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There were several previous studies on hybrid maize adoption in Thailand, but 

none emphasized the adoption in a dynamic framework, especially the factors that 

influenced the timing of adoption. Therefore, the objectives of this study are to 

indicate the adoption and diffusion patterns of hybrid maize in Thailand and to apply 

duration analysis to examine the impact of time-varying and time-invariant factors on 

the duration of hybrid maize varieties adoption.  Three hundred and thirty five maize 

farmers were interviewed between May and June 2011. The study focused on the 

timing of hybrid maize adoption since 1980, the year in which hybrid maize was first 

available until 2011. 

 

The results from the study revealed that farmers with less experienced on 

maize cultivation are among the earlier adopters, and farm being closer to input dealer 

will further speed up adoption. The findings also suggest that the communication 

from the public sector may reduce the speed of adoption, but an extension service 

from input dealers and credit for maize cultivation from the private sector could 

increase the adoption speed.  

 

This implies that in order to expedite the adoption of new variety, extension 

programs to less experienced farmers might be emphasized. The increase of input 

accessibility also enhances adoption. Effective communication from the public sector, 

such as the transfer of knowledge and information about new crop varieties is needed, 

along with a sufficient extension service through input dealers and credit loans for 

inputs from the private sector. 
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CHAPTER I 

 

INTRODUCTION 
 

 This chapter contains the statement of problem, the objectives, the expected 

benefits and the scope of the study. The outline of the study is described in the last 

section of this chapter.   

 

Statement of Problem 

 

Plant breeding program plays an important role in the development of 

agriculture in particular, the improvement of high-quality and high-yielding of crop 

varieties in order to response to the growth of demand for staple foods from the 

increasing of world population. In Thailand, plant breeding research program has 

been started with rice since 1900s followed by the other majors crop such as maize, 

cassava and sugarcane. Most of the plant varieties research and development were 

driven by the public sector until the entry of private sector during 1970s that led to the 

liberalization and privatization in many agricultural commodities i.e. plant breeding, 

farm machinery, livestock, aquaculture and agriculture biotechnology. 

  

Nonetheless, although the Thai Government tried to encourage private 

investment in research at the first stage, these efforts appear to have had only limited 

success (Thailand Development Research Institute, 1990). Policies to support private 

research have included tax incentives and subsidized loans, but the overall demand for 

these subsidies appeared to have been small. However, public sector encouragement 

of the private seed industry appears to have been a significance factor in stimulating 

private plant breeding especially in developing hybrid seed for field crops like maize, 

sorghum, sunflower and several vegetables. 

 

Maize (Zea mays L.) was first planted in Thailand in the 1950s in the uplands 

and highlands, and used only for home consumption and animal feed at the household 
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level. After Thailand launched its first National Economic and Social Plan in 1961, 

maize became an important cash crop along with rice, cassava and sugarcane from the 

1960s to the 1980s (Ekasingh et al., 2004). In the meantime, the National Corn and 

Sorghum Research Center (NCSRC) was established in 1969 in Nakhon Ratchasima 

province to encourage maize R&D, especially in maize breeding to improve average 

yield and to stimulate increases in maize area and production. This resulted in an 

increase of maize area from 0.73 million hectares during 1965-1970 to be the highest 

level in 1986 – 1990 with 1.81 million hectares, but thereafter maize area began to 

decline continuously and occupied only 1 – 1.1 million hectares in recent years. In 

addition, the growth in the livestock industry lead the demand for maize to grow 

during the past three decades to nearly 5.5 million tons in 2011 (Thai feed mill 

association, 2011). Nevertheless, the maize yield is likely to increase owing to the 

R&D from both the public and private sectors. This has resulted in an increase in 

maize production of 3-4 times since the 1960s with production rising from around 1 – 

1.3 million tons to 4 – 4.4 million tons in the last decade as shown in Table 1.1. 
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Table 1.1  Planted area and the production and yield of maize, 1961 – 2010. 

 

Year 
Planted Area  Production Yield 

(’000 hectares) (’000 tons) (ton/hectare) 

1961 – 1965 436.22 815.59 1.87 

1966 – 1970 738.75 1,389.69 1.88 

1971 – 1975 1,112.94 2,225.23 2.00 

1976 – 1980 1,358.84 2,590.06 1.91 

1981 – 1985 1,746.36 3,832.60 2.19 

1986 – 1990 1,813.82 3,975.93 2.19 

1991 – 1995 1,382.71 3,782.55 2.74 

1996 – 2000 1,342.19 4,348.21 3.24 

2001 – 2005 1,163.57 4,288.07 3.68 

2006 1,024.75 3,918.33 3.82 

2007 1,018.24 3,890.22 3.82 

2008 1,070.69 4,249.35 3.97 

2009 1,108.54 4,430.39 4.00 

2010 1,138.48 4,454.44 3.91 

Source: Office of Agricultural Economics (2011)   

 

The primary phase of maize R&D in Thailand was under the administration of 

the public sector through the NCSRC which collaborated with Kasetsart University, 

the Department of Agriculture (DOA), the Department of Agriculture Extension 

(DOAE), the Rockefeller Foundation and the International Maize and Wheat 

Improvement Center (CIMMYT). In 1975, Suwan-1, the first Open-pollinated variety 

developed by the NCSRC was released. However, since the first release, the public 

sector could produce only 2,200 tons of seeds annually, which was inadequate to 

distribute to the interested maize farmers (Kasetsart University Research and 

Development Institute, 2009). Until 1979, Charoen Pokphand Group (CP Group) has 

administered maize seed production in Lopburi province. It produced 2,000 tons of 

seed per year and grew to 4,000 and 5,000 tons for the next cropping season, 

respectively. The first private involvement in maize seed production led to the 
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widespread adoption of Suwan-1, and it became well-known by domestic farmers and 

farmers in other countries (Suwantaradol, 2001). 

 

After the achievement of the Suwan-1 variety, the NCSRC successfully 

developed the first hybrid maize variety, Suwan-2301, in 1980 and distributed 1.92 

tons of seeds within the first year. Later, the NCSRC released the inbred lines Ki 1 – 

Ki 19 in 1982 to encourage the private companies to develop the new varieties along 

with the public developed varieties. This appears to be the start of the privatization of 

the hybrid maize seed industry, and it brought to a shift in Thailand’s maize research 

system from public to private seed development and distribution. However, NCSRC 

still released the hybrid varieties and OPVs as presented in Table 1.2. 
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Table 1.2  The release of maize varieties in Thailand by NCSRC 

 

Years of released OPVs Hybird varieties Inbred lines 

1975 Suwan 1 - - 

1979 Suwan 2 - - 

1980 - Suwan 2301 - 

1982 - - Ki 1 - Ki 19 

1984 - - Ki 20 

1985 - - Ki 21 - Ki 22 

1986 - Suwan 2602 - 

1987 Suwan 3 - Ki 23 - Ki 30 

1991 - Suwan 3101 - 

1992 - - Ki 31 - Ki 44 

1993 Suwan 5 Suwan 3501 - 3504  - 

1995 - Suwan 3601 Ki 45 

1997 - Suwan 3851 - 

1999 - Suwan 3853 - 

2002 - - Ki 46 - Ki 47 

2003 - Suwan 4452 - 

Source: IICRD (2012) 

 

 Since the release of hybrid varieties during the 1980s, due to the lack of 

information and experience about the new varieties, the farmers’ perception was 

limited and adoption was slow. Furthermore, most of the first-generation hybrid 

varieties were top-cross, double top-cross and double-cross hybrid varieties which had 

some variation in characteristics such as erratic height, size of ear shape and uneven 

kernel color. The quality of these hybrids was not better than general Open-pollinated 

varieties (OPVs) maize in the opinion of farmers. In addition, the lower price of maize 

grain and the higher price of hybrid seeds resulted in farmers’ hesitation in adopting 

the new varieties (Suwantaradol, 2001). Around the early 1990s, there was a 

fundamental shift in the maize seed industry in Thailand, marked by substantial 

changes in production technology and market outlets. Several private multinational 
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and national companies such as Pioneer, Cargill (purchased by Monsanto), Novartis 

(now Syngenta), Pacific Seed and CP Group started to produce maize hybrid seeds 

and began to dominate maize production. For instance, CP Group successfully 

commercialized the single-cross hybrid CP-DK888 which became popular, 

accounting for around 50% of the hybrid maize seed market from the 1990s until in 

the early 2000s (Gerpacio, 2001). 

 

Although the development of hybrid varieties has a broad acceptance and 

adoption by farmers, there is a decrease in the planted area of public developed hybrid 

seeds. Even though the public sector has upgraded the R&D, released new hybrid 

varieties into the market and transferred the extension programs to the farmers, those 

public-developed hybrid varieties could not compete with private-developed hybrid 

varieties.  The role of the private sector in agricultural technology development has 

become increasingly important.  Though the benefits of high-yield variety 

developments from the private sector appear evident, the question of higher seed 

prices and lower profitability that farmers have to face, remain unanswered. 

 

Most of the hybrid maize adoption studies in Thailand have only addressed 

factors influencing the probability of adoption in a static framework (Ruttanapracha, 

1993; Ekasingh et al., 2004; Limsombunchai and Kao-ian, 2010), but none has 

evaluated it in a dynamic framework.  In particular, there have been no previous 

studies analyzing the timing of adoption or the effect of factors on the time farmers 

waited before they first adopted these hybrid varieties. Therefore, realizing factors 

that affect the timing of the adoption of hybrid maize varieties are essential for public 

and private sectors to understand the determinants of adoption speed and to find a way 

to promote new varieties to farmers.  
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Objectives of the Study 

 

 This study attempts to analyze the key determinants of the timing of hybrid 

maize adoption. Therefore, the specific objectives are as follows; 

 

1. To indicate the adoption and diffusion patterns of hybrid maize in Thailand. 

 

2. To examine the impact of time-varying and time-invariant factors on the 

duration of hybrid maize varieties' adoption. 

 

Expected Benefit of the study 

 

The evidence from this research could suggest an appropriate policy to 

stimulate the adoption and diffusion of modern crop technologies and to determine the 

role of the public and private sectors in providing the access of technologies to 

farmers. The results from the study may also contribute to both public organizations 

and private companies to formulate extension and promotion strategies for the release 

of new varieties. 

 

Scope of the Study 

 

To characterize the duration of hybrid maize adoption and the factors that 

influence farmers’ perceptions, this research focuses on the timing of hybrid adoption 

from 1980, the year in which the varieties first became available in Thailand until the 

2011 crop year,.  The information was gathered from farmers who cultivated maize in 

the first crop season between May 2011 and June 2011. The hybrid varieties which 

farmers adopted included single cross, three way cross and double cross hybrid 

varieties from both the public and private sectors.  
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Outline of the Thesis 

 

 This thesis is divided into five chapters. This chapter introduced the 

importance of the study. The second chapter reviews the related literature and the 

theoretical background of the study. The third chapter is related to the research 

methodology and model specifications. The fourth chapter reveals the general 

characteristics of the sample maize farmers in the study site, and the results of the 

study and discussions. The last chapter concludes the findings and suggests 

recommendations for future research and the conclusion of the thesis.   

 

 



 
 

 

 

CHAPTER II 

 

LITERATURE REVIEW 
 

 In order to apply the method for the empirical study model, this chapter is 

divided into two parts; the first part is a review of the theoretical concepts that are 

relevant to adoption and diffusion. The second part summarizes the literature which is 

related to the adoption of new technology in agriculture. 

 

Review of Theoretical Framework 

 

Technology Adoption  

  

1. Adoption and Diffusion Studies 

 

Adoption and diffusion are the processes governing the utilization of 

innovations. Studies of adoption behavior emphasize factors that are evident if and 

when a particular individual begins to use an innovation. Measures of adoption 

indicate both the timing and extent of new technology utilization by individuals. It 

may be depicted as more than one variable by a discrete choice; whether or not to 

utilize an innovation, or by a continuous variable that indicates to what extent a 

divisible innovation is used (Sunding and Zilberman, 2001). 

 

Diffusion is the process in which an innovation is communicated through 

certain channels over time among the members of a social system (Rogers, 2003), or 

can be interpreted as aggregate adoption. There may be several indicators to 

determine the diffusion of a specific technology as with adoption studies. It is helpful 

to use the term “adoption” to depict individual behavior towards an innovation and 

“diffusion” to depict aggregate behavior. For example, one measure of diffusion may 

be the percentage of the farming population that adopts new innovations or 

technology. 
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2. Adoption Process 

 

The adoption or innovation-decision process is the process that 

characterizes the type of decision-making by an individual. It consists of a series of 

choices and actions over time through a system that evaluates a new idea and decides 

whether or not to incorporate the innovation into practice. The notion of stages in the 

innovation-decision process was first conceptualized by Ryan and Gross (1943) and 

later Rogers (1962) identified five stages to be: awareness, interest, evaluation, trial 

and adoption. Rogers (2003) classified the innovation-decision process into five 

stages as follows: 

 

Knowledge: the stage at which an individual is first exposed to an 

innovation but lacks complete information about this innovation. An individual gains 

only an understanding of how it functions. 

 

Persuasion: this stage occurs when an individual is interested, actively 

seeks information about the innovation and also forms a favorable or an unfavorable 

attitude towards the innovation. 

 

Decision: this stage takes places when an individual assesses the 

advantages or disadvantages of using the innovation and decides whether to adopt or 

reject the innovation. 

 

Implementation: an individual employs the innovation to a varying degree 

depending on the situation and determines the usefulness of the innovation at this 

stage. 

