definitive 
conclusions regarding the net benefits of BMP adoption from either farm or social 
perspectives. Alternatively, cost estimate for BMPs in several fields have been 
investigated, including stormwater management (Sample et al. 2003), forestry sector 
(Cubbage 2004), or even agriculture (Wossink and Osmond 2002; Afari-Sefa et al. 
2008). Though this cost estimate could not provide conclusive evidence on 
relationship to a predicted or desired water quality level, but it could provide some 
insights about whether farmers make decision based on costs of adoption. Further, this 
cost estimate could be useful to government agent if financial assistance is required to 
encourage adoption rate.  

 This chapter outlines the cost investigation of twelve BMPs recommended for 
citrus production in the Ping river basin. Calculated based on the assumption that all 
practices are optimally sized and designed from an engineering point of view, costs of 
BMP are divided into two components which are installation and annual maintenance 
costs, and land opportunity cost. Then, a concept of annualised cost is applied to 
compare investment projects of unequal lifespans. The last section is a discussion 
based on farm-level cost estimation and farmers’ adoption intention.  

 
 
5.1 Cost Statement of BMPs for Citrus Production in the Ping River Basin 
 

In terms of BMP adoption there are at least two components of cost facing 
each farmer. These are the installation and annual maintenance of BMPs, and the 
opportunity cost of land due to the lost production of the land used for BMP 
installation (Wossink and Osmond 2002; Field et al. 2006). The installation costs will 
occur in the first year when the BMP is installed, whist other costs such as 
maintenance and opportunity costs may occur yearly through the life of BMP 
implementation. The cost structures of each BMP are illustrated in table 18. The unit 
measurement is illustrated in terms of THB/ rai.  
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Table 18: Cost components of BMPs 
unit: THB/ rai 

BMPs 
Installation 

costs1 

Annual 
maintenance 

costs2 
Land opportunity costs3,4 

Good Husbandry    
1 Scheduling water structure 2,250 300 - 
2 Apply herbicide within tree 

canopy 
- 882 - 

3 Basic restrictions for pesticide 
application 

1,360 30 - 

4 Soil analysis 3,300 1,650 - 
Vegetative Practices    

5 Vegetative cover 1,200 400 - 
6 Mulching 882 294 - 
7 Vegetative buffer strip 1,125 90 Approx. 4,530 – 7,5505 
8 Grassed waterway 1,365 120 Approx. 7,550 – 10,5806 

Structural Practices    
9 On-site retention storage 15,155 765 Approx. 12,090 –15,1107 

10 Terracing 1,847 935  - 
11 Permanent mix-load and sprayer 

wash-down site8 
5,181 259 1,511 

12 Riparian setbacks 163 20 Approx.3,020 – 4,5309 
Notes: 

(1) Instalment costs occur in the first year when BMP is installed 
(2) Annual maintenance cost such as machinery and labour cost is to ensure the effectiveness of 

BMPs 
(3) Annual opportunity cost of land occurs from taking land out of production. It is derived from 

production capacity of tree (kg) x price/ kg x number of removed tree  
(4) The calculation is based on the assumption that each tree requires planting area of 3m x 6m, 

each tree yields 100kg/ year (based on farmers’ interviews), and average price is 
THB15.11/kg (source: DOAE 2007) 

(5) This BMP requires at least 6m x 15m for critical zone in the field, thus it could cause loss of 
3-5 trees/ rai 

(6) This BMP requires an area of 2.5m x 40m, thus it could cause loss of 5-7 trees/ rai 
(7) This BMP requires an area of 160m2/ rai, thus it could cause loss of 8-10 tress 
(8) Cost estimate of this practice varies by farm size. The calculation is presented in Appendix E 
(9) This BMP requires an area of 40m2/ rai, thus it could cause loss of 2-3 trees 

 
 
5.2 Installation and Annual Maintenance Costs 
 

The bottom-up approach, or the industrial engineering approach, is used to 
estimate BMP cost. Within this approach all elements of work are listed and the costs 
associated with each work item is assigned and summed to obtain the total cost 
(Afari-Sefa et al. 2008). Cost components are derived from US Environmental 
Protection Agency (2000; 2008) and cost figures are estimated item-by-item by 
engineer. Costs of materials employed in the BMP construction and establishment is 
estimated using the 2007 prices obtained from local retailers, and machinery and 
equipment is assumed to be rented at 2007 retail rates. Details of installation and 
maintenance costs for each BMP are presented as followings: 
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Scheduling water structure 

The construction of water structure (i.e. irrigation ditch) requires earthwork 
such as excavation and planning of irrigation routes. Further work is removing 
unwanted tress from the ditch lines. This costs approximately THB2,250/ rai. In the 
following years to maintain the ditch cross-sectional area, maintenance costs include 
ditch maintenance such as weed control and sediment removal. This could cost 
THB300/ rai/ year. 

Apply herbicide within tree canopy 

No installation cost is required for this practice because weeds grow on 
agricultural land when the land is left undisturbed. The cost of applying herbicide 
within the tree canopy depends on several factors such as weed species, number and 
size of weeds, weather condition, soil moisture and selective herbicide. To maintain 
the effectiveness of this practice the use of herbicide should be structured to maintain 
desired vegetation. For example, application should remove broadleaf vegetation 
while maintain grasses. The estimated maintenance costs should not exceed THB882/ 
rai/ year including labour and equipment.  

Basic restrictions for pesticide application 

The first year costs include spraying equipment and its accessories. This could 
cost approximately THB1,360/ rai. Yearly maintenance includes labour and 
equipment replacement which is as low as THB30/ rai. 

Soil analysis 

The first year costs include soil collection equipment and soil collection 
training, analysis services, interpretation manual, and use of appropriate organic 
fertiliser to target area. This could cost THB3,300/ rai. Effective nutrient management 
in the following year requires analysis services and use of appropriate organic 
fertiliser. This should not exceed THB1,650/ rai/ year. 

Vegetative cover 

The establishment costs of this BMP are based on seedling and types of grass 
matching with the climatic conditions in the Ping river basin. The types of grass and 
seeding methods affect the cost of seeds and tillage. However, it is estimated that 
overall installation costs should not exceed THB1,200/ rai. Yearly maintenance costs 
are THB400/ rai including reseeding in destroyed area and vegetative maintenance. 

Mulching 

The installation costs include materials such as straw or plastic sheet. 
Furthermore, labours are required during the processes of mulching and layering 
mulch. Overall costs should not exceed THB882/ rai. Proper maintenances include re-
mulching and re-layering and these can cost THB294/ rai/ year. 
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Vegetative buffer strip 

If land must be cleared and graded installation of buffer strip should cost 
THB1,125/ rai. To maintain the effectiveness of this practice any excessive sediment 
on the buffer strip should be removed periodically and the strip should be reseeded as 
necessary. Furthermore, the strip should be mowed regularly. These yearly 
maintenance could cost THB90/ rai. 

