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Abstract

The objectives of study were to define the influential factors from the
external variables i.e. (a) the level of knowledge, (b) the social ecological systems
and (c) the opinion leaders toward farmer behavioral intention to adoption the
modern plant nutrition as well as to apply the diffusion of innovation theory
toward rice farmers’ social system in the proposed farmers group in Thailand. The
conceptual framework