 

 Confirmation: the last stage occurs when an individual seeks 

reinforcement of an innovation-decision already made, but he or she may reverse this 

previous decision if exposed to conflicting messages about the innovation. 
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3. Adopter Categorization 

 

Adopters can be classified into five categories following Rogers’s concept 

in order to standardize the usage of adopter categories in diffusion research (Rogers, 

2003). The innovativeness measurement, which evaluates the time at which an 

individual adopts new technology, is continuous and partitioned by laying off 

standard deviations (sd) from the average time of adoption ( x ). The first category is 

the “innovators” who are the first individuals to adopt an innovation.  Their interest in 

new innovations leads them to play an important role in the diffusion process by 

launching modern technology in the system. This category must be able to cope with 

a high level of risk and be willing to accept an occasional setback when new 

technology proves unsuccessful.  

 

The second category is the “early adopters” who have the highest degree of 

opinion leadership in most systems. The early adopter is considered by many as “the 

individual to check with” before using a new idea. Because early adopters are not too 

far ahead of the average individual in innovativeness, they serve as a role model for 

many other members of a social system. The third category is the “early majorities” 

who adopt new innovations just before the average members of a system. This 

category gets its information largely from the early adopters. The early majority's 

unique position between the very early and the relatively late to adopt makes them an 

important link in the adoption process.  

 

The fourth category is the “late majorities” who adopt new ideas just after 

the average member of a social system. Adoption may be both an economic necessity 

and the answer to increasing network pressures, and the late majority does not adopt 

until most others in their social system have done so. “Laggards” are the last in a 

social system to adopt an innovation. They are the most local in their outlook of all 

adopter categories. Their traditional orientation slows the innovation decision process 

to a crawl, with adoption lagging far behind awareness of a new idea. This resistance 

to innovations on the part of the late adopters is entirely rational from their viewpoint. 

These five categories are illustrated in Figure 2.1 as follows: 
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Figure 2.1  Adopter categorization on the basis of innovativeness 

Source: Rogers (2003) 

 

In this study, it is assumed that farmer perceptions, along with other cross-

sectional and time-dependent farms, personal characteristics and other variables 

related to hybrid maize varieties that contribute to each individual farmer’s utility of 

adoption as time progresses. This study is based on the concept that maize farmers 

hold particular perceptions regarding the effects of hybrid varieties' adoption, and this 

subjectivity can be an important determinant in their adoption decision (D’ Emden, 

2006). However, this subjectivity is constantly reviewed, so the question of adoption 

probability becomes a question of time to adopt.  

 

Statistical Models for Technology Adoption 

 

In the investigation of the use of new agricultural technology, there have been 

two main statistical approaches: adoption and diffusion studies as mentioned above. 

Adoption studies have employed cross-sectional data in a discrete choice framework 

to measure the adoption at the farm level at a point in time. However, this approach 

fails to allow for the timing of an adoption decision and the impact that time-varying 

factors may have on it (Burton et al., 2003).In addition, diffusion studies have 

modeled the timing of the adoption rate at the aggregate level. However, they do not 

address the specific issue why some farmers adopt earlier than others. Both research 

approaches are unsuitable to answer why farmers adopt at a particular point in time 
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(Matuschke and Qaim, 2008). Hence, to bridge the gap between adoption and 

diffusion studies, Duration Analysis was chosen in this study to explore the 

information which includes why a farmer adopted the new technology, and the timing 

of the adoption decision. 

 

However, the other statistical models that are used widely to determine the 

factors influencing the adoption of agricultural innovations are as follows: 

 

Ordinary Least Squares (OLS) Regression 

 

OLS regression is a statistical method used to provide empirical estimation of 

the effects of various explanatory variables on the adoption decision. In addition, this 

method is used to investigate the effects of variables on the level of adoption of a 

particular practice, or the adoption of a number of potential practices. However, the 

disadvantage of the OLS approach is that it does not available for the improper time 

aggregation of the continuous time model or if parameters are nonlinear function 

(Srinivason and Mason, 1986). 

 

Logit, Probit and Tobit Regression 

 

Logit and probit models can be used to estimate the relative effects of 

independent variables on the probability of adopting if the adoption decision is 

expressed as a binary dependent variable. Logit models assume a logistic distribution 

of error terms, while the probit model assumes that error terms are normally 

distributed. A Tobit model, or censored normal regression, has been used to account 

for the intensity of adoption and variables that have upper or lower limits will not be 

considered. However, the first two models, Logit and Probit can account only the 

basic adoption/non-adoption decision but can not account for the intensity of adoption 

while Tobit approach belongs to the same general class of models as Duration model 

but Duration model represents a major advance in the ability to model the adoption 

over time (D’ Emden, 2006).   
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Duration Analysis 

 

Duration Analysis was primarily developed in biomedical research and is 

typically called survival analysis, where the duration of interest is the survival time of 

a subject (Woolridge, 2002). This method was first developed and applied in social 

science literature by Lancaster (1978) who used this technique to study the factors 

influencing unemployment spells. However, the lack of quality microeconomic time-

series data is a major impediment to its broader application. Later, it has been used 

widely more recently in labor economics with some examples in the context of 

technology literature (Hannan and MacDowell 1984, 1987) and mainly in the analysis 

of unemployment duration (Lancaster, 1978; De Una-Alvarez et al., 2003; Iwai et al., 

2005; Cooper et al., 2008). In addition, the Duration Model has been applied in a 

number of agricultural economics studies to capture the dynamic aspects of 

technology adoption as in Fuglie and Kascak (2001), who estimated the long-term 

trends in the adoption and diffusion of conservation tillage by U.S. farmers. Burton et 

al. (2003) explored the determinants of adoption of organic horticultural technology 

in the UK, Dadi et al. (2004) estimated the impact of variables on the timing of 

adoption by small holders in Ethiopia, Abdulai and Huffman (2005) explained the 

diffusion and farmer’s adoption of crossbred-cow technologies in Tanzania, D’Emden 

et al. (2006) investigated the significant variables on soil-conserving adoption by 

grain farmers in Australia, Matuschke and Qaim (2008) studied the dynamics of 

hybrid pearl millet adoption in India, and Pornpratansombat et al. (2010) investigated 

the factors that affecting the speed of organic rice farming adoption in Thailand. 

 

To study technology adoption, the start date would be set either at the time 

when the first adoption of a new technology took place or at the time when a farmer 

started their farms if farmer was started after the release of technology. The end of a 

spell is the time when a farmer adopts the technology. In duration analysis, therefore 

T  is a non-negative continuous variable and represents the length of time farmers 

wait before adopting. The cumulative distribution function (cdf) of T is defined as; 
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( ) ( ),tTPtF ≤=  0≥t              (2.1) 

it denotes the probability that duration time, T , is smaller or equal to some value t . 

The probability density function (pdf) of T can be derived as; 

( ) ( )
t
tFtf

∂
∂

=                 (2.2) 

 

The survival function in the case of a farmer waits before adoption, the probability of 

an individual not adopted until or beyond time t  is defined as; 

( ) ( ) ( )tTtFtS >=−= Pr1              (2.3) 

 

The hazard function can specify the instantaneous rate of leaving per unit time period 

at t or represents the probability that a farmer adopts the new technology at time 

tt ∆+ . The hazard function for T  is defined as; 

( ) ( )
t

tTttTt
th

t ∆

≥∆+<≤
=

→∆

Pr
lim

0
 

( ) ( )
( )tFt

tFttF
t −

⋅
∆

−∆+
=

→∆ 1
1lim

0
 

( )
( )tF

tf
t −

=
→∆ 1

lim
0

              (2.4) 

or ( ) ( )
( )tS
tfth =                (2.5) 

where the hazard rate )(
t
h
∂
∂ may be constant, positive or negative.  

 

The hazard function can be separated into two components: the first part is 

dependent on individual characteristics and the other one is not. The latter is 

sometimes called as baseline hazard which can be semi-parametric following Cox’s 

proportional hazards model (Cox, 1972) where covariates shift the baseline hazard 

function and no assumptions need to be made about the shape of it. However, 

parametric models are more efficient in their use of data because they do not reject 

what happens to covariates where adoptions occur. Therefore, functional forms that 

have been used for parametric duration models include the exponential, Weibull, 
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Gompertz, the logistic, the lognormal and the log logistic probability distribution 

(Cleves et al., 2004). And of all of them, the three most commonly used are the 

exponential, Weibull and Gompertz distributions. 

 

The exponential distribution is characterized by the hazard function with a 

constant rate, λ>)(th  where 0>λ , denotes that the duration time (length of spells) 

does not affect the hazard rate.  

 Baseline hazard; ( ) λ=th0  ; ( )0exp βλ =   

or   ( ) ( )00 exp β=th               (2.6) 

where 0β  is the only ancillary parameter to be estimated. The result of this model is 

the expected remaining time to adoption and is independent of prior survival times. 

 

The Weibull distribution is characterized by the hazard function as 

( ) 1−= pptth λ   ; 0>λ  and 0>p             (2.7) 

if 1>p , it exhibits the increasing hazard 

1<p , it exhibits the decreasing hazard 

1=p , it exhibits the constant hazard and collapses to the exponential 

distribution model. 

The Gompertz distribution is the model which was applied in the duration of 

adoption study by Matuschke and Qaim (2008) and characterized by the hazard 

function, 

( ) ttth γλ exp=               (2.8) 

Where )exp( βλ iX=   and γ   is a shape of parameter. The Gompertz model is useful 

for monotone hazard rates that either increase or decrease exponentially with time 

(Cleves et al., 2004).    

  

 The explanatory variables can be introduced in a number of ways, and the 

most common is to assume a proportional hazard model to estimate the distribution of 

durations. The simplest ways to include covariates are those which do not change over 

time, such as gender and farm size which may be assumed to be time-invariant. 
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    ),exp(),(),,,( 0 βθβθ XthXth =             (2.9) 

where ),(0 θth  denotes the baseline hazard which is independent of  

covariates X .  

 β   is a vector of parameters characterizing the explanatory  

variables. In terms of interpretation, a value greater than one 

means that parameter has a positive impact on the hazard of 

adoption, a value less than one has a negative impact and a 

value of one means no impact.  

 θ   is a vector of parameters characterizing the baseline  

hazard. 

 ),exp( βX  exhibits multiplicatively on the baseline hazard models. 

 

Once an appropriate parameterization is selected, the estimation of parameters 

will follow the maximum-likelihood methods. Assuming a sample of the n  

observations adopted in the duration, *
it , and each individual’s time is independent 

from the time of others, the likelihood function is 

 

   ( )∑
=

=
n

i
itfL

1

* ,θ             (2.10) 

where ( )θ,*
itf  is the density function and θ  is the vector of parameters. But, in cases 

where censored observations are included, information on their durations is not 

suitable (individuals who do not adopt within the spells). To account for these 

censored observations, the likelihood function must be transformed to 

( )[ ] ( )[ ]∑ ∑
= =

−
⋅=

n

i

n

i

d
i

d
i

ii tStfL
1 1

1** ,, θθ            (2.11) 

where 1=id   if the individual time to adoption is uncensored 

0=id  if the individual time to adoption is censored 
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Thus, the log-likelihood can be defined as 

( ) ( ) ( ) ( )θθθ ,ln1,ln *

1 1

*
i

n

i

n

i
iii tSdtfdL ∑ ∑

= =

−+=          (2.12) 

Therefore,   

( ) ( ) ( )θθθ ,ln,ln
1 1

i

n

i

n

i
ii tSthdL ∑ ∑

= =

+=           (2.13) 

assuming ( )*min ii tt =  and maximum likelihood procedures can be used to estimate 

the θ   parameters.  

 

Review of Related Studies 

 

There is a large amount of literature relating to agriculture technology 

adoption since the Green Revolution in the 1960s. On the study of hybrid maize 

varieties adoption, there is much literature (eg. Griliches, 1957; Sain and Martinez, 

1999; Iqbal et al., 1999; Chirwa, 2005; Salasya et al., 2007; Simtowe et al., 2009) 

while only few studies have addressed the adoption issue in Thailand. Most of the 

existing studies use choice models that rely on cross-sectional data to determine the 

significance of factors influencing the adoption decisions as measured at a static 

prospect. The following review outlines the factors influencing the adoption of hybrid 

and improved maize including new technology and new crop varieties from previous 

technology adoption studies. 

 

Factors Influencing the Adoption of High-Yielding, Improved and Hybrid Crops 

Varieties  

 

The factors that influence the adoption of new crop varieties from the previous 

studies can be separated into three groups as follows:   

 

Personal Characteristics 

 

Education is the most important factor that has been observed to be an 

influential factor in the study of new maize varieties adoption (Feder and Omara, 
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1981; Iqbal et al., 1999; Salasya et al., 1999). Most of the studies indicated that 

educated farmers have a better opportunity to acquire and process information on new 

technologies. In addition, education also played an important role on the speed of new 

technology adoption as mentioned in the review of duration analysis (Fuglie and 

Kascak, 2001; Burton et al., 2003; Dadi et al., 2004; Matuschke and Qaim, 2008).  

 

Household size or the size of the family is one of the factors that has been 

included in adoption studies (Sain and Martinez, 1999; Burton et al., 2003). This 

variable is measured by the number of persons who live in the household. Farmers 

who have smaller families have been found to be more likely to adopt. This 

hypothesis is based on the argument that larger families use a greater proportion of 

their total revenue to satisfy vital needs and therefore they may have greater 

budgetary restrictions on the acquisition of hybrid maize seed (Sain and Martinez, 

1999). 