Grassed waterway 

The establishing costs of this BMP vary depending on the equipment and 
labour costs, grading, seed and fertiliser selected. Overall costs, however, should not 
exceed THB1,356/ rai. Once the vegetation is established its maintenance costs are 
minimal. These costs include repairing rills and gullies and removing accumulation of 
deposited sediment which can be low as THB120/ rai.  

On-site retention pond 

The site selection is important in terms of topography, water supply and soil 
type. The installation costs are varied and largely cover earthworks. The pond size of 
10% of total planted area can storage water for up to 120 days. Therefore, the 
construction costs expected to be approximately THB15,155/ rai (for a pond sized 
12.65m x 12.65m  x 3m). The maintenance costs are low but care may be needed for 
removal of excessive sediments. Further, trimming and replanting vetiver grass is 
needed if it is planted around the edges of a pond to prevent sediment eroded from the 
pond’s edges. These annual maintenance costs should not exceed THB765/ pond. 

Terracing 

Construction costs of terracing include earthwork to build terraces and outlet 
facilities. Additional costs cover vegetation establishment. Construction costs are vary 
greatly depending on the size of terrace and outlet. Typically, construction cost should 
not exceed THB1,847/ rai. Periodic and post-run-off inspections are required with 
prompt repair of damaged components. Moreover, maintenance of ridge height and 
outlet elevations, removal of excessive sediment, and maintenance of vegetated area 
which may require replanting are also needed. These yearly maintenance costs are 
approximately THB935/ rai. 

Permanent mix-load and sprayer wash-down site 

This practice requires an installation of chemical storage, and mix-load and 
wash-down area. Literatures show that the size of functional areas of an operation is 
dependent on the amount of pesticides stored at the facility (Kammel and O’Neil, 
1990; US Army Center for Public Works, 1997), and storage area should able to hold 
at least 10% more than chemicals applied in latest season (Dean 2004; Sumner and 
Bader 2009). Accordingly, cost estimate of this practice is based on the concept of 
mixed costs. That is, costs contain both fixed and variable costs and are partly 
affected by change in the level of activity (i.e. farm size and chemicals application). 
Assumptions for cost estimate are presented in Appendix E. Average installation cost 
is as high as THB 5,181/rai, while the annual maintenance cost is estimated at 
THB259/rai.  
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Riparian setback 

The setback distances are established from the edge of stream in which 
riparian areas are left as natural as possible. Typically, setback widths of 9.15m can 
serve an area of approximately 80.95rai (Geauga Soil and Water Conservation District 
2006). with the assumption that farm has a square shape, an area of around 40.65m2/ 
rai is thus required for setback areas. Though existing natural vegetation is usually 
preferred, but planted stock may be used. The overall installation costs are estimated 
at THB163/ rai. Annual maintenance cost includes subsequent cutting/ trimming, 
selective herbicide application, and replanting or reseeding some damaged areas. 
These costs should not exceed THB20/ rai. 

Figure 10 illustrates the proportion of installation and annual maintenance 
costs. The results show that the construction costs occurred in the first year is very 
important for every BMP adoption, excluding practice 2 (apply herbicide within tree 
canopy) from Good Husbandry category. The annual maintenance costs range from 
2% for practice 3 (basic restrictions for pesticide application’) to 100% for practice 2. 

 

 
 

Figure 10. Proportion of installation cost and annual maintenance cost 
 
 
5.3 Opportunity Costs 
 

Land opportunity cost occurs from taking land out of production. In this study 
it is estimated based on related square meter of land necessary to build the 
appropriately sized BMP as recommended by US Environmental Protection Agency 
(2008). In other words, land opportunity cost is the potential yield of each citrus tree 
(kg) multiplied by price per unit (THB/kg), and multiplied by total number of 
removed tress. Based on farmers’ interview, each tree requires a planting area of 18m2 
(i.e. 3m x 6m) and can yield 100kg/ year in average. An average selling price in year 
2007 was THB15.11/kg  (DOAE 2007).  
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In this study five BMPs incur land opportunity costs. These are vegetative 
buffer strip, grassed waterway, on-site retention pond, permanent mix-load and 
sprayer wash-down site, and riparian setback. The opportunity costs of the rest 
practices are considered zero (Table 18). The installation of vegetative buffer strip 
is recommended for only in critical zone in the field, and the land opportunity cost is 
approximately estimated as THB4,530 – THB7,550/ rai. Land opportunity cost for 
grassed waterway can be estimated as from around THB7,550 – THB10,580/ rai. The 
construction of on-site retention pond causes a land opportunity of as high as 
THB12,090 – THB 15,110/ rai. The opportunity cost for installation of permanent 
station for mix-load and sprayer washing-down is estimated at THB1,511/rai. Finally, 
the opportunity cost for the establishment of riparian setback is estimated as around 
THB3,020 – THB4,530/ rai. 

 
 
5.4 Annualised Costs 
 

The expected lifetime of each BMP vary and, thus, causes complication in cost 
comparison. Accordingly, installation costs are reduced to annual values using the 
relationship (Gitau et al. 2004) in equation 9:  
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(Equation 9) 

 
where 

ABMP Annualised cost for BMP (THB) 
Z Capital cost of a BMP (THB) 
r Time value of money or social discount rate (%) 
n Expected lifetime of the BMP (years)  

  

 In this study it is assumed that Good Husbandry will have a one year lifespan, 
while Vegetative Practices and Structural Practices are expected to have a longer 
lifespan. Based on agronomist and engineer works the expected lifespan of Vegetative 
and Structural BMPs are presented in Table 19. 

 
Table 19. Expected lifespan for Vegetative and Structural Practices 
 

BMPs Lifespan (years) 
Vegetative Practices 

Vegetative cover 5 
Mulching 3 
Vegetative buffer strip 10 
Grassed waterway 10 

Structural Practices 
On-site retention pond 10 
Terracing 10 
mix-load and wash-down site 10 
Riparian setbacks 10 
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 To capture all economic costs, opportunity costs were included in the cost 
analysis. The social discount rates in Southeast Asian countries are relatively high and 
based on the Social Opportunity Cost of Capital approach (Zhuang et al. 2007). This 
discount rate is set at 10% (Niskanen 1998; World Bank 2005). Table 20 represents 
the total annualised costs of each BMP.  

 

Table 20. Annualised cost estimates for twelve BMPs 
unit: THB/ rai 

BMPs 
Installation 

cost 

Annual 
maintenan

ce cost 

Annual land 
opportunity 

cost1 

Annualised 
installation 

cost 

Total 
annualised 

cost 
Good Husbandry      
1. Scheduling water 

structure 
2,250 300 - 2,475.00 2,775.00 

2. Apply herbicide 
within tree canopy 

- 882 - - 882.00 

3. Basic restrictions 
for pesticide 
application 

1,360 30 - 1,496.00 1,526.00 

4. Soil analysis 3,300 1,650 - 3,630.00 5,280.00 
Vegetative Practice      
5. Vegetative cover 1,200 400 - 316.56 716.56 
6. Mulching 882 294 - 354.67 648.67 
7. Vegetative buffer 

strip 
1,125 90 6,040 183.09 6,313.09 

8. Grassed waterway 1,365 120 9,065 222.15 9,407.15 
Structural Practice      
9. On-site retention 

storage 
15,155 765 13,600 2,466.41 16,831.41 

10. Terracing 1,847 935  - 300.59 1,235.59 
11. Permanent mix-

load and sprayer 
wash-down site 

5,181 259 1,511 843.18 2,613.18 

12. Riparian setbacks 163 20 3,775 26.53 3,821.53 
Notes:  1) Average value is used as a proxy of land opportunity costs 
 

By comparison, practice 9 (On-site retention pond) has the highest total 
annualised cost which is estimated as THB16,831.41/ rai. This high annualised cost is 
due to the land opportunity cost as a proportion of total cost (Figure 11). Further, from 
all BMPs the top three practices having the highest total annualised cost are also those 
having the highest opportunity cost (practice 7, 8, and 9). The finding indicates that 
opportunity cost is the critical determinant of conservation practice.   

 
 



 

 67

 
Figure11. Economic cost of BMPs 

 

5.5 Discussion  

In this study farmers performed decision making based on the perceived cost 
of adoption. This decision making process lines with Reed’s (1999) argument, in that, 
the perceived cost, rather than the absolute level of cost, is an important determinant 
in investment judgment. Accordingly, the cost to be discussed in this part is based on 
farmers’ perceived costs at the time the decision was made. These perceived costs 
include one-time payment of installation cost, annual maintenance cost and annual 
opportunity cost. In Figure 12 and Figure 13, the bar charts present numbers of 
farmers selecting a particular BMP as their first option, while line graphs present total 
costs of each BMP. In general the results show that the most popular options lie in the 
Good Husbandry, followed by Structural Practice and Vegetative Practice.   

   In Figure 12 the total costs, excluding land opportunity costs, showed that 
Structural Practices especially practice 9 (on-site retention storage) and practice 11 
(permanent mix-load and wash-down site) were not financially attractive, but farmers 
still prefer to adopt. Similarly, practice 4 (soil analysis) in the Good Husbandry is the 
most preferable BMP amongst farmers though it has the highest investment costs.  
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Figure 12. Installation and annual maintenance costs vs. Adoption intention 

 

In Figure 13 the bar graph is plotted against line graph to present how the land 
opportunity cost might affect farmers’ adoption intention. Practice 7 (vegetative 
buffer strip) and practice 8 (grassed waterway) from Vegetative Practice, and practice 
9 (on-site retention storage), practice 11 (permanent mix-load and wash-down site) 
and practice 12 (riparian setbacks) from Structural Practice have relatively high land 
opportunity costs. Numbers of farmers who prefer to adopt those BMPs are relatively 
low especially compared to BMPs from Good Husbandry where opportunity cost is 
considered zero. 

 

 
Figure 13. Land opportunity costs vs. Adoption intention 
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 Figure 14 presents the total cost of each BMP against numbers of farmers 
preferring such BMP as their first adoption option. It is likely that farmers prefer 
BMP with low investment costs to that with higher investment costs. However, the 
graph does not show a definite trend in the relationship between the total cost and 
preferred BMP. For example, practice 9 and practice 11 have relatively high 
investment cost, but still be the preferable options for a number of farmers.  

 

 
Figure 14. Total costs VS. Adoption intention 

 

The findings simply indicate that although cost is regarded as an important 
determinant in adoption decision, it may not be the most important factor. In this 
study farmers were asked to consider perceived costs (and perceived benefits) from 
BMP adoption. Accordingly, they may value costs (and benefits) at the price they 
have experienced with and make decision to meet their own objectives and farm 
constraints (Lutz et al. 1994). Further, cost perception varies across farmers and this 
can influence their adoption intention of certain practice (Huijps et al. 2009). Thus, 
even the costs of conservation practice exceeds the benefits in the short run this may 
not discourage adoption by some farmer groups. The findings are similar to the work 
of Sattler and Nagel (2010) in that other factors than cost are equally or even more 
important for adoption new technology.  

 

5.6 Conclusion 

The objective of this chapter is to estimate cost of BMP adoption and 
understand cost structure of BMP recommended for citrus farm in the Ping river 
basin, and to determine whether farmers estimate the cost of BMP adoption when 
making decision. Costs are separated into installation cost, annual maintenance cost, 
and land opportunity cost. Further, BMP costs were analysed based on the bottom-up 
approach. By doing so, labour-hours and materials of each element of work are 
estimated, priced and accumulated into a total cost. For comparison, annualised cost 
was calculated for capital cost of BMPs which have different lifespans. The analysis 
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revealed that installation cost is the very important in BMP adoption, but for some 
BMPs particularly those in Vegetative Practice and Strucutural Practice categories 
land opportunity cost outweighs the installation and annual maintenance costs. This 
would clarify that opportunity cost of land is also critical for farmers’ adoption 
intention and could possibly affect selection of BMPs.  

 An investigation into the relationship between costs and farmers’ adoption 
intention was done based on the assumption that farmers made decision upon 
perceived cost, rather than actual cost of BMP adotpion. The line graph presenting 
total cost of BMP adoption was plotted against the bar graph presenting numbers of 
farmers selecting such BMP as their first option. There is no definite trend in the 
relationship between cost and adoption intention. Despite this limit, a few conclusions 
can be drawn. Firstly, land opportunity cost is a large proportion of total cost. This is 
followed by first-year installation cost and annual maintenance cost. Secondly, 
farmers value costs in a different ways because they have different preference toward 
BMPs. Accordingly, (perceived) cost varies across farmers and could affect adoption 
intention for certain BMP.Thirdly, cost is crucial in decision making but it may not be 
the most important determinant. This is because farmers may make decision based on 
other farm’s goals such as environmental stewardship.  
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6.0 CONCLUSIONS AND IMPLICATIONS 

 

This study applies a model based on psychological theory and economic 
behaviour to analyse adoption intention of farmers and to investigate factors and 
incentives that affect farmers’ attitudes towards adoption of BMPs. The first section 
in this chapter summarises the main findings revealed during the analyses of extended 
TPB model, Q-Methodology, and economic cost estimation. Implications for policy 
makers are discussed in the following section. General advices based on TPB results 
are first proposed. Then, with a consideration that policy should be designed in 
consonant with the values of implementing agent (i.e. farmer), more specific policy 
instruments and recommendations are suggested. Concerns over a development of 
sustainable agri-environmental policy are discussed. 