 

Years of farming experience was found to be an influential factor of new plant 

variety adoption in Gamba et al. (2003)’s study. The result revealed that experience in 

wheat cultivation had a positive impact on the adoption of a new variety. This 

variable is hypothesized based on the concept that more years on farming cultivation 

or farming experience contributes to better decision making. 

 

Age is also included as one of the significance factors that affects the decision 

of farmers to adopt new technology as in Chirwa (2005), Simtowe et al. (2009) and 

Dadi et al. (2004). However, it showed a negative sign on the coefficient for all of 

these studies following the hypothesis that younger farmers are associated with higher 

risk-taking behavior than elderly farmers (Simtowe et al., 2009). 

 

Furthermore, the relationship between social activity and adoption of new crop 

varieties appeared in the study of Matuschke and Qaim (2008). The hypothesis of this 

factor is that the farmers with more formal meetings with other farmers, participation 

in field days or crop visits to learn about new seed varieties and informal meetings 

such as the attendance at social festivals or a local ceremony, might be able to get 
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information on the existence and performance of new seed technologies faster and 

might therefore adopt earlier than their less socially active colleagues.  

  

Farm Characteristics 

 

The distance from the farm to input market has been included as an important 

factor affecting farmers’ decisions as in Sain and Martinez (1999), Hintze et al. 

(2003), Chirwa (2005), Salasya et al. (2007) and also Matuschke and Qaim (2008). 

This factor came with the hypothesis that an individual farmer who has a maize farm 

located close to input markets incurs less transaction cost, which lowers the ultimate 

cost of seed and, consequently, they are more likely to adopt. 

 

Farm size is a major influential factor that is widely found in numerous 

adoption of new agricultural technology studies (Feder and Omara, 1981; Sain and 

Martinez, 1999; Iqbal et al., 1999; Hintze et al., 2003; Salasya et al., 2007; Simtowe 

et al., 2009). The major hypothesis of this factor is that a farmer with a large size of 

farm area will be a greater financial and higher risk-taker for new technology 

adoption. Consequently, a farmer with a large farm size may adopt new varieties 

earlier than smaller-scale farmers.   

 

Other Variables Related to Hybrid Maize Varieties 

 

Attitudes toward maize traits of each variety are the factors that have been 

identified in the studies of Hintze et al, (2003) and Salasya et al. (2007). The studies 

found that the higher yield and earlier maturity of new maize varieties were the two 

most important characteristics influencing the adoption decision followed by the good 

quality of maize grain and drought tolerance. However, the study of the maize 

farmers’ preferences for desired attributes in Thailand revealed that Thai maize 

farmers identified seed with lower prices as the major attribute for adoption decision 

followed by higher yield, drought tolerance and good grain quality, respectively 

(Ekasingh et al.,2004).   
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Extension of the new technology is the factor that is employed in numerous 

studies to explain the relationship between the channel of information received and 

new technology adoption. It was expected that farmers who have more chance to 

access extension services will receive more information and possibly adopt new 

technology more rapidly (Sain and Martinez, 1999; Iqbal et al., 1999; Hintze et al., 

2003; Dadi et al., 2004; Ekasingh et al., 2004; D’Emden et al., 2006; Cavane, 2011; 

Mugisha and Dirro, 2010). In Thailand, there were four sources of information 

provided to farmers such as the extension program from public organizations, private 

companies, advice from the input and output market, and advice from neighboring 

farms (Ekasingh et al., 2004). Hence, this variable is measured as the access of hybrid 

maize extension that farmers received at the first adoption. 

 

Farmers’ access to credit for inputs is an important factor in the adoption 

decision as reported in the study of Sain and Martinez (1999), Iqbal et al. (1999), 

Simtowe et al. (2009) and Dadi et al. (2004). This literature represented that the 

access to credit will facilitate the use of inputs purchased outside the farm, especially 

for seed acquisition.  

 

Technology Adoption Using the Duration Analysis 

 

There have been a few studies that have applied duration analysis to 

investigate the factors influencing technology adoption but there have been no studies 

conducted directly about technology adoption by this statistical method in Thailand. 

Thus, to investigate the factors influencing the timing of adoption, a review of related 

studies that applied duration analysis from others will be considered as follows: 

   

Fuglie and Kascak (2001) were among the first who employed duration 

analysis to examine the agricultural adoption in a dynamic framework. They explored 

the duration of technology adoption and the diffusion of three agricultural practices 

that can improve farm productivity and conserve environmental resources, i.e. 

conservation tillage, soil nutrient testing and integrated pest management (IPM). The 

data were obtained from the Area Studies Survey by the United States Department of 
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Agriculture (USDA) during 1991-1993. A basic statistical approach, such as mean, 

was employed to describe the data, and the logistic distribution function was used to 

study the impact of factors on the diffusion path. The analysis found that farmer and 

farm characteristics, such as education, farm size, and land quality have an effect on 

technology diffusion. In addition, they also added the estimation of the lag time in 

adoption that is associated with farm characteristics to be time-varying determinants 

and the results were that differences in farm size, farmers’  education and land quality 

give rise to lags of as much as one or two decades in technology adoption between the 

most favored and least favored farms. 

 

Later, between 2003 and 2006, there were few studies that applied duration 

analysis in agricultural practices as in Burton et al. (2003), Dadi et al. (2004) and D’ 

Emden et al. (2006). In 2003, Burton et al. used duration models to investigate the 

determinants of the adoption of organic agricultural practices in the UK horticultural 

sector. The results from 86 organic farmers and 151 conventional farmers were 

analyzed by the piece-wise continuous specification and Weibull models. The results 

from the study indicated that gender was the most important determinant and 

indicated that female farmers were more likely to adopt new technology. However, 

some important variables in this study were found to be negative and were found not 

to affect the time to adopt such as education, farm size and the household size of 

farmers which is in contrast with previous adoption studies. This study concluded that 

this might be due to the difference in country and commodity coverage because none 

of the previous studies has been in the UK. In addition, in Dadi et al. (2004)’s study, 

which determined the impact of time-varying and time-invariant variables on the 

timing of fertilizer and herbicide adoption in Ethiopia, the analysis of results from 200 

sample farmers in the central highlands of Ethiopia were obtained from the 

exponential and Weibull models. The estimated results revealed that the economic 

incentives (i.e. prices) were the most significant determinant influencing the speed of 

adoption. Other agricultural inputs such as area of farm, labor and credit along with 

farmers’ personal characteristics such as education, gender and age of farmers 

appeared to have a significant positively effect on adoption. 
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The study of D’ Emden et al. (2006) investigated the significance of cross-

sectional variables and time-dependent economic and environmental variables on the 

adoption of soil-conserving cropping practices in Australia during 1983-2003.  A 

phone survey of 384 farmers across Southern Australia, comprising 240 no-till 

adopters and 144 non-adopters were used to describe the speed of adoption. Basic 

statistical approaches such as mean and S.D. were employed to describe the 

explanatory variables. The results from the exponential duration model study 

demonstrated that the herbicide cost-effectiveness (e.g. the reduction of glyphosate 

price) was the most important factor influencing the probability of no-tillage adoption. 

It also suggested that localized information and learning opportunities were 

particularly important in adoption decisions. 

 

Matuschke and Qaim (2008) applied duration analysis to examine the impacts 

of privatization on farmers’ technology access to new crop varieties, and this also 

represented the first use of the method in the adoption of new plant varieties.  They 

analyzed the dynamic prospects of hybrid pearl millet adoption of 266 farm 

households in Maharashtra, the state with the second largest area of pearl millet in 

India. They adopted the Gompertz distribution which took the lowest Akaike 

information criterion (AIC) and fitted the model best when compared to the 

exponential and Weibull models. The findings showed that the education of farmers, 

the distance to the main source of information and a good market infrastructure were 

the determinants that speeded up the adoption of pearl millet hybrids. The increasing 

role of private companies led to competitive improvement in R&D and led to better 

technology. They also concluded that the main sources of information for farmers are 

input dealers and participation with other farmers.  

 

 In the most-recent study, Pornpratansombat et al. (2011) conducted research in 

Thailand related to the adoption of organic rice farming in the North-Eastern region 

with Cox’s proportional hazard. The data from 90 organic rice farms and 90 

conventional farms were collected for the analysis. The basic statistical analysis, i.e. 

mean, mode, frequency and percentage were employed to describe the important 

variables of rice sample farmers. The variable of interest is the length of time farmers 
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wait until they adopt organic farming. The estimated results showed that better access 

to water, a higher farm price of rice and a stronger attitude toward the conventional 

cultivation problems were the important factors to encourage adoption decisions. 

Therefore, the recommendations from the study were to support the internal input use 

by increasing water accessibility, promoting the organic paddy markets at the local 

level and that the conductibility on the improvement of organic rice problem-solving 

should be considered to increase the speed of organic rice farming adoption.  

   

In conclusion, the information received from this review of related literature 

points out that duration analysis can be applied to analyze the timing or spell of 

technology adoption, especially in the agricultural sector. In Thailand, there were a 

great number of research issues related to technology adoption at a point in time as 

well as research in other countries, but none of these studies applies duration analysis 

to investigate the factors that influence the timing of adoption. Therefore, this study 

does not only provide the results of factors that influence adoption timing, but it also 

provides guidelines and the basis for applying analytical tools in the analysis of new 

plant varieties adoption in Thailand.  
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CHAPTER III 

 

RESEARCH METHODOLOGY 
 

The contents of this chapter are separated into three main sections. The first 

section describes the analytical framework of the study followed by sampling 

procedure and methodology for data collection in the second section. The data 

analysis and empirical model specification are explained in the last section. 

 

Analytical Framework  

 

 The analytical framework is developed based on the review of literature in the 

previous chapter. This study focuses on the effect of factors on the duration of hybrid 

maize adoption. Therefore, duration analysis is employed to model the adoption over 

time. This analysis can bridge the gap between the adoption studies which fail to 

measure the timing or duration of a technology adoption and the diffusion studies 

which model the aggregate timing of adoption but fail to investigate the impact from 

any factors as to why some adopt earlier. Hence, the variables in this study are 

divided into three groups: personal or farmer characteristics, farm characteristics and 

other variables related to hybrid maize varieties as mentioned in Table 3.5. For each 

group, the variables are separated into two types: time-invariant variables which are 

static over time and time-varying which vary over time. Therefore, the analytical 

framework of this study to test whether these variables have any effect on the duration 

of adoption is illustrated in Figure 3.2. 

 

 



 
 
 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
    

  Figure 3.1 The analytical framework of the study  
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Sampling Procedure 

 

 The focus of this study is the duration of hybrid maize adoption in Thailand 

between 1980 and 2011. Therefore, this study employs a three stage stratified 

sampling technique in order to extend questionnaire coverage in the study area. 

 

 In the first stage, the intensity of maize planted area was adapted to classify 

the level of maize production capacity by calculating the proportion of maize area to 

total crop area from 40 maize cultivation provinces (the average of the proportion of 

maize area to total crop area from all provinces is 10.08%). The differences in 

intensity of maize area by province could show the different levels of extension 

service, the sources of information and the social activities of farmers which are 

assumed to be the important factors in adoption decisions. The first group, the major 

maize zone, comprising 13 provinces with a percentage greater than 10.08% and the 

second group, the minor maize zone which consists of 15 provinces are shown in 

Table 3.1 and Table 3.2, respectively. However, the 12 maize provinces are omitted 

because the percentage is less than 1%, which represents a very small area for maize 

cultivation.  
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Table 3.1  Provinces in major maize zone 

 

Province Total area for 

agriculture 

(’000 hectares) 

Maize cultivated 

area 

(’000 hectares) 

Proportion of 

maize area from  

total agricultural 

area (percent) 

Nan 126.81 83.58 65.91 

Tak 188.42 93.57 49.66 

Phetchabun 592.92 161.82 27.29 

Loei 370.11 98.15 26.52 

Phrae 105.91 27.38 25.86 

Chiang Rai 346.15 68.81 19.88 

Phayao 177.46 35.28 19.88 

Saraburi 158.93 30.82 19.39 

Lamphun  542.50 15.78 18.18 

Lopburi 375.48 59.85 15.94 

Uthai Thani 223.70 28.35 12.68 

Nakhon Ratchasima 1,257.27 131.00 10.42 

Phitsanulok 399.80 40.28 10.10 

Source: Department of Agriculture Extension (2011) 
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Table 3.2  Provinces in minor maize zone 

 

Province Total area for 

agriculture 

(’000 hectares) 

Maize cultivated 

area 

(’000 hectares) 

Proportion of 

maize area from  

total agricultural 

area  

(percent) 

Sa kaeo 330.83 32.07 9.69 

Nakhon Sawan 642.82 59.71 9.29 

Chiang Mai 224.30 19.97 8.91 

Uttaradit 204.67 17.09 8.35 

Lampang 153.55 12.39 8.07 

Kamphaeng Phet 427.79 22.20 5.19 

Sukhothai 314.84 15.32 4.87 

Kanchanaburi 326.82 13.95 4.27 

Nongbua Lamphu 237.40 9.24 3.89 

Chaiyaphum 551.49 19.27 3.49 

Mae Hong Son 40.06 1.25 3.13 

Suphanburi 339.43 9.22 2.72 

Chanthaburi 260.19 5.61 2.16 

Phichit 326.57 6.69 2.05 

Si Sa ket 553.28 7.03 1.27 

Source: Department of Agricultural Extension (2011) 

 

The second stage is shown in Table 3.3, both maize zones are stratified by the 

establishment of a research center following the hypothesis that farmers who have 

more chance to access knowledge or information adopt new technology more rapidly. 

In this stage, Nakhon Ratchasima and Nakhon Sawan are automatically selected 

because both major and minor maize zones have only one province where there is a 

public research center. However, there are four provinces where there is a private 

research center in the major maize zone and a great number of provinces with no 
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research center located in either major or minor maize zones. One province from each 

group was randomly selected due to the limitation of time and the budget constraint. 

 

Table 3.3  The second-stage stratified sampling 

 

Establishment of 

research center 

Major maize zone Minor maize zone 

Public research center Nakhon Ratchasima* Nakhon Sawan* 

Private research center Lopburi**, (Lamphun, 

Phitsanulok, Saraburi)  

- 

None research center Phetchabun**,  

(Chiang Rai, Loei, Nan, 

Phayao, Phrae, Tak, 

Uthai Thani)  

Kamphaeng Phet**, 

(Chaiyaphum, 

Chanthaburi, Chiang Mai, 

Kanchanaburi, Lampang, 

Mae Hong Son, Nongbua 

Lamphu, Phichit, Sa Kaeo, 

Si Sa Ket, Sukhothai, 

Suphanburi, Uttaradit) 

*   Automatically selected 

** Randomly selected 

 

 In the last stage, one district from five targeted provinces in Table 3.3 was 

selected randomly. The sample technique was adapted from Krejcie and Morgan 

(1970) to determine the sample size and assumed a five percent statistical significance 

level.  For the major maize zone, Pak Chong, Chong Sarika and Namron districts 

were selected from their provinces with 19, 83 and 108 sample farmers, respectively. 

In addition, Suksamran and Angthong districts were also chosen for the study area in 

the minor maize zone with 95 and 35 samples. Therefore, the total sample size of this 

study is 341 based on a total of 2,997 maize farm households from five districts as 

shown in Table 3.4 and the study area is illustrated in Figure 3.1.  
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Table 3.4  Three stage stratified sampling and the sample size of the study 

 
Stage I: 

Intensity 

of maize 

area 

Stage II: 

Research center exists 

Stage III: 

Sample districts 

Total 

Maize 

farming 

household 

(person) 

Sample  

size 

(person) 

Sample 

proportion 

(percent) 

Major 

maize 

province 

Public:   

Nakhon Ratchasima 

 

Pak Chong 

 

169 

 

19 

 

0.05 

Private:   Lopburi Chong Sarika 735 84 0.25 

None:   Petchabun Namron 949 108 0.32 

Minor 

maize 

province 

Public:   

Nakhon Sawan 

 

Suksamran 

 

832 

 

95 

 

0.28 

Private:       - - - - - 

None : 

Kampangphet 

 

Angthong 

 

312 

 

35 

 

0.10 

Total 2,997    341      1.00 
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Figure 3.2  Study area in the selected province and district 

 

Research Instrument 

 

 A structured questionnaire was employed to collect data from maize farm 

households. The questionnaire was created from relevant documentation and previous 

adoption research as guidelines. It consists of four sections as follows  

Section 1:   Current farm and maize cultivation information (2011). 

 Section 2:   Farm and maize cultivation information for the past 30 years  

 (1980 – 2010) 

Section 3:   Attitudes toward the advantages of hybrids over OPVs and local    

varieties. 

Section 4:  The characteristics of the respondents. 

 

Data Collection 

 

 A total of 341 questionnaires were obtained by interviewing maize farmers 

from the study sites between May and June, 2011. However, the six questionnaires 

Kampangphet 
(Angthong) 

Nakhon Sawan 
(Suksamran) 

Lopburi 
(Chong Sarika) 

Nakhon Ratchasima 
(Pak Chong) 

Petchabun 
(Namron) 
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(1.7%) were not included in the study because of incomplete information. The 

expected and actual sample sizes of the study are shown in Table 3.5. 

 

Table 3.5  Expected and actual sample size of the study 

 
Study area Expected 

sample  

size 

(person) 

Expected 

sample 

proportion 

Actual 

sample  

Size 

(person) 

Actual  

sample 

proportion 

Major maize zone     

Nakhon Ratchasima (Pak Chong) 19 0.05 22 0.06 

Lopburi (Chong Sarika) 84 0.25 76 0.23 

Petchabun (Namron) 108 0.32 106 0.32 

Minor maize zone     

Nakhon Sawan (Suksamran) 95 0.28 101 0.30 

Kampangphet (Angthong) 35 0.10 30 0.09 

Total 341 1.00 335 1.00 

 

Data Analysis 

 

 After gathering the data from the completed 335 survey samples, all 

questionnaires were edited and coded in order to be analyzed by a STATA (version 

11.1).  

 

1. To achieve the first objective, the simple statistical approaches (i.e. means, 

frequencies), the adopter categorization concept as mentioned in Chapter II (pages 10-

11) and the review of maize R&D in Thailand are employed to describe the frequency 

and cumulative distribution of hybrid maize adopters to characterize the diffusion of 

hybrid maize in Thailand over time.   

 

2. To achieve the second objective, the impact of time-varying and time-

invariant factors on the duration of hybrid maize adoption is analyzed using duration 
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analysis. This approach is appropriate to analyze the data which comprises the time-

independent or vary on time data together.  

 

 Since time plays an important role in explaining the farming decision, a 

duration analysis is used to model the adoption of hybrid maize varieties. In this 

approach, the dependent variable is the length of time since the farmer started maize 

cultivation until they adopted hybrid varieties or until the measurement is taken. An 

important feature of this approach is that one can estimate the probability that a 

farmer will adopt hybrid maize in a particular year.  

 

 Because the research focuses on the farmers who adopt hybrid maize varieties, 

the start year (t = 0) is 1979 when the first hybrid maize was tested and its information 

was introduced. For farmers who started maize cultivation before 1979, the spell 

comprises the time between 1979 until the year in which they adopted hybrid maize. 

For farmers who started maize cultivation after 1979, the spell comprises the time 

between the first year of cultivating maize and the year of hybrid adoption. The 

farmers who used hybrid varieties in the first year when they started maize 

cultivation, the spell amounted to one year. It is assumed that the farmers received the 

information about those hybrid varieties one year before maize cultivation. 

 

 Following the review of the theoretical framework in Chapter II, the three 

parametric models are employed for this study includes exponential, Weibull and 

Gompertz distributions as in equation (2.6), (2.7) and (2.8). A proportional hazard 

model is assumed to introduce the individual covariates. Therefore, the exponential 

distribution can be defined as  

( ) ( )tXXth ,expexp);( 0 ββ=                    (3.7) 

 

the Weibull distribution can be defined as  

( ) ( )t
p Xptth ,expexp)( 0

1 ββ−=             (3.8) 
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and the Gompertz distribution is defined as 

    ( ) ( ) ( )tXtth ,expexpexp)( 0 ββγ=  

 

Express ( )tX,exp β in terms of explanatory variables 

Let   ( ) ( )nnt XXXXX ββββββ +++++= ......exp,exp 3322110             (3.9) 

 

 The explanatory or the independent variables for the analysis are classified 

into three groups, personal characteristics, farm characteristics and other variables 

related to hybrid maize varieties. Each group comprises two types of variable: time-

invariant and time-varying as described in Table 3.6. 
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Table 3.6  Definition of explanatory variables. 

 

Variable Description 

Personal characteristics 

Time invariant  

Education (EDU) Formal education received. (years) 

Household size (HHS) Number of people in household. (persons) 

Experience (EXPE) Years of maize cultivation or maize experience. (years) 

Risk perception (RISK) Money spent for lottery by month. (baht per month)  

Social Meeting 

(PUBM, PRIM, 

SHOPM) 

Average times farmer meet (times per year); 

     Meet with public researchers or extension officers.  

     (PUBM) 

     Meet with private researchers (PRIM) 

     Meet with input shop or input dealer (SHOPM) 

Time varying  

Age (AGET) Age of farmers when they first adopted hybrid maize 

varieties. (years) 

Farm characteristics 

Time invariant  

Distance farm to input 

market (INDIST) 

Distance from the farm to the input market or input 

dealer. (km) 

Time varying  

Farm size (FARMT) Total maize cultivated land when farmers adopted 

hybrid maize varieties. (hectare) 

Other variables related to hybrid maize varieties 

Time invariant  

Attitude (ATTI) The attitude of farmers toward the advantage of hybrid 

maize traits over OPV traits. This variable contains 8 

attributes: 

1. High yielding 

2. Early maturity 
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Table 3.5  (Continued) 

 

Variable Description 

 3. Better maize grain weight and shape 

4. Drought tolerance 

5. Pest and chemical resistance 

6. Easy to harvest 

7. Rust or downy mildew resistance 

8. Higher maize grain price 

(Attitude were measured using a 5-point Likert scale 

approach with 1 = strongly disagree, 2 = disagree, 3 = 

neutral, 4 = agree, 5 = strongly agree. Hence, the 

summed score ranged from 8 – 40 point, the farmers 

who given a response less than 24 points are allocated 

into unfavorable attitudes and the farmers who given a 

response equal or greater than 24 points are allocated to 

favorable attitudes.)     

Time varying  

Extension service 

(PUBEXTT, PRIEXTT, 

SHOPEXTT) 

Farmers received hybrid maize information or extension 

at first adoption from; (1 if yes, 0 if no) 

    Public officers or public research center (PUBEXTT) 

    Private companies or private research center     

    (PRIEXTT) 

    Input shop or input dealer (SHOPEXTT) 

Credit (PUBCDTT, 

PRICDTT, 

SHOPCDTT) 

The farmer’s accessibility to credit at adoption year 

from; (1 if yes, 0 if no) 

    Public organization or public research center  

    (PUBCDTT) 

    Private companies or private research center    

    (PRICDTT) 

    Input shop or input dealer (SHOPCDTT)    
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The estimation of parameters will follow maximum-likelihood methods. From 

equation (2.10), assuming a sample of the n  observations adopted in the duration, *
it , 

and each individual’s time is independent from the time of others, the likelihood 

function is 

   ( )∑
=

=
n

i
itfL

1

* ,θ             (3.10) 

where ( )θ,*
itf  is the density function and θ  is the vector of parameters. But, in cases 

where censored observations are included, the likelihood function can be defined as 

   ( ) ( ) ( )θθθ ,ln,ln
1 1

i

n

i

n

i
ii tSthdL ∑ ∑

= =

+=           (3.11) 

 

To evaluate whether the model fit supports the distribution choice, the Akaike 

information criterion (AIC) which was proposed by Akaike (1974) to test the 

goodness of fit of an estimated statistical model is employed for this study. For the 

parametric duration models, the AIC is defined as 

   )(2)ln(2 cklikelihoodAIC ++−=            (3.12) 

Where k  is the number of parameters, c = 1 for the exponential model, c  = 2 for the 

Weibull and the Gompertz model (Klein and Moeschberger, 1997). Lower AIC 

indicates better likelihood and fits the model best. 

 



 
 
 

 

CHAPTER IV 

 

RESULTS 
 

 This chapter consists of three parts: the adoption and diffusion of hybrid maize 

in Thailand, the descriptive statistics and the empirical estimates. The first part 

indicates the adoption and diffusion pattern of hybrid maize varieties from survey data 

compare and contrast with a review of previous studies and documentation. The next 

part presents the descriptive statistics including demographic characteristics of 

farmers, farm characteristics and attitudes toward the advantages of hybrid maize 

varieties over OPVs and local varieties. The last part presents the estimation of 

exponential and Weibull models based on the model developed in the previous 

chapter. 

 

The Adoption and Diffusion Pattern of Hybrid Maize in Thailand 

 

 The hybrid maize research program was first started in Thailand since 1978 by 

NCSRC and the first maize hybrids were introduced in 1980. Therefore the start point 

of hybrid maize diffusion was in 1980 cropping season. From the 335 survey samples 

of the study, maize farmers in Thailand can be classified into five categories using 

Roger’s adopter categorizations criterion as aforementioned in Chapter II. As 

illustrates in Figure 4.1 and Table 4.1, respectively, there are seven farmers or 2.09% 

who adopted hybrid varieties during 1980 to 1983 and they are classified as the 

innovators. Because the lack of information and experience along with the variation 

of the varieties, these farmers still paid attention to adopt and they represented a high 

level of risk taking when new technology proves unsuccessful. 

 

 During 1983 to 1990, the 69 farmers or 20.60% who adopted at this time are 

classified as the early adopters. Because the hybrids seed price were two or three 

times higher than OPVs, farmers in this category still adopted and had the high degree 

of risk taking not too far ahead of the farmer in innovativeness. Later, the incoming of 
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several private seed companies and seed dealers during the early 1990s led to the 

expansion of hybrid seed production capacity and it appeared to be the start of the 

privatization of the hybrid maize seed industry. In addition, the public extension 

program in 1994, led hybrid maize became well-known among maize growers in 

Thailand. Therefore, the 118 farmers or 35.22% who adopted hybrid varieties 

between 1991 and 1996 are classified as early majority because this category got large 

information and knowledge and they have more chance to access the technology. 