 

6.1 Summary of Main Findings 

The analyses based on two psychological theories, TPB and Q-Methodology, 
document important factors that farmers take into account when making decision 
upon BMP adoption. A supplementary analysis of economic cost estimate breaks 
down various cost categories into the structure of farm-level costs required to 
establish and maintain particular BMPs. A summary of the main findings is discussed 
as followings. 

6.1.1 The preferable BMP 

The empirical analysis shows that for both upstream and downstream farmers 
Good Husbandry is preferred to Vegetative and Structural Practices. There are a few 
reasons why Good Husbandry is more attractive than other BMP categories.  

1. Good Husbandry offers several advantages over other functional categories. 
For example, it can be trialled in a small-scale for learning process and its effects are 
observable in shorter time compared to other BMP categories.  

2. Farmers are likely to adopt the practice they perceive that the benefits 
outweigh the costs. This is supported by the finding that soil analysis, as one of the 
Good Husbandry practice, is the most preferable BMP. This finding is consistent with 
the work of Rolfe et al. (2008) who found that nutrient management is in favour 
amongst farmers because the perceived benefits, such as input use reduction, exceed 
perceived implementation costs.  

3. In Thailand there is a legislative or regulatory control that limits certain 
actions. Farmers are allowed to farm in a former forest reserve. They hold utilisation 
certificate but are restricted with some land use regulations such as extensive 
earthworks. This could be a barrier for adoption of Vegetative and Structural 
Practices. 
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4. Vegetative and Structural Practices may not compatible with existing farm 
layout or operations. Thus, farmers perceive an increase of overall complexity in land 
management system from the adoption.  

6.1.2 Differences in farmer’s attitudes and characteristics 

The empirical analysis based on an extension of TPB model identifies 
significant determinants that influence adoption intention of farmers. Moreover, a 
supplementary of M-W test helps in explaining the rationales behind farmers’ 
differences. It illustrates how farmers’ psychological variables (or thought process) 
differ and identifies differences in existing external conditions between upstream and 
downstream farmers. 

Furthermore, Q results enrich findings from TPB by illustrating the different 
perspectives of farmers relating to BMP uptake. Four farmer groups from Q study 
suggest that there is a wide variety of farmers’ attitudes towards BMP adoption. 
Salient statements reflect important beliefs and reveal the logic behind farmers’ 
positions. However, because the sample is not randomly selected the Q result could 
not be generalisable beyond the study population, and explanation using external 
variables such as socio-economic factors is unlikely (Danielson, 2009). Accordingly, 
Q provides only the information of what different perspectives exist and also what 
farmers share as common perspective about BMP uptake.  

6.1.3 Contribution of psychological variables in the study of economic 
behaviour 

Theoretically, economic model offers an understanding of factors affecting 
adoption, whereas psychological construct explains how such adoption is translated 
into decision making (Montoya et al. 2000). Failure to incorporate these two 
disciplines into the behaviour study could result in welfare distortion of agri-
environmental policy. This is because parts of individuals’ behaviour is boundedly 
rational, but policy is often made based on unbounded rationality assumption 
(Guagnano et al. 1995).  

As such, this study employs psychological principles of behaviour and 
psychological methods of measurement in survey and interview in order to induce 
new psychological variables into the model, which in turn can provide a better 
explanation and prediction of economic phenomena (i.e. BMP adoption). The 
importance of psychological variables in economic behaviour is supporting by the 
findings from the empirical model. TPB results indicate that both psychological and 
economic perspectives are critical determinants for understanding why farmers adopt 
conservative practices. Thus, policy makers should take into account the value, belief 
and incentive of target population when implementing policies. Further, Q results 
highlight different patterns of perspectives and offer insights into how such 
differences are constructed. The findings based on psychological segmentation are 
useful in the selection of policy instruments which will be discussed in the next 
section.  
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6.1.4 Influence of perceived costs on adoption intention 

This study highlights three main findings about influence of (perceived) costs 
upon adoption intention. First, land opportunity cost is critical in the profitability and 
selection of BMPs, and could be a barrier for adoption of certain BMPs. According to 
Neill and Lee (2001), adoption of new innovation will take place if alternative land 
uses are more economically viable. However, because benefits from BMP adoption 
are not always apparent and given a minimum scale of land needed to trial BMP is 
large, these could deter farmer’s adoption (Pannell 2003). This is evident from the 
economic cost analysis in that BMP with huge land opportunity cost is less preferred.  

Second, influence of perceived cost varies across farmers and whether farmers 
adopt a new technology is partially dependent on their internal factors. As discussed 
by Gelso et al. (2008), farmers’ perceived cost is influenced by personal attitudes 
towards conservation practices. This is supported by the Q results which reveal that 
there are significantly different perceptions towards upfront costs amongst farmers. 
That is, the improvident is the only group who states that fund is essential factors to 
start a BMP scheme.  

Third, perceived cost plays essential part in decision making, but it may not be 
the most important determinant in farmers’ adoption intention. This conclusion is 
supported by a TPB and its empirical analysis, and the cost estimation of BMP. 
During the stepwise regression analysis perceived cost was firstly entered into the 
equation, but it was then removed from the equation in the final step. Further, a study 
of economic cost of BMP shows that BMP with low investment cost is prefer to that 
with relatively high investment cost. However, there is no definite conclusion 
regarding relationship between costs and adoption intention.  

 

6.2 Implications 

The information from a joint work of social psychological model and cost 
estimation allows improved decision-making at both farm level and regulatory level. 
Decisions to change a land use management are underpinned by farm environs, 
growers’ backgrounds, and personal values and goals. At the current socio-economic 
environment, growers may need assistances in order to experience new innovations 
and achieve sustainable agriculture. Policy makers need to develop policies and 
programmes to overcome barriers and motivate growers to adopt practices that help to 
protect water quality.  