 

 The 84 farmers or 25.07% who adopted hybrid maize between 1997 and 2003 

are classified into the fourth category, late majority. These farmers did not adopt until 

most others had done so and they adopted just after the average member of a social 

system. However, some farmers in this category still preferred OPVs but the 

insufficient of seed provided by public sector led them to adopted hybrids. The last 

category is the laggards, there are 57 farmers or 17.02% who adopted hybrid varieties 

between 2004 and 2010 classified into this group. These farmers are the last in a 

social system to adopt because after year 2001, more than 90% of farmers already 

used hybrid varieties and are almost 100% in 2009 (Office of Agricultural Economics, 

2011).  
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      Figure 4.1  Distribution pattern of hybrid maize adoption by year in Thailand  

  1980 – 2010 

Source: Survey sample (2011) 
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Table 4.1  Categorization of the hybrid maize adopters in Thailand, 1980-2010  

 

Adopter categorization Year Number of farmers Percentage 

Innovators 1980 - 1983 7 2.09 

Early Adopters 1984 – 1990 69 20.60 

Early Majorities 1991 – 1996 118 35.22 

Late majorities 1997 – 2003 84 25.07 

Laggards  2004 – 2010  57 17.02 

Total  335 100 

 

Hence, the cumulative of hybrid maize adoption and aggregate diffusion in 

Thailand from survey data can be illustrated as in Figure 4.2. The figure is consistent 

to the previous study in Suwantaradol (2001) and Ekasingh et al. (2004) that the 

farmers’ acceptance and adoption of hybrid varieties during the first stage was limited 

and slow. However, after year 1990 the adoption increased dramatically due to the 

incoming of several private companies in seed industry. After year 2002, the adoption 

increased gradually when compared to the previous period because most of Thai 

maize farmers already adopted these varieties and only a few farmers who did not 

adopted yet. 
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Figure 4.2  Cumulative adoption and aggregate diffusion of hybrid maize in  

        Thailand 1980-2010 

Source: Survey sample (2011) 
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Descriptive Statistics 

 

 The survey data were collected and edited in order to describe the general 

information on the demographic and farm characteristics of maize farmers in 

Thailand. In addition, the other variables related to public and private roles, the 

characteristics of hybrid maize varieties and the attitudes of farmers toward the 

advantages of hybrid maize over OPVs and local varieties are also described in the 

study.   

 

Demographic Characteristics of Maize Farmers 

 

 The demographic characteristics of 335 sample maize farmers are summarized 

in Table 4.2. The surveyed male farmers accounted for 55.22% or 185 persons and 

44.78% or 150 persons are female farmers. The average age of farmers in this survey 

is 51.15 years with the age of the youngest farmers at 22 years and the eldest at 86 

years. 

  

 With respect to the years of formal education received, it was found that the 

average year of formal education is 5.31 years and the minimum years of education 

received is at zero or no education received. The highest level education of surveyed 

farmers is 16 years or can be defined as graduation with a bachelor degree or equal. 

  

 With respect to the size of maize farmers’ households, the average number of 

persons in the households is 4.08 persons. The smallest farmers’ households are only 

one person while the largest number of persons in maize farmers’ households is 12 

persons. 

 

 Risk perception or risk acceptance is identified as one significant factor in the 

technology adoption study. This study measures risk perception through the monthly 

money payment for the government lottery. From the surveyed data, the average 

amount of money that maize farmers paid for lottery was 448.83 baht per month with 
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the highest amount of money spent being 20,000 baht. However, there are 100 

farmers who do not spend their money for this lottery.  

 

 With respect to experience of maize cultivation, it was found that the average 

number of years of maize experience is 24.48 years and the experience distribution 

ranges between 2 and 62 years. In addition, the study also found that the average 

income of farmers’ household is 550,408.7 baht per year while the average income 

from maize cultivation is 297,192.3 baht per year. 

 

 For communication through the measurement of annual meetings, the study 

found that maize farmers have the most formal meetings with public officers or public 

researchers at an average of 1.91 times per year, followed by meetings with input 

shops or input dealers at 0.95 times and private companies at 0.71 times per year. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

44 
 

 

Table 4.2  Summary of demographic characteristics of maize farmers, 2011 

 

Demographic Mean Min Max Frequency Percentage 

No. of Observations - - - 335 100.0 

Gender         

Male - - - 185 55.22 

Female - - - 150 44.78 

Age (year) 51.15 22 86 - - 

Years of education  5.31 0 16 - - 

Household Size (person) 4.08 1 12 - - 

Money spends for 

Lottery (baht/month) 448.83 0 20000 - - 

Maize Cultivation 

Experience (year) 24.48 2 62 - - 

Household Income 

(baht/year) 550,408.7 33,600 4,300,000 - - 

Maize Income (baht/year) 297,192.3 3,225 3,748,080 - - 

Annual meeting with; 

(times per year)         

Public researchers 1.91 0 12 - - 

Private companies 0.71 0 8 - - 

Input shop or dealer 0.95 0 36 - - 

 

Farm Characteristics of Maize Farmers 

 

 The farm characteristics and production indicators of maize farmers are 

summarized in Table 4.3. The results reveal that the majority of maize farmers 

cultivate only one crop season of maize in a year, which accounted for 90.15% or 302 

farmers while the percentage of maize farmers who cultivate two crops of maize per 

year was only 10.85% or 33 farmers. This study also found that the number of farmers 

who cultivate maize in monoculture practice was 168 farmers or 50.15% while 167 

farmers or 49.85% cultivate in a polyculture practice. However, there were 93.13% or 
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312 maize farmers who cultivate maize as a main crop and only 6.87% or 23 farmers 

who cultivate maize as a second crop. In addition, the study also found that 317 

farmers or 94.63% of maize farmers sold their products to local collectors, followed 

by wholesalers with nine farmers or 2.69% and eight farmers or 2.39% who sold to a 

manufacturer while there is only one farmer who sold maize products to the public 

sector. 

   

 With respect to the distance from the farm to the input market, input shop or 

input dealer where farmers buy maize seed for cultivation, it was found that the 

average distance is 9 km with the shortest distance at 0.01 km and the longest distance 

at 45 km.  

 

  Having a research center close to the farm is expected to be a significant 

factor on the speed of adoption. From the surveyed data, it was found that 36.72% or 

123 farmers are located in a province where there is a public research center, 22.69% 

or 76 farmers have their farm located in a province where there is a private research 

center and 40.59% or 136 farmers have their farm located in a province with no public 

or private research center.   

 

For the production indicators, the farm areas of maize cultivation are ranked 

between 0.08 hectares to 80 hectares and the average farm area from the survey is 

6.28 hectares while the average productivity of survey farmers is 7.38 ton per hectare. 

With respect to the maize seed price, it was found that the price distribution ranges 

between 50 and 180 baht per kg and the average price of maize seed is 127.7 baht per 

kg. The average amount of maize seed used per hectare is 20.39 kg while the 

distribution ranges from 9.375 kg per hectare to 41.25 kg per hectare. In addition, the 

maize farmers could sell their maize grain at an average price of 5.65 baht. The lowest 

price of maize grain is 2.65 baht per kg and the highest price that farmers received is 

12.36 baht per kg. The average maturity day of maize or the time period farmers 

waited from cultivation to harvest is 110.8 days and the distribution ranges between 

90 and 150 days. Moreover, all maize farmers from the survey used hybrid maize that 

means there is no censored observation in this study. 
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Table 4.3  Summary of farm characteristics of maize farmers in Thailand, 2011 

 

 

 

 

 

Farm characteristic Mean Min Max Frequency Percentage 

No. of Observations - - - 335 100.0 

Maize farming characteristics 

Cropping season per year         

1 season - - - 302 90.15 

2 seasons - - - 33 10.85 

Maize cultivation practice      

Monoculture - - - 168 50.15 

Polyculture - - - 167 49.85 

Importance of maize       

Main crop - - - 312 93.13 

Second crop - - - 23 6.87 

No. of farmers who 

cultivate maize as a 

commercial crop - - - 335 100 

Products are sold to;      

  Local collector - - - 317 94.62 

  Wholesaler - - - 9 2.69 

Manufacturer - - - 8 2.39 

Public sector - - - 1 0.30 

Distance from farm to 

input market (km) 9 0.01 45 - - 

Research center exists      

Public  - - - 123 36.72 

Private  - - - 76 22.69 

None - - - 136 40.59 
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Table 4.3  (Continued) 

 

 

Farm Characteristics of Maize Farmers at the Time of First Adoption of Hybrid 

Maize  

 

 The farm characteristics of maize farmers since the first adoption from OPVs 

or local varieties to hybrid maize varieties are described in Table 4.4. The majority of 

maize farmers who started maize cultivation after 1980 are 57.31% or 192 farmers 

and the farmers who started maize cultivation before or in 1980 are 42.69%. Since the 

hybrid maize was first released in 1980, the number of farmers who started using 

hybrid seeds one year after it was released or started using hybrids in the first year of 

maize cultivation (duration of adoption equal to one) is 40.00% or 134 farmers. While 

60.00% or 201 farmers waited and considered adopting hybrids more than one year 

after the release or after they started maize cultivation. The average years of duration 

or the length of time farmers waited before adopting the hybrid maize varieties is 7.90 

years with the shortest period at one year and the longest period at 28 years.  In 

addition, the age of farmers at the first adoption ranges between nine and 76 years and 

the average age of farmers at the first adoption is 37.05 years.  

     

With respect to the farm area of maize at the first adoption of farmers, it was 

found that the average farm area at the first adoption is 7.19 hectares and ranges 

Farm characteristic Mean Min Max Frequency Percentage 

Maize farming production indicators 

Maize farm size (hectare) 6.28 0.08 80 - - 

Yield (ton/hectare) 7.38 1.33 14.06 - - 

Seed price (baht/kg) 127.7 50 180 - - 

Seed rate (kg/hectare) 20.39 9.375 41.25 - - 

Farm price(baht/kg) 5.65 2.64 12.36 - - 

Maturity (day) 111.8 90 150 - - 

No. of farmer who use 

hybrid maize varieties - - - 335 100 
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between 0.08 hectares and 184 hectares. The price of hybrid maize seed and the maize 

grain price at the first adoption are deflated in accordance with the consumer price 

index or CPI (Bureau of Trade and Economic Indices, 2012). The average price of 

hybrid maize seed is 119.81 baht per kg and ranges between zero and 220.30 baht per 

kg, which means some farmers could access this hybrid maize variety without any 

payment. The average price of maize grain is 5.20 baht per kg with the lowest price at 

1.39 baht per kg and the highest price at 31.69 baht per kg.  

 

Table 4.4  Hybrid maize varieties adoption by farmers in Thailand, 2011 

 

Farm characteristic Mean Min Max Frequency Percentage 

No. of Observations - - - 335 100.0 

No. of farmers who start 

maize cultivation      

Up to and including 1980 - - - 143 42.69 

After 1980 - - - 192 57.31 

No. of hybrid maize Farmers        

In the first year after its 

release. - - - 134 40.00 

More than one year after 

its release. - - - 201 60.00 

Duration before adoption 

(years) 7.90 1 28 - - 

Age of farmers at adoption 

(year) 37.05 9 76 - - 

Farm size at adoption 

(hectares) 7.19 0.08 184 - - 

Seed price at adoption 

(baht/kg) 119.81 0 220.30 - - 

Grain price at adoption 

(baht/kg) 5.20 1.39 31.69 - - 



 
 

49 
 

 

Source of Maize Seed  

 

 The sources of maize seed in the current year and the source of hybrid 

varieties at the first time of adoption are described in Table 4.5. It shows that input 

shops or input dealers played important roles as the main source of maize seed as 

73.73% of survey maize farmers purchased seed from this sector followed by public 

research centers, private companies and local farmers at 18.51%, 3.58% and 3.28%, 

respectively. There was only one farmer who received free seed from an input shop or 

input dealer; only one who received free seed from private companies and one farmer 

who used self-saved seed. 

 

 When compared to the source of hybrid maize seed at the first time of 

adoption, it was found that input shops or input dealers also played an important role 

in hybrid maize seed distribution with 71.64% if farmers purchasing seed from this 

source. In addition, there were 19.70%, 4.78% and 1.19% who purchased hybrid 

maize seed from public research centers, private companies and local farmers, 

respectively. However, the study found that there were three farmers who received 

free hybrid maize seed from input shops, three farmers who received seed from a 

public research center and three farmers who received free seed from private 

companies. 
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Table 4.5  Proportion of the source of maize seed for cultivation currently and the  

 source of hybrid varieties at the first time of adoption in Thailand, 2011 

 

Source of seed for maize 

cultivation 

At present 
 

Hybrid varieties seed 

at the first adoption 

Frequency Percentage  Frequency Percentage 

Purchase from;      

   Input shop/dealer 247 73.73  240 71.64 

   Public research centers   62 18.51    66 19.70 

   Private companies   12   3.58    16   4.78 

   Local farmers   11   3.28     4   1.19 

Free distribute from;      

   Input shop/dealer    1   0.30     3   0.90 

   Public research centers    - -     3   0.90 

   Private companies    1   0.30     3   0.90 

   Local farmers    - -     - - 

Self- saved seed    1   0.30     - - 

Total 335 100  335 100 

 

Companies Supplying Hybrid Maize Varieties  

 

 Farmers were asked “Which brands or companies of maize seed do you use 

currently and at the first time of adoption of hybrids?” The majority of maize farmers 

currently use the varieties from Monsanto and Syngenta companies at 33.73% and 

31.04%, respectively, followed by 14.33% who use the varieties from CP companies, 

9.85% from Pacific, 7.76% from Pioneer, 0.6% from Cargill and 2.69% from other 

private companies. However, from the surveyed data, none of maize farmers currently 

use the hybrid varieties or other varieties from the public sector.   

 

 With respect to the hybrid seed companies that farmers used when they first 

adopted hybrid varieties, it was found that the majority of maize farmers used the seed 

varieties from CP at 40.00%, followed by Monsanto at 25.67%, Syngenta at 13.43%, 
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Pacific, Pioneer and Cargill at 6.87%, 5.97% and 5.37%, respectively. In addition, 

there are some farmers who used the public hybrids at 2.69% when first adopting 

hybrid maize varieties.  

 

Table 4.6  Proportion of hybrid maize varieties’ companies currently and at the  

 first time of adoption in Thailand, 2011  

 

Companies of hybrid 

maize seed 

At present  At the first adoption 

Frequency Percentage  Frequency Percentage 

CP   48 14.33  134 40.00 

Syngenta 104 31.04    45 13.43 

Monsanto 115 34.33    86 25.67 

Pacific   33   9.85    23   6.87 

Pioneer   26   7.76    20   5.97 

Cargill    - -    18   5.37 

Other private companies    9   2.69     -  - 

Public varieties    - -     9   2.69 

Total 335 100  335 100 

 

Source of Extension Service and Information of Hybrid Maize Varieties 

 

 Maize farmers were asked “Did you receive extension services or programs at 

the first adoption of hybrid maize varieties? And if you received any, what is the 

source of this extension?” It was found that the majority of farmers received extension 

services from private companies or a private research center when they decided to 

adopt hybrid varieties at 48.06%. The percentage of maize farmers who received 

extension services from public officers or a public research center was 30.75%. In 

addition, 28.96% received extension services from input shop or input dealer. 

However, there are 16.12% who did not receive extension services from public sector, 

private sector and input shop as shown in Table 4.7.   
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Table 4.7  Number of farmers who received seed extension services for maize  

 cultivation at the first hybrid varieties adoption in Thailand 

 

Item Frequency Percentage 

No. of Observations 335 100.0 

Extension Service     

Public officers  63 18.81 

Private companies  96 28.66 

Input dealer  50 14.93 

Public officers and private companies  25   7.46 

Public officers and input dealer   7   2.09 

Private companies and input dealer 32   9.55 

Public officers and private companies and input  

dealer   8   2.39 

No received extension services 54 16.12 

Total number of farmers who received extension service from 

Public officers  103 30.75 

Private companies  161 48.06 

Input dealer   97 28.96 

 

Source of Credit for Input at the First Adoption of Hybrid Maize Varieties  

 

 With respect to credit for inputs, maize farmers were asked “Did you receive 

credit for inputs at the first adoption of hybrid maize varieties? And if you received 

credit, what is the source of this credit?” The surveyed data in Table 4.8 shows that 

the majority of maize farmers received credit for inputs from a public organization or 

a public research center at 45.97%, followed by credit from an input shop or input 

dealer at 12.84%, credit from private companies or a private research center at 3.88% 

while the percentage of farmers who did not receive any credit at the first adoption of 

hybrid maize varieties was 38.80%. 
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Table 4.8  Number of farmers who received credit for maize cultivation at the  

  first hybrid varieties adoption in Thailand  

 

Item   Frequency Percentage 

No. of Observations 335 100.0 

Credit     

Public officers  149 44.48 

Private companies    11   3.28 

Input dealer    40 11.94 

Public officers and private companies      2   0.60 

Public officers and input dealer     3   0.90 

Private companies and input dealer     0   0.00 

Public officers and private companies and input  

dealer     0   0.00 

No received extension services 130 38.80 

Total number of farmers who received credit from 

Public officers  154 45.97 

Private companies    13   3.88 

Input dealer   43 12.84 

 

Attitudes toward the Advantages of Hybrid Maize over OPVs and Local 

Varieties  

 

 The maize farmers were asked whether they strongly disagree, disagree, 

neutral, agree or strongly agree about eight attributes of hybrid maize over OPVs and 

local varieties, as presented in Table 4.9.  

 

 The attribute that farmers have the most agreement was the higher yielding of 

hybrid varieties over OPVs and local varieties with 84.78% while only 8.36% of 

farmers were uncertain and 6.78% disagreed. Followed by the attribute that hybrid 

varieties have better weight of grain and shape of kernel when compared to OPVs and 

local varieties with 81.79% agreed, 10.45% were uncertain and 7.76% disagreed. 
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  For the third attribute, it was found that 69.56% of farmers agreed that hybrid 

varieties can tolerate drought more than OPVs and local varieties while 19.40% 

disagreed and 11.04% were uncertain. Easier to harvest is the fourth attribute that 

farmers have positive attitude. There were 67.76% of farmers who agreed that hybrid 

varieties could be harvested easier than OPVs and local varieties while 18.51% 

disagreed and 13.72% were uncertain about this attribute. 

 

 Rust or downy mildew resistant is the fifth attribute. There were 58.21% 

farmers who agreed that hybrid varieties could resist rust or downy mildew more than 

OPVs and local varieties while 27.76% were uncertain and 13.03% disagreed. The 

next two attributes are the pesticide and chemical resistant, and maturity with the 

agreement attitude at 50.15% and 49.25%, respectively.  

 

 The last attribute is that the price of hybrid maize grain is higher than the 

maize grain from OPVs and local varieties. There were only 37.61% who agreed with 

this statement while the majority of maize farmers disagreed at 49.45% and the 

percentage of farmers with an uncertain attitude was 11.94%. 
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Table 4.9  Attitudes toward the advantage of hybrid maize over OPVs and local  

 varieties in Thailand, 2011 

 

Statement 
Strongly 

Disagree 
Disagree Neutral Agree 

Strongly 

Agree 

Higher yielding 2 21 28 130 154 

  (0.60) (6.27) (8.36) (38.81) (45.97) 

      

Earlier maturity 17 110 43 118 47 

  (5.07) (32.84) (12.84) (35.22) (14.03) 

      

Better grain weight  &  4 22 35 124 150 

 Shape (1.19) (6.57) (10.45) (37.01) (44.78) 

      

More drought tolerant 7 58 37 123 110 

  (2.09) (17.31) (11.04) (36.72) (32.84) 

      

More pesticide and   4 70 93 142 26 

chemical resistant (1.19) (20.90) (27.76) (42.39) (7.76) 

      

Easier to harvest 3 59 46 123 104 

  (0.90) (17.61) (13.73) (36.72) (31.04) 

      

More rust or downy  5 42 93 122 73 

mildew resistant (1.49) (12.54) (27.76) (36.42) (21.79) 

      

Higher maize grain price 25 144 40 72 54 

  (7.46) (42.99) (11.94) (21.49) (16.12) 
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 The attitudes toward the advantages of hybrid maize over OPVs and local 

varieties in Table 4.9 were measured using a 5-point Likert scale approach with 1 if 

strongly disagree, 2 if disagree, 3 if neutral, 4 if agree and 5 if strongly agree. Hence, 

the summed scores ranged from 8 – 40 points. The farmers who gave responses less 

than 24 points are allocated into unfavorable attitudes and the farmers who gave 

responses equal to or greater than 24 points are allocated to favorable attitudes. The 

number of farmers who were judged to have favorable and unfavorable attitudes is 

shown in Table 4.10. 

 

Table 4.10  Numbers and percentage of favorable and unfavorable attitudes   

                     toward the advantage of hybrids over OPVs and local varieties for     

                   maize cultivation in Thailand, 2011 

 

Item  Frequency Percentage 

No. of Observations 335 100.00 

Attitudes     

Favorable attitude 309   92.24 

Unfavorable attitude   26     7.76 

 

Empirical Results 

 

Before estimating the parametric models, the Kaplan-Meier non-parametric 

estimator is commonly used to investigate the duration data. Figure 4.3 presents the 

survival function which illustrates the relationship between the proportion of non-

adopters and the adoption spell and it represents the time difference between the year 

of first maize cultivation and the year of hybrid varieties adoption.    

 

The horizontal axis denotes the number of years farmers wait before deciding 

to adopt hybrid maize and the vertical axis presents the proportion of farmers who 

have not yet adopted at time t. Figure 4.3 illustrates that there are more than 40% of 

maize farmers who adopted hybrid maize since the first year after it was introduced 

included the farmers who used hybrids for the first time of cultivation. From the data 
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collected in 2011, all of the sample maize farmers adopted hybrid varieties and the 

longest period that farmers waited before adopted is 28 years. Hence, the censored 

observations do not occur but duration model still used to indicate the factors that 

affected to the speed of adoption and the probability of surviving past a certain point 

in time may be of more interest than the expected time of the event. 
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Figure 4.3  Kaplan-Meier estimator of the survival function 
    

For the parametric estimation, the Akaike information criterion (AIC) is 

employed to choose the best fit model, and can be defined as )(2ln2 ckLAIC ++−= , 

where k  is the number of independent variables, c  is the number of model-specific 

distribution parameters (=1 for exponential and =2 for Weibull and Gompertz 

distribution). Based on our samples, the AIC for the exponential distribution is 

868.769, Weibull distribution is 801.003 and Gompertz distribution is 699.634.  

Therefore, the Gompertz distribution has the lowest AIC and fits the model better. 

 

The results of the exponential, Weibull and Gompertz distribution hazard 

models are presented in Table 4.11. The coefficient estimates are reported as hazard 

ratios ( ),exp( Xβ ). A value greater than one is interpreted as a positive impact on the 
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hazard rate of adoption, implying a faster adoption process, and vice versa for a value 

less than one. For the demographic or personal characteristics of maize farmers, it was 

found that experience of maize cultivation (EXPE) has a significant impact on the 

speed of hybrid maize adoption on exponential, Weibull and Gompertz distributions, 

with a hazard ratio at 0.910, 0.879 and 0.857, respectively. This means that farmers 

with a one year increase in experience decrease the speed of adoption at 9.0% in cases 

of exponential, 12.1% for Weibull and 14.3% for Gompertz distributions. As a result, 

it does not support the hypotheses that more years of farming experience increases the 

probability of adoption. Since most of the less experienced farmers had started maize 

cultivation with hybrid varieties which are high yielding, along with the lack of 

accessibility to OPVs or local varieties, these are important factors affecting the speed 

of hybrid varieties adoption.  

 

The age at the time of adoption (AGET) is one of the factors that influents the 

speed of adoption in case of exponential and Weibull distributions. Older farmers 

speed up the probability of adopting earlier as a one year increase in age increases the 

speed of adoption at 1.3% for exponential distribution and 1.6% for Weibull 

distributions. However, due to this study assumes Gompertz distribution, the age of 

farmers has no impact to the speed of hybrid maize adoption. 

 

In addition, public communication through meetings has a significant effect on 

the speed of adoption. The result shows that farmers with a one time increase in 

meetings with public officers or researchers decreases the speed of adoption at 4.1% 

for exponential, 6.1% for Weibull and 6.5% for Gompertz distributions. Therefore, 

less frequent meetings with the public officers may actually increase the speed of 

hybrid maize adoption. As a result, it does not support the hypotheses but it may be 

possible because the public sector still produced and developed OPVs maize in the 

early stage after the release of hybrid varieties. The access to OPVs by farmers and 

the lower price of OPVs relative to hybrid varieties may slow down the speed of the 

adoption. 

 



 
 

59 
 

 

 In contrast, meetings with private researchers (PRIM) or input dealers (SHOPM) 

had no significant impact on the speed of adoption while they also represent a 

negative impact in common with meetings with the public sector. This may imply that 

meetings with private sector or input dealers do not affect the adoption decision of 

maize farmers to use hybrid varieties.  

 

 However, the formal education of farmers (EDU), the size of households (HHS) 

and risk perceptions (RISK) are also demographic variables that have no significant 

impact on the speed of adoption in this study. 

 

Distance from the farm to the input market or input dealer (INDIST) also 

plays an important role in the speed of adoption. It is suggested that an increase in 

distance by 1 km decreases the speed of adoption by 1.8% in case of Weibull and 

2.2% for the Gompertz distribution. It implies that farmers who have farms closer to 

input markets or input dealers tend to adopt earlier. However, farm size at adoption 

time (FARMT) which was expected to positively shift the probability of adoption has 

no effect on the rate of adoption. However, the attitude towards the advantages of 

hybrid varieties over OPVs and local varieties (ATTI) was not found to have a 

significant on the speed of adoption. 

 

With respect to the extension services, it was found that the extension services 

from an input shop or input dealer (SHOPEXTT) have a positive impact on the speed 

of hybrid maize adoption. For a unit increase in input shop extension service, the 

hazard rate of adoption is increased at 21.3% for the Gompertz distribution. On the 

other hand, the extension services from public researchers or a public research center 

(PUBEXTT) and private officers or a private research center (PRIEXTT) do not play 

an important role on the speed of adoption. As a result, it could be explained that 

extension services for hybrid maize varieties from an input shop or input dealer is 

more influential on the adoption decision from farmers than an extension service from 

any other sector. 
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 However, credit from private companies or a private research center 

(PRICDTT) has become a significant factor on the speed of adoption. It implies that a 

unit increase in credit received will increase the speed of adoption 2.5 times for 

Weibull and 2.73 times for Gompertz distributions. However, the credit received from 

a public organization or a public research center (PUBCDTT) and an input shop or 

input dealer (SHOPCDTT) does not show the significant impact to the speed of 

adoption.  

 

From the regression results above, it can be concluded that innovation or 

technology should be transferred to less experienced farmers or the new generation 

farmers to increase the speed of adoption. In terms of the public, private and input 

dealer roles in the adoption process, the results imply that while public 

communication may inversely influence the speed of hybrid maize varieties adoption, 

communication with private companies and input dealers was successful in increasing 

the adoption rate through the extension services of input dealers and the provision of 

credit for maize cultivation from the private sector. One possible reason is that 

farmers pay more attention to input dealers because they are more closely compared 

to the public or private sector. In addition, the credit for inputs from private 

companies has to be one important reason affecting the adoption decision as some 

private companies used the contract-farming approach and farmers can have more 

opportunity to access the new varieties.           