This section highlights potential interventions and makes policy implications 
based on evidences from the findings. In a general sense the key findings from TPB 
and empirical study indicate the importance of promoting supportive campaigns 
through a psychological construct. Moreover, an early intervention program could be 
developed by targeting directly to external factors. Later, the discourse analysis 
unfolds policy instruments and recommendations to increase growers’ participation.  
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6.2.1 Potential intervention  

The logistic regression analysis includes a set of psychological variables and 
additional variables to increase a predictive power to the model. Results show that the 
likelihood of adopting BMPs is associated with farm size, contribution of family 
worker in farm workload, access to information sources apart from government agent, 
and dependency on other crops. Moreover, two significant psychological determinants 
are consumer referent and growers’ perceived farm return.  

Taking into account a deficiency of TPB in explicitly indicating the specific 
intervention (Barker and Swift, 2009), general guidelines for government intervention 
benefit by focusing onto significant factors and launching relevant policy to induce 
behaviour change (Ajzen 1991). Based on the results, there are a few ways the TPB 
and its regression analysis could inform intervention. First, the results suggest which 
specific psychological determinants should be addressed. Government can pay 
attention to important beliefs that underlie growers’ attitudes and design intervention 
to increase adoption rate. As consumers are the major referents influencing adoption 
intention, channelling of information through customers is likely to be an indirect 
motivation to increase growers’ participation. Moreover, perception about farm return 
is a significant barrier to BMP adoption. As fixed investments and significant capital 
layout are required, incentive systems could be considered to keep growers engaged 
(Fielding et al. 2005). Second, the analysis indicates that influence of additional 
determinants on adoption intention is attributed to backgrounds of growers. Growers 
with different backgrounds prefer to adopt different BMP categories. Policy makers 
can consider these additional determinants as an entry point for policy intervention. 
This may offer an immediate opportunity to improve participation rate amongst target 
growers. 

Overall, the results from an application of TPB and statistical analysis suggest 
that both beliefs and farm environs influence farmers’ decision process. In the next 
section, farmer’s typology based on subjective perception is used to inform more 
specific policy instruments and recommendations. 

6.2.2 Policy instruments and recommendations 

Previous works suggest that attitude study is important for implementing 
policy (Tjernstrom and Tietenberg 2008). Similarly, Pannell et al. (2006) support the 
need for psychological segmentation amongst farmers so that appropriate policy 
instruments could be designed to remove adoption barriers which vary across farmers. 
With Q results, policy makers could benefit from translating existing barriers of each 
group into potential recommendations. A small-scale model of Q study is overlaid, 
and leads to more specific and pertinent intervention. Results from Q-Methodology 
reveal farmers’ hidden concerns relating to BMP adoption (Table 21). These concerns 
towards new policy adoption is known as a status-quo bias which arises when an 
individual prefers the current position rather than changes in the provision of 
environmental commodities, and this bias can be reduced through removing 
uncertainties from adoption (Venkatachalam 2008) 
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Table 21. Policy instruments 

Factor Characteristics Current states and  concerns 
over negative impacts 

affecting farm business 

Policy instruments 

Factor A:  
Conservationist 

- Pragmatic 
- Moderately progressive 
- Environmental favour 

Current state 
- Water quality 
- Water quantity 
- Soil conservation 
- Chemical application 
 
Concerns ( if adopt) 
- Support from community 
- Fruit quality  

- Innovation 
dissemination 

- Marketing campaign 

Factor B:  
Traditionalist 

- Shaped by traditional 
farming communities and 
farming culture 

- Not so self confident 
- Indifferent with the 

current condition 

Current state 
- Water quality 
- Soil conservation 
 
Concerns ( if adopt) 
- Community exclusion 
- Fruit quality 
- Insecure market 
- Enrolment complexity 
- Unforeseen watershed 

benefits  

- Marketing campaign 
- Bureaucracy 
- Innovation 

dissemination 
- Education 

Factor C:  
Improvident  

- Recognition in natural 
resource degradation 

- Self-regard 
- Demand for short term 

return 

Current state 
- Water quantity 
- Water quality 
 
Concerns ( if adopt) 
- Compensation  
- Insecure market 

- Market-based incentive 
- Marketing campaign 

Factor D:  
Risk-averse 

- Sensitive to market 
- Concerns over gains from 

adoption 
- Fear of loss  

Current state 
- Soil conservation 
 
Concerns ( if adopt) 
- Compensation  
- Insecure market 

- Market-based incentive 
- Marketing campaign 

 

Five policy instruments are recommended to provide incentives and motivate 
farmers to participate in BMP programme (Table 21). 

 Market-based incentive 

Farmers adopting BMPs provide environmental services in terms of farm 
management to society.  Theoretically, unless adopting farmers are compensated for 
producing the extra benefits, the externality is not priced and market failure is a 
consequence (Sarker et al. 2008). In this circumstance, a market-based incentive such 
as compensation can be offered to induce desirable behaviour (Dowd et al. 2008). 
Farmers can be compensated for capital installation costs and private losses or 
increased risk in terms of decreased yields over the first few years of implementation 
(Ribaudo et al. 1999). This instrument can be applied to the improvident and risk-
averse groups who have great anxieties over the level of compensation to be paid for 
the uptake of BMPs.  
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Marketing campaign 

Consumer behaviour and market development, sometimes in combination with 
production risk, are a source of uncertainty (de Buck et al. 2001). Farmers from all 
groups express their doubts about the existence of a guaranteed market for chemical-
free fruit, and their concerns about lower fruit quality if organic substances are 
applied. These could retard farmers from innovation adoption. Though currently there 
are several certification programmes in Thailand (Appendix F), Thai consumers still 
find it is difficult to distinguish between quality and safety labels (Oates 2005). 
Marketing campaigns that raise consumer awareness, such as eco-labelling, can offer 
a broader potential for transforming environmental concerns into a marketing 
advantages. However, efforts should be put to coordinate certification and marketing 
strategies by attempting to communicate and promote distinctions between similar 
products based on the relative impact of a product on the environment (Ferguson 
2003; Clay 2004).  

This policy instrument is distinguished from other instruments by the fact that 
it targets the end consumers in an effort to raise awareness of the importance of eco-
friendly production process. A marketing campaign might help to assuage concerns 
that farmers have about there not being a market for their chemical-free products. This 
is, in turn, can generate a price premium for sustainable citrus farming and increase 
the likelihood of farmers’ voluntary adoption (Oates 2005).  

Innovation dissemination 

Traditional farm supply shops serve as a meeting place and information centre 
for Thai farmers. Those who step out of mainstream farming could face significant 
social pressures, including being excluded by neighbours (de Buck et al. 2001). As 
revealed during the interview, both conservationist and traditionalist groups are 
concerned about being isolated from information on production technologies and 
practices. Because supply shop retailers play an important role in information transfer 
they could potentially provide extension services, such as acting as a BMP innovation 
dissemination point for farmers (FAO 1999; Fuwa and Sajise 2006).  

Bureaucracy 

Bureaucratic barriers such as paperwork requirement, government regulations, 
and eligibility requirement are some of the main concerns for the traditionalists. If 
BMPs are being promoted as a policy, the government should make an effort to 
provide farmers with equal access to information and services. This can be done by 
launching simple rules and making procedures flexible in order to simplify 
communication between farmers and government (Kosoy et al. 2008; Smith et al. 
2007).   

Education 

The lack of information regarding profitability and environmental benefits has 
deterred farmers from the adoption of proper management practices (FAO 2007b). 
This is a case found in perception of the traditionalists.  Information could help to 
revise farmers’ perceptions of the cost effectiveness of new farming practices and 
environmental benefits (Feather and Amacher 1994). Farmers should be informed that 



 

 77

their farming depends on, and generates, a wide range of ecosystem services, 
including watershed services such as water flow and water quality. This can be done 
through training or extension workshops under the instruction of expert farmers 
(Brookfield and Gyasi 2008; Hashemi et al. 2008). In the long run, it is suggested by 
Ramsey and Hungerford (2002) that environmental education offered through the 
schooling system, is critical for removing barriers to the adoption of more eco-
friendly practices producing ecosystem services. 

 Overall, these objective-related policy instruments are derived from farmer 
segmentation based on differences in psychological characteristics. The psychological 
segmentation simply indicates that each farmer has potential to adopt BMP at 
different rates. Thus, government may interest to launch a mass policy instrument, 
such as marketing campaign, to attract all farmers. Alternatively, tailored programmes 
can be designed to target a single segment. As mentioned earlier, for Q study it is 
unlikely to identify the policy relevance based on farms’ or farmers’ characteristics. 
As such, the decision about which policy instrument should be launched and how to 
promote and marketing such policy is dependent on political feasibility, availability of 
resource to implement policy, effectiveness of policy and nature of the target 
population.  

Taking into consideration the study’s results, characteristics of non-point 
source pollution, characteristics of BMPs, and development of agri-environmental 
policy in Thailand, the following proposals are recommended to call for actions. This 
could provide more specific measures and the key areas on which government should 
focus. 

1. Incentive programmes should be established to increase adoption rate. 
The incentives should be in terms of both financial and material incentives. 
This could reduce perceived risks in the adoption of new technology and the 
need for out-of-pocket cash expenditure. 

2. Certified quality label should be promoted amongst consumers. 
Literatures show that in Thailand there is a potential market for eco-friendly 
product (Roitner-Schobesberger et al. 2008; Yiridoe et al 2005). To gain a 
marketing advantage, consumers must be informed about detailed information 
of label background, such as production method. Information can be spread 
through mass media or discussion in public forum.  

3. The scientific message should be diffused to all stakeholders and made 
clearly. Two-way communication between researcher and farmers could help 
promoting innovation adoption. Moreover, government agent should 
contribute for an extension service. To increase effectiveness of 
communication, scientific data must be diffused to the broadest possible 
audience. 
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4. On-farm demonstration project should be implemented. Demonstration 
project is a media to transfer new innovation from research to farm. It can 
improve rate and extent of technology transfer by providing examples and 
facilitating visible accomplishments. 

5. Consideration should be given to flexibility in enrolment. A number of 
farmers stated that institutional barriers such as contract, regulatory procedures 
and environmental regulation deter adoption. Flexibility should be considered 
for enrolment options that meet individual needs, such as farmers in remote 
area. 

 

6.3 Policy Challenges 

Instruments differ in their abilities to correct nonpoint source pollution 
problem, and a focus on policy designed at the single farm level may not effective in 
achieving a desired standard of ambient water quality. A collective management 
approach such as co-learning, co-planning, co-acting, and co-funding recognises 
wider objectives and enables synergy across stakeholders. To make transition, 
collaboration action should be built in respond to complex combination of incentives, 
regulation and social referent (Davies 2006). Moreover, through a behavioural 
perspective, final action of growers could be better understood. Policy can be 
designed by capturing more complex aspects of causality between economic decision 
and final behaviour (Dawnay and Shah 2005). An incorporation of behavioural 
approach (i.e. allowing social pressure to commit actual behaviour, sharing 
knowledge to create a learning society) into traditional policy instruments could 
enable a long-term policy preference because policy is made based on growers’ 
desires. 

 

6.4 Limitations 

6.4.1 Endogenous determinants in cognitive model 

One limitation in the social cognition model lies in its mediator and moderator 
concepts (Baron and Kenny 1986). A moderator is a variable affecting the direction 
and/or strength of the relationship between an independent variable and a dependent 
variable. On the other hand, a mediator is a variable explaining the relationship 
between external physical event and internal psychological significance (Baron and 
Kenny 1986). TPB, a cognitive model of behavioural change, is an extension of a 
former Theory of Reasoned Action. TPB includes perceived behavioural control 
(PBC) as another independent predictor of intention in order to deal with behaviour 
over which people have incomplete volitional control (Ajzen and Fishbein 1980). 
According to the TPB, it is assumed that behaviour can be predicted by behavioural 
intention, and this intention can be further predicted by three cognitive predictors 
which are attitude, subjective norm and perceived behavioural control.   

  



 

 79

The construct of the TPB assumes that those three cognitive predictors are 
conceptually independent (Montoya et al. 2000). It further assumes that behavioural 
decision is driven only by internal psychological construct and other external 
variables are considered to influence intention and behaviour through psychological 
predictors (Burton 2004; Conner et al. 2000; Ajzen and Fishbein 1980). However, 
empirical analyses have identified some potential mediator and moderator variables of 
the theory relationships. The three internal predictors may have mutual mediating 
effects to each other (Lam 1999), while other external predictors may relate to internal 
predictors (Yzer et al. 2004) or they may have moderating influences on intention and 
behaviour (Hagger et al. 2002). With these underlying assumptions of TPB, it is 
unlikely to avoid the problem of endogeneity in an econometric analysis.  

6.4.2 The inclusion of cost in the model 

The introduction of the cost element into the TPB model could not be done as 
the underlying principles of TPB model and classical economic concept are different. 
That is, psychological model follows a positive approach and relies on behavioural 
determinants as precursors to individual’s intention while economic model are more 
normative concept assumed individual as rational agent. Accordingly, the author 
avoided to include the impact of cost in the extension of TPB model. Alternatively, 
the author conducted a supplementary analysis of economic cost in order to 
investigate relationship between cost and adoption intention. Though, this causes an 
uncompleted view of adoption intention upon BMPs the study sheds light on policy 
implications which should not only focus on farm and farmer’s characteristics but also 
on psychological determinants.   