 

 There are two main reasons to explain the analysis that the public sector has a 

significant role but has lowered the speed of adoption: one is that the public sector 

still produced and developed OPVs maize in the early stage when hybrid varieties 

were released, and the lower price of OPVs relative to hybrid varieties may have 

decelerated adoption. Another reason is from the ineffectiveness of the knowledge-

transfer of new crop varieties from public officers, which leads to less acceptance and 

adoption of the new varieties. 

 

 Moreover, one possible explanation is that the hybrid maize varieties are well-

accepted among farmers because of significant yield improvement, compared to 
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OPVs.  Even without public extension services or private companies’ promotion, the 

speed of hybrid maize adoption most likely depends on the availability of seeds in the 

seed market.  This also can be seen from the impact of accessibility to inputs (located 

near input dealers) on the speed of adoption discussed above. The privatization of 

hybrid varieties in 1991 allows greater access to hybrid seeds, and significantly 

increases the number of adopters (Fig 4.1). In this case, the attributes of technology 

(the trialability and observability of relative benefits) could be an important factor 

along with social communication.  
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Table 4.11  Coefficient estimates of exponential, Weibull and Gompertz distribution  

  hazard model for the adoption of hybrid maize varieties (N=335) 

 

Note: *, **, *** Estimates are significant at the 10%, 5%, and 1% level, respectively 

Source: Estimated based on farmer survey data 

Variable 

Distribution 

Exponential Weibull Gompertz 

Hr. ratio P-value Hr. ratio P-value Hr. ratio P-value 

EDU 1.021 0.295 1.030 0.148 1.023 0.263 

HHS 1.008 0.834 1.009 0.829 1.043 0.307 

EXPE 0.910 0.000*** 0.879 0.000*** 0.857 0.000*** 

RISK 1.000 0.715 1.000 0.580 1.000 0.489 

AGET 1.013 0.029** 1.016 0.006*** 1.007 0.237 

PUBM 0.959 0.055* 0.939 0.006*** 0.935 0.004*** 

PRIM 0.986 0.768 0.991 0.858 0.998 0.961 

SHOPM 0.979 0.342 0.969 0.188 0.964 0.149 

INDIST 0.988 0.118 0.982 0.018** 0.978 0.006*** 

FARMT 1.001 0.904 1.002 0.772 1.001 0.832 

ATTI 0.934 0.747 0.896 0.605 0.799 0.293 

PUBEXTT 0.991 0.946 1.038 0.782 1.097 0.495 

PRIEXTT 0.845 0.184 0.816 0.110 0.889 0.355 

SHOPEXTT 0.991 0.945 1.022 0.867 1.213 0.044** 

PUBCRDTT 0.948 0.667 0.909 0.448 0.894 0.372 

PRICRDTT 1.877 0.037 2.509 0.003*** 2.731 0.001*** 

SHOPCRDTT 1.045 0.814 1.065 0.741 0.922 0.672 

p   1.445    

λ    0.692    
γ      0.169  

Log-likelihood -416.384  -381.502  -330.817  

Chi2 262.81  331.32  430.16  

AIC 868.769  801.003  699.634  



 
 
 

 

CHAPTER V 

 

CONCLUSIONS AND RECOMMENDATIONS 

 
Conclusions 

 

Hybrid maize varieties were released in Thailand in 1980 as one of the earliest 

hybrid crops in the agricultural market. The first hybrid varieties were released by the 

public sector; nonetheless, farmers’ adoption of the public varieties was limited and 

slow partly due to the lack of information and experience of the new varieties. 

However, in the early 1990s, there was a substantial change in the maize seed 

industry, marked by an increasing role of private seed companies in production 

practice. Even though several studies showed that private hybrid maize varieties are 

more productive than open-pollinated varieties and public hybrids, the impacts of 

productivity as well as other factors on the adoption decision and the overall adoption 

rate are not yet clearly understood. Therefore, this study indicates the diffusion pattern 

of hybrid maize varieties in Thailand and determines the factors affecting the duration 

of adoption decisions by using the surveyed data from 335 maize farmers across five 

provinces of Thailand; Nakhon Ratchasima, Lopburi, Petchabun, Nakhon Sawan and 

Kampangphet.  

 

The research revealed that hybrid maize diffusion pattern in Thailand 

approaches similar patterns suggested by Rogers. There were only 2.09% of maize 

farmers who adopted hybrid varieties during 1980-1983 and tended to be the 

innovators. The 20.60% of farmers who adopted next, were classified as early 

adopters and 35.22% were classified as early majorities. During these two categories, 

the adoption process increased dramatically because of the incoming of several 

private companies in seed industry. In addition, there were 25.07% of farmers who 

represents the late majorities and 17.02% who were the laggards. 
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In Thailand, the majority of maize farmers used the hybrid maize varieties 

from CP company after their first adoption, followed by Monsanto and Syngenta 

while only a few farmers who adopted the public hybrids. Currently, the varieties of 

Monsanto are the most popular among maize growers following by the varieties from 

Syngenta. The varieties from CP accounted for the third place in the market while 

none of the public hybrids are used by farmers. It can be concluded that public sector 

has seldom played the role in hybrid maize seed market and the competition from 

private companies was very concentrate. 

 

With respect to extension services and credit for inputs at the first adoption, it 

was found that the majority of maize farmers received an extension service for hybrid 

maize from private companies or private research centers, followed by public sector 

and input dealer, respectively. On the other hand, the result shown that public 

organizations play the most important roles in providing credit for inputs, followed by 

input dealer and only a few farmers who received credit from private sector. 

 

With respect to the attitudes toward the advantages of hybrid maize over 

OPVs and local varieties, the results indicated that the majority of farmers have a 

positive attitude to the hybrid maize varieties. The most favorable attitude is that 

hybrid varieties have higher yield when compared to OPVs and local varieties, 

followed by better weight and shape of maize grains, more drought tolerance, easier 

to harvest, more rust and downy mildew resistance, more pesticide resistance, faster 

mature and the receipt of higher price for maize grain, respectively. 

 

In the empirical estimation, due to all of the sample maize farmers adopted 

hybrid varieties therefore the censored observations do not occur. However duration 

model is still used to indicate the factors that affected to the speed of adoption and the 

probability of surviving past a certain point in time may be of more interest than the 

expected time of the event. For parametric estimation, the Akaike information 

criterion (AIC) is employed to choose the best fit model and it is found that Gompertz  

distribution fits model better than exponential and Weibull distributions. 
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The empirical results from the farm survey reveal that farmers with a fewer 

number of years on maize cultivation or less experienced tend to adopt the hybrid 

maize varieties earlier. The study also suggests that farm location being closer to the 

input dealers will speed up the adoption of the hybrid varieties. When considering the 

role of public organizations, private companies and input dealers on the speed of 

hybrid maize adoption, It was found that less communication with public extension 

officers increased the adoption of hybrid maize varieties. On the other hand, more 

extension services from an input dealer and a higher level of credit loans from private 

companies were positively correlated to the speed of the adoption. 

 

Recommendations 

 

The empirical findings are a useful guide to policy makers or seed producers 

to increase the speed of adoption and to identify their policies and strategies. The first 

recommendation is that new crop varieties should be promoted to new generation 

farmers and those who are less experienced in maize cultivation. The reason is that 

the new generation farmers tend to be more educated and have more capability to 

consider the use of new technology. Thus, providing knowledge or information about 

technology to these farmers will speed up adoption and diffusion. The next 

recommendation is that increasing input accessibility would also increase the adoption 

rate because farmers with less distance from farm to input market tend to adopt 

earlier. 

 

In addition, more effective communication by the public sector is needed, such 

as the transfer of knowledge and information about new crop varieties, to increase the 

speed of adoption. In addition, a sufficient extension service through input shops or 

input dealers and credit loans for inputs from the private sector could enhance the 

adoption decision to use new technology. Moreover, the availability of technology 

may be important to the speed of adoption in cases of prominent perceived benefits 

(significant yield improvement) like hybrid maize varieties.  
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Further Study 

 

 This study is an initial step for applying duration analysis to investigate the 

speed of adoption based on Thai agricultural commodity. This can serve as a 

guideline for analyze not only the adoption of other agricultural commodities but also 

in the adoption of new farming system, agricultural practices, new technology in 

agriculture and so on. In addition, some variables related to the physiographic 

characteristics such as highland, upland and lowland include the community 

characteristics such as the information from neighbors or head of community might be 

added to the model for further study because this might effect to the speed of adoption 

in other commodity. 
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Table for determining the sample size from a given population 
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Table for determining the sample size from a given population 

 

N S N S N S N S 

10 10 150 108 460 210 2200 327 

15 14 160 113 480 214 2400 331 

20 19 180 118 500 217 2600 335 

25 24 190 123 550 225 2800 338 

30 28 200 127 600 234 3000 341 

35 32 210 132 650 242 3500 346 

40 36 220 136 700 248 4000 351 

45 40 230 140 750 256 4500 351 

50 44 240 144 800 260 5000 357 

55 48 250 148 850 265 6000 361 

60 52 260 152 900 269 7000 364 

65 56 270 155 950 274 8000 367 

70 59 270 159 1000 278 9000 368 

75 63 280 162 1100 285 10000 373 

80 66 290 165 1200 291 15000 375 

85 70 300 169 1300 297 20000 377 

90 73 320 175 1400 302 30000 379 

95 76 340 181 1500 306 40000 380 

100 80 360 186 1600 310 50000 381 

110 86 380 181 1700 313 75000 382 

120 92 400 196 1800 317 100000 384 

130 97 420 201 1900 320   

140 103 440 205 2000 322   

Source: Krejcie and Morgan (1970) 

  N represents the population size. 

  S represents the sample size. 
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ส่วนท่ี 1 

กรุณาตอบคาํถามต่อไปนีใ้ห้ตรงกับความเป็นจริงมากท่ีสุด 

1. ทา่นปลกูข้าวโพดเพ่ือเป็นการค้าใชห่รือไม่X]]-U 

 ใช ่     ไมใ่ช ่ 

2. ลกัษณะของการปลกูข้าวโพดในไร่ของทา่น 

 ปลกูข้าวโพดเพียงอยา่งเดียว   

 ปลกูร่วมกบัพืชอ่ืนๆ (โปรดระบ)ุ _____________________________   

3. ในกรณีท่ีทา่นปลกูข้าวโพดร่วมกบัพืชอ่ืนๆ ข้าวโพดเป็นพืชหลกัหรือไม่  

  พืชหลกั    พืชรอง 

4. จํานวนรอบของการปลกูข้าวโพดในแตล่ะปี 

 1 รอบ    2 รอบ    อ่ืนๆ _________ 

5. ปัจจบุนัทา่นปลกูข้าวโพดพนัธุ์อะไร และกรุณาระบพุนัธุ์ท่ีทา่นทราบ 

 พนัธุ์ลกูผสมของเอกชน (โปรดระบพุนัธุ์) _____________________________  

 พนัธุ์ลกูผสมของภาครัฐ (โปรดระบพุนัธุ์) _____________________________  

 พนัธุ์ผสมเปิด     (โปรดระบพุนัธุ์) _____________________________  

 อ่ืนๆ      (โปรดระบพุนัธุ์) _____________________________  

 ไมท่ราบวา่เป็นพนัธุ์อะไร 

  

แบบสอบถามเร่ืองการปลูกข้าวโพดพันธ์ุลูกผสมและความคิดเหน็ท่ัวไปท่ีมีต่อพันธ์ุข้าวโพด 

การสํารวจในครัง้นีเ้ป็นสว่นหนึง่ของงานวิจยัและการทําวิทยานิพนธ์ในหวัข้อ “การวิเคราะห์

ระยะเวลาของการยอมรับข้าวโพดพนัธุ์ลกูผสมในประเทศไทย” โดย นาย สทุธิพร พลูสวสัดิ ์นิสิต

ปริญญาโท ภาควิชาเศรษฐศาสตร์เกษตรและทรัพยากร คณะเศรษฐศาสตร์ มหาวิทยาลยัเกษตร 

ศาสตร์ โดยมีวตัถปุระสงค์เพ่ือศกึษาการยอมรับพนัธุ์พืชและเสนอแนะนโยบายสําหรับ การพฒันา

อตุสาหกรรมเมล็ดพนัธุ์ในประเทศไทย โดยงานวิจยันีม้ิได้หวงัผลทางการค้า หรือผลประโยชน์ตอ่

องค์กรใด ดงันัน้ทกุคําตอบของทา่นจกัเป็นประโยชน์ตอ่งานศกึษา วิจยัในครัง้นี ้และขอขอบพระคณุ

สําหรับความร่วมมือเป็นอยา่งสงูมา ณ โอกาสนี  ้

        สทุธิพร พลูสวสัดิ์  
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6. พนัธุ์ข้าวโพดท่ีทา่นปลกูในปัจจบุนั ทา่นได้รับเมล็ดพนัธุ์มาจากท่ีใด  

 เก็บหรือคดัเองจากรุ่นก่อนหน้า   

 ซือ้จากร้านค้าเมล็ดพนัธุ์ในท้องถ่ิน 

 ซือ้จากพนกังานขายจากบริษัทเอกชน 

 ซือ้จากหนว่ยงานรัฐบาล / ศนูย์วิจยั 

 ได้รับแจกฟรีจากร้านค้าเมล็ดพนัธุ์ในท้องถ่ิน 

 ได้รับแจกฟรีจากบริษัทเอกชน 

 ได้รับแจกฟรีจากรัฐบาล / ศนูย์วิจยั 

 ได้รับแจกฟรีจากเพ่ือนบ้าน 

 อ่ืนๆ (โปรดระบ)ุ ________________________________________________ 

7. ระยะทางจากฟาร์มถึงร้านค้าเมล็ดพนัธุ์ คดิเป็นระยะทางโดยประมาณ  

___________________ กม. 

8. จํานวนเมล็ดพนัธุ์ท่ีใช้ปลกูตอ่ไร่ ________________________ กก./ไร่ 

9. ต้นทนุคา่เมล็ดพนัธุ์ __________________________ บาท/ไร่ 

10. ระยะเวลาท่ีใช้ในการปลกูข้าวโพด นบัตัง้แตว่นัปลกูจนถึงวนัเก็บเก่ียว _______________ วนั 

11. พืน้ท่ีปลกูข้าวโพดในปัจจบุนั _______________ ไร่ 

12. ผลผลิตข้าวโพดท่ีได้ _______________ ตนั 

13. ผลผลิตตอ่ไร่ _______________ กก./ ไร่ 

14. ทา่นขายข้าวโพดให้กบัใคร 

 ผู้รวบรวม    โรงงานแปรรูป 

 ขายเอง     ภาครัฐและศนูย์วิจยั 

 พอ่ค้าสง่     อ่ืนๆ ______________________________ 

15. ราคาข้าวโพดท่ีขายได้ ____________________ บาท/กก. 