 

6.5 Generalisation of Results 

 A discussion relating to a generalisation of TPB results will be considered at 
three levels: river basin, national and regional levels. In terms of the river basin level, 
samples for the TPB model were randomly selected from a well-defined population. 
This offers a probabilistic selection and thus reducing the potential of sample bias. 
Clearly, the sample is representative of the entire population in that it is large enough 
to represent the populations’ variability, and thus the results can be generalised at the 
river basin level. 

 At the national level, the implications of this study may be applied to other 
citrus cultivation areas since technologies, know-how and legislation requirements are 
similar to those in the Ping river basin. However, in the considerations of 
psychological-based techniques, such as TPB, generalisation of the results is possible 
if there is a ‘fit’ in attributes of the samples and treatments between cases. That is, 1) 
there is a wide range of attributes commonly shared between the sample and 
population, and 2) administration of the treatment is slightly varied across cases. 

When making a regional generalisation, two additional aspects that should be 
taken in account are spatial and temporal aspects of the study. In terms of spatial 
aspect, the Ping river basin is a notable source of water in northern Thailand, and thus 
farmers may be more inclined to support BMP programmes perceived to benefit them. 
For temporal aspect, it should be noted that during the interview farmers were 
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instructed to make decision under the predefined condition termed as TACT (Target, 
Action, Context and Time). As such, there is a possibility that farmers’ decision is 
bounded by time.  

 

6.6 Recommendations for Future Research 

There are several recommendations for further studies. Firstly, though there is 
a possibility to draw inferences of results from the TPB model, the generalisation of Q 
results is relatively limited since Q methodology was tailored for an in-depth 
investigation that require a small purposive sample. Future research should be 
undertaken to combine the strength of Q-Methodology and traditional factor analysis 
(R-Methodology) to overcome the problems of small and statistically unrepresentative 
sample.  

The second recommendation is to strengthen the use of a combination between 
psychological and economic tools. Since this study have shown that psychological 
and socio-economic factors simultaneously influence adoption decision of farmers, 
understanding how farmers weigh the qualitative and quantitative aspects when 
making decisions may assist researcher and policy makers to understand inter-
relationships amongst these factors, thereby tackling problems with more correct 
initiatives. This includes an employment of some multi-criteria decision making 
technique of Analytical Hierarchy Process (AHP) to describe decision making 
behaviours of farmers in more logical ways.  

The third recommendation is to study an in-depth policy implementation 
strategy of major BMP techniques chosen by farmers. Since farmer’s requirements 
vary from place to place and by farm size, policy makers may need to establish the 
correct roadmap to the diverse cultivation characteristics. The final recommendation 
highlights on the extensive cost-benefit analysis of the preferred BMP practices. A 
comprehensive understanding on economic of BMP practices may assist policy 
makers to campaign sustainable agriculture with the right incentives.      
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APPENDICES 

Appendix A. Questions for elicitation study 

 
Guide for Interviewer 

“We conduct a study of citrus growers in the Ping river basin. We are 
interested in the reasons why growers do or do not adopt BMPs in their farms. Please 
tell us what you are really thinking. There is no right or wrong answer.” 

The scenarios describing 1) benefits from watershed services, 2) effects of 
farm nonpoint source pollution, and 3) BMPs will be given to participants, and then 
questions will be asked.  
 Participants will be notified that  

- BMPs are voluntary measure which is likely to be promoted by the state 
government in the near future. 

- There is no ideal management practices system for controlling a particular 
pollutant in all situations. The system should be designed based on the type of 
pollutant, the source of the pollutant, the cause of pollutant, the agricultural climatic 
and environmental conditions, and the willingness and ability of the citrus growers in 
implement and maintain the practices. 
 
A: Background 
Name: ……………………………………. 
Age: ………. years  
Gender: ………..Male ……….Female 
Address: ……………………………………… 
 
B: Intention 
1 Given three scenarios, will you adopt BMPs? (yes/no) 
2 On the scale 1 to 7, how difficult is it for you to make a decision? (1 = not at all difficult, 7 = 

extremely difficult) ……………. 
 
C: Attitudes 
3 What do you believe are the advantages of BMPs adoption? 
4 What do you believe are the disadvantages of BMPs adoption? 
5 Is there anything else you associate with your own views about BMPs adoption? 
 
D: Subjective norms 
6 Are they any individual or groups who would support or facilitate if you are going to adopt 

BMPs? 
7 Are they any individual or groups who would resist or retard if you are going to adopt BMPs? 
8 Is there anything else you associate with other people’s views about BMPs adoption? 
 
E: Perceived behavioural control 
9 What factors or circumstances enable you to adopt BMPs? 
10 What factors or circumstances make it difficult or impossible for you to adopt BMPs? 
11 Are there any other issues that come to mind when you think about BMPs adoption? 
 
F: Current situation 
12 At present, is there any conservation practice done in you fields, and if ‘yes’ what? 
13 In your opinion, which practices are likely to be done (by yourself) in your farm, and which 

practices should be promoted by external agencies such as government, farmer association? 
 
 



 

 98

Appendix B. Final questionnaire 
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Appendix C. Illustration for presentation 
 
C1 Roles of watershed services  
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C2 Nonpoint source pollution from farm activities 
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C3 Twelve BMPs by categories 
 

C3.1 Good Husbandry 
 

 
 
C3.2 Vegetative Practices 
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C3.3 Structural Practices 
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C4 Water quality map 
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Appendix D. Q-Sample 
 

 
Social aspect Ecological aspect Economic aspect 

Water resource 
management 

Our water here is as 
safe to drink as 
anywhere in the country 
(1) 

I can no longer fish 
from river that used to 
be a food source for a 
decade (4) 

I have never discharged 
waste into natural 
watercourses (2) 

Natural watercourses are 
contaminated with 
chemicals (5) 

Good water quality is a 
social benefit (3) 

If I adopt BMPs, the 
natural watercourse will 
be cleaner and water can 
be re-used for planting 
other crops (6) 

Erosion control and 
sediment management 

Government agencies 
should provide advisory 
services on soil 
management (7) 

I do not know which 
tree could reduce soil 
erosion effects (10) 

To control weeds and 
grass, I prefer to use a 
power lawnmower than 
herbicides (8) 

Soil on my farm is easily 
eroded (11) 

Vetiver (local plant) can 
stabilise farm ditches, 
but I cannot afford to 
buy the plants (9) 

I do not have enough land 
to allocate to BMP 
activities (12) 

Pest management Chemically sprayed 
citrus from my farm is 
safe to eat (13) 

Applying the dosage of 
chemicals suggested on 
the label will not harm 
human health (16) 

We should use organic 
substances instead of 
chemical pesticides on 
citrus farms (14) 

Chemicals do not always 
imply toxicity (17) 

If I do not apply 
pesticide as I have been 
accustomed to do, the 
fruit quality may drop 
(15) 

Chemical-free labels on 
food are important for 
consumer purchasing 
decisions (18) 

Nutrient management I tend to use fertilisers 
that are widely used by 
my neighbours (19) 

I am happy to use 
fertilisers introduced by 
agricultural input 
retailers (22) 

An application of 
organic fertiliser rather 
than chemicals will 
reduce pollution (20) 

Growers should apply the 
right amount of fertiliser 
to match the trees’ need 
because over-application 
will harm the environment 
(23) 

The application of 
organic fertiliser will 
give better fruit quality 
(21) 

Without an application of 
chemical fertiliser, trees 
do not provide good yield 
(24) 

Overall views about 
BMPs 

BMPs are needed to 
stop fighting between 
citrus growers and 
residents (25) 

My neighbours will 
support me if I adopt 
BMPs (28) 

Man cause pollutant 
emission, therefore we 
should take some actions 
to lessen pollution (26) 

We can gain more 
watershed benefits if we 
can restrict pollution from 
our farm production (29) 

Growers can comply 
with BMPs if they get 
enough monetary 
support from 
government (27) 

In the long run, BMPs 
help enhance 
competitiveness in terms 
of food safety (30) 

The BMPs will lead to 
more red-tape, but I can 
adopt them despite this 
(31) 

We could not introduce 
BMPs correctly because 
we do not have enough 
understanding (34) 

We should restrict citrus 
cultivation to designated 
areas (32) 

Most citrus growers are 
not aware of water 
availability in the 
watershed (35) 

Labour requirement for 
BMPs is a big problem 
(33) 

I cannot adopt BMPs 
because I do not have 
enough funds (36) 

Note: 
(1) Number in parenthesis indicates statement number 
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Appendix E. Cost estimate of permanent mix-load and wash-down site 
 

 
Calculations 
Assumptions: 
Installation costs 

1. The permanent station comprises of  
a. Wash-down and mixing –loading area, and  
b. Pesticide storage area 

 
The literatures show that the size of functional areas of an operation is 
dependent on the amount of pesticide stored at the facility and the number of 
employees (Kammel and O’Neil 1990). Thus, the Wash-down and mixing-
loading area will be treated as fixed installation cost, while the storage area 
will be treated as variable installation cost. The total cost has a characteristic 
of mixed-cost with a step-function relationship with farm size.  
 
Further, the maintenance cost and opportunity cost will vary depending on the 
total mixed-cost  
 

2. For the fixed installation cost it is assumed that the effective functional area of 
wash-down and mixing-loading area is 5m x 5m (or 25 m2) for every farm 
size. The total fixed installation cost is 1,787.50/ rai/ year 

3. For the variable installation cost, based on the observation of chemical 
purchasing behaviour of farmers the analysis will divide farm size into three 
categories. These are 

a. Farm size < 10 rais 
b. 10.01 – 50 rais, and  
c. Farm size > 50 rais 

4. It is assumed that the chemical procurement is done twice a year. 
5. A basic 2-storey shelf with an area of 1m2 can store pesticide package sized 

2m2. 
6. A work by Dean (2004) states that at least 10% more space than that needed 

for the largest amount of pesticide even expected to be stored is what farmer 
must have. The total amount of pesticide to be stored is calculated based on 
the pesticide application surveyed by Uchiyama et al. (2007).  

7. The storage was calculated based on engineer estimation  
 

Farm size (rai) Storage area required (m2) 
< 10 rais 2.5m x 2.5m = 6.25 m2 

10.01 – 50 rais 4m x 4m = 16m2 
> 50 rais 6.5m x 6.5m = 42.25m2 

 
8. The total variable costs is thus, 
 

Farm size (rai) Total variable cost (THB)/ rai/ year 
< 10 rais 7,588.41 

10.01 – 50 rais 10,758.00 
> 50 rais 17,950.90 

 
9. A step function of total cost and farm size is plotted to find a representative 

equation. 
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10. The total cost equation show that the average total installation costs is 
5,181.20THB/ rai/ year 

 
 
Maintenance costs 

1. The maintenance cost is 5% of total installation costs. Thus,  

Farm size (rai) Total maintenance cost (THB)/ rai/ year 
< 10 rais 468.80 

10.01 – 50 rais 627.72 
> 50 rais 5,654.26 

 

2.  A step function of total maintenance cost and farm size is plotted to find a 
representative equation  

468.80

627.28

986.92

y = 259.06x + 176.21

-

200.00

400.00

600.00

800.00

1,000.00

1,200.00

5 30 131

Farm size (rai)

Cost (THB)

VC Maintenance

Linear (VC
Maintenance)

 

3. The total cost equation show that the average total maintenance costs is 
259.06THB/ rai/ year 
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Opportunity costs 

1. The opportunity cost is as follows:  

Farm size (rai) Land opportunity cost (THB)/ rai/ year 
< 10 rais 2,623.26 

10.01 – 50 rais 3,441.72 
> 50 rais 5,654.26 

 

2.  A step function of total opportunity cost and farm size is plotted to find a 
representative equation  
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3. The total cost equation show that the average total opportunity costs is 
1,511.00THB/ rai/ year 
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Appendix F. Major food labels in Thailand 
 

Label Description Accredited by 
Hygienic food* The label given to products that use of 

synthetic chemicals is regulated and 
controlled in the production process. 

Department of 
Agriculture 

Food quality and safety The label given to agricultural products that 
conform to the standards established by the 
Ministry of Agriculture and Cooperatives 

Ministry of Agriculture 
and Cooperatives 

Pesticide-safe vegetables The label given to retailers who conduct 
tests for toxic substances before selling the 
products 

Ministry of Public Health 

Organic Thailand The label given to products that has been 
produced according to the organic farming 
standard set by the Department of 
Agriculture 

Ministry of Agriculture 
and Cooperatives 

Doi Kham logo The label given to pesticide-safe fruit and 
vegetables produced in the mountainous 
area of Chiang Mai province, northern 
Thailand 

The Royal Project 
foundation 

Organic Agriculture 
Certification Thailand 

The label given to organic product A private certification 
body accredited with 
IFOAM 

Source: Roitner-Schobesberger et al. 2008 
Note: * The label was replaced by the new ‘Food quality and safety’ label  
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