16. การปลกูข้าวโพดเป็นรายได้หลกัของทา่นหรือไม่ 

 ใช ่    ไมใ่ช ่
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ส่วนท่ี 2 

กรุณาตอบคาํถามในเร่ืองของ พันธ์ุข้าวโพดลูกผสม ให้ตรงกับความเป็นจริงมากท่ีสุด 

17. ทา่นรู้จกัข้าวโพดพนัธุ์ลกูผสมหรือไม่ 

  รู้จกั     ไมรู้่จกั (ข้ามไปตอบ สว่นท่ี 4) 

18. ทา่นเคยปลกูข้าวโพดพนัธุ์ลกูผสมหรือไม่ 

  เคยปลกู และปัจจบุนัยงัปลกูอยู่ 

  เคยปลกู แตปั่จจบุนัไมไ่ด้ปลกูแล้ว 

  ยงัไมเ่คยปลกู (ข้ามไปทําสว่นท่ี 3) 

  อ่ืนๆ ______________________________________ 

19. ถ้าทา่นเคยปลกูข้าวโพดพนัธุ์ลกูผสม ทา่นปลกูครัง้แรกเม่ือปี พ.ศ. _____________________ 

หรือ ___________________ ปี มาแล้ว 

20. ในขณะท่ีทา่นปลกูข้าวโพดพนัธุ์ลกูผสมครัง้แรก ทา่นมีพืน้ท่ีสําหรับทําการเกษตร ________ ไร่ 

21. ในขณะนัน้ทา่นซือ้เมล็ดพนัธุ์ข้าวโพดลกูผสมในราคา ____________________ บาท/กก. 

22. ในการท่ีทา่นตดัสินใจทําการปลกูข้าวโพดพนัธุ์ลกูผสมเป็นครัง้แรก ทา่นรู้จกัข้าวโพดพนัธุ์นีไ้ด้

อยา่งไร (ตอบได้มากกวา่ 1 ข้อ) 

  คําแนะนําจากเพ่ือนบ้าน     ( 1) 

  เอกสาร/แผน่พบั/ใบปลิว ของหนว่ยงานภาครัฐ   ( 2) 

  เอกสาร/แผน่พบั/ใบปลิว ของหนว่ยงานภาคเอกชน  ( 3) 

  วารสารหรือหนงัสือทางการเกษตร    ( 4) 

  วิทย ุ/ หนงัสือพิมพ์ / โทรทศัน์ (ระบุ_____________________) (5) 

  คําแนะนําจากร้านค้าเมล็ดพนัธุ์    (6) 

  คําแนะนําจากเจ้าหน้าท่ีของรัฐ    (7) 

  คําแนะนําจากบริษัทเอกชน      (8) 

  อ่ืนๆ ______________________________________________ (9) 

23. ในขณะท่ีทา่นตดัสินใจปลกูข้าวโพดพนัธุ์ลกูผสม ทา่นได้รับการสง่เสริมหรือการถ่ายทอดข้อมลู

ขา่วสารจากหนว่ยงานใด 

  ได้รับการสง่เสริมและการถ่ายทอดข้อมลูขา่วสารจากร้านค้า  

  ได้รับการสง่เสริมและการถ่ายทอดข้อมลูขา่วสารจากบริษัทเอกชน  

  ได้รับการสง่เสริมและการถ่ายทอดข้อมลูขา่วสารจากหนว่ยงานของรัฐ  

  ไมไ่ด้รับการสง่เสริมหรือและการถ่ายทอดข้อมลูขา่วสาร 
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  อ่ืนๆ __________________________________________ 

24. ในขณะท่ีทา่นตดัสินใจปลกูข้าวโพดพนัธุ์ลกูผสมครัง้แรก ทา่นได้รับสินเช่ือจากหนว่ยงานใด  

  ได้รับสินเช่ือ จากหนว่ยงานภาครัฐ 

  ได้รับสินเช่ือ จากบริษัทเอกชน 

  ได้รับสินเช่ือ จากร้านค้าเมล็ดพนัธุ์  

  ไมไ่ด้รับสินเช่ือ 

  อ่ืนๆ __________________________________________ 

25. ข้าวโพดพนัธุ์ลกูผสมพนัธุ์แรกท่ีทา่นปลกูมาจาก 

  ได้รับแจกจากภาครัฐ พนัธุ์ ________________________________________ 

   ได้รับแจกจากภาคเอกชน พนัธุ์ _____________________________________ 

  ได้รับแจกจากร้านค้าเมล็ดพนัธุ์ พนัธุ์ ________________________________ 

  ได้รับแจกจากเพ่ือนบ้าน พนัธุ์ ______________________________________ 

  ซือ้จากภาครัฐ พนัธุ์ ______________________________________________ 

  ซือ้จากภาคเอกชน พนัธุ์ _________________________________________ 

  ซือ้จากร้านค้าเมล็ดพนัธุ์ พนัธุ์ _____________________________________ 

  ซือ้จากเพ่ือนบ้าน พนัธุ์ __________________________________________ 

  อ่ืนๆ (โปรดระบ)ุ _______________________________________________ 

26. ในกรณีท่ีทา่นซือ้ข้าวโพดพนัธุ์ลกูผสม ในครัง้แรกทา่นซือ้มาในราคา _____________ บาท/กก. 

27. ทา่นขายผลผลิตข้าวโพดพนัธุ์ลกูผสมท่ีทา่นปลกูครัง้แรกได้ในราคา _____________ บาท/กก. 

28. หากทา่นเคยปลกู และเลิกปลกูไปแล้ว อะไรเป็นสาเหตท่ีุทําให้ทา่นเลิกปลกูข้าวโพดพนัธุ์

ลกูผสม 

_______________________________________________________________________________

_______________________________________________________________________________ 

_______________________________________________________________________________

_______________________________________________________________________________
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ส่วนท่ี 3 

กรุณาแสดงความคิดเหน็เก่ียวกับข้าวโพดพันธ์ุลูกผสม ข้าวโพดพันธ์ุผสมเปิด และ

ข้าวโพดพันธ์ุอ่ืนๆ ในประเดน็ต่อไปนี ้

ประเด็น 
ไมเ่ห็นด้วย

อยา่งยิ่ง 
ไมเ่ห็นด้วย 

ไมแ่นใ่จ/

ไมม่ีความ

คิดเห็น 

เห็นด้วย 
เห็นด้วย

อยา่งยิ่ง 

 ข้าวโพดพนัธุ์ลกูผสมให้ผลผลติตอ่ไร่

ดีกวา่ข้าวโพดพนัธุ์ผสมเปิดและพนัธุ์

อ่ืนๆ           

ข้าวโพดพนัธุ์ลกูผสมใช้เวลานบัตัง้แต่

ปลกูจนกระทัง่เก็บเก่ียวสัน้กวา่พนัธุ์

ผสมเปิดและพนัธุ์อ่ืนๆ           

ข้าวโพดพนัธุ์ลกูผสมให้ผลผลติท่ีมี

รูปทรงและนํา้หนกัดกีวา่ข้าวโพดพนัธุ์

ผสมเปิด และพนัธุ์อ่ืนๆ           

ข้าวโพดพนัธุ์ลกูผสมสามารถทนตอ่

อากาศแล้งได้ดีกวา่ข้าวโพดพนัธุ์ผสม

เปิดและพนัธุ์อ่ืนๆ           

ข้าวโพดพนัธุ์ลกูผสมสามารถต้านทาน

ยาฆา่แมลงและยากําจดัศตัรูพืชได้

ดีกวา่ข้าวโพดพนัธุ์ผสมเปิดและพนัธุ์

อ่ืนๆ           

ข้าวโพดพนัธุ์ลกูผสมสามารถปลกูและ

เก็บเก่ียวได้ง่ายกวา่ข้าว โพดพนัธุ์ผสม

เปิดและพนัธุ์อ่ืนๆ           

ข้าวโพดพนัธุ์ลกูผสมสามารถต้านทาน

โรครานํา้ค้างและราสนิมได้ดีกวา่

ข้าวโพดพนัธุ์ผสมเปิดและพนัธุ์อ่ืนๆ           

ข้าวโพดลกูผสมให้ผลผลติท่ีมีราคา

ดีกวา่ข้าวโพดพนัธุ์ผสมเปิดและพนัธุ์

อ่ืนๆ      
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ส่วนท่ี 4 

ข้อมูลท่ัวไปของผู้ตอบแบบสอบถาม 

ช่ือ-นามสกลุ __________________________________________________________________ 

ท่ีอยู ่_____________________________________ ตําบล ______________________________ 

อําเภอ ___________________________________ จงัหวดั ______________________________ 

อาย ุ_______________ ปี 

ระดบัการศกึษาของทา่น 

  ไมไ่ด้เรียนหนงัสือ    

  ประถมศกึษา 4    ประถมศกึษา 6 

  มธัยมศกึษา 3     มธัยมศกึษา 6 

  ปวช. หรือ ปวส.    มหาวิทยาลยั 

จํานวนสมาชิกในครัวเรือน ___________________ คน 

การเข้าร่วมกิจกรรมทางการเกษตรในแตล่ะปี 

 การเข้าร่วมกิจกรรมนดัพบกบัเกษตรอําเภอ/เกษตรตําบล _____ ครัง้/ปี 

 การเข้าร่วมกิจกรรมนดัพบกบัศนูย์วิจยัข้าวโพด _____ ครัง้/ปี 

 การเข้าร่วมกิจกรรมนดัพบกบัร้านค้า/ตวัแทนจําหนา่ยเมล็ดพนัธุ์ _____ ครัง้/ปี 

 การเข้าร่วมกิจกรรมนดัพบกบับริษัทเอกชนผู้ จําหนา่ยเมล็ดพนัธุ์ _____ ครัง้/ปี 

จํานวนคา่ใช้จา่ยในการซือ้ล็อตเตอรี หรือซือ้หวยในแตล่ะเดือน ________________ บาท/เดือน 

ทา่นเคยปลกูข้าวโพดมาแล้ว ______________ ปี 

รายได้โดยเฉล่ียของครัวเรือนตอ่ปี _________________________ บาท 

สดัสว่นรายได้ท่ีมาจากการปลกูข้าวโพด _____________________% 

สดัสว่นรายได้ท่ีมาจากการเกษตรประเภทอ่ืน _________________% 

สดัสว่นรายได้ท่ีมาจากนอกภาคการเกษตร ___________________% 



 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix C 

Command for Duration Analysis on STATA Program 
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Command for duration analysis on STATA program 

 

1. The data for timing and adoption of an individual would be set for duration 

analysis (survival analysis) 

[stset duration, failure(adoption)] 

 

2. Create Kaplan-Meier survival curve to identify the proportion of adopters and 

non-adopters overtime 

[sts graph, survival] 

 

3. Tests of equality across strata to explore whether or not to include the 

covariates in the final model. 

3.1. For categorical variables, the log-rank test will be used to test equality 

which is non-parametric test. 

[sts test (categorical variables), log rank] 

 

3.2. For the continuous variables, a univariate Cox proportional hazard 

regression which is a semi-parametric model will be used. 

[stcox (continuous variables)]  

The covariates with represent the p-value of 0.2-0.25 or less will be considered 

and included in the final model. 

 

4. In the final model, the command for regress in Exponential distribution is  

[streg EDU HHS EXPE RISK AGET PUBM PRIM SHOPM INDIST 

FARMT ATTI PUBEXTT PRIEXTT SHOPEXTT PUBCDTT PRICDTT 

SHOPCDTT, dist(exponential)] 

 

And the command for regress in Weibull distribution is 

[streg EDU HHS EXPE RISK AGET PUBM PRIM SHOPM INDIST 

FARMT ATTI PUBEXTT PRIEXTT SHOPEXTT PUBCDTT PRICDTT 

SHOPCDTT, dist(Weibull)] 
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The command for regress in Gompertz distribution is 

[streg EDU HHS EXPE RISK AGET PUBM PRIM SHOPM INDIST 

FARMT ATTI PUBEXTT PRIEXTT SHOPEXTT PUBCDTT PRICDTT 

SHOPCDTT, dist(Gompertz)] 

 

5. After regress each model, Akaike Information Criterion (AIC) will be applied 

to select the best model fit the study follow the command; 

[estat ic) 

The model with lower AIC will fit model better. 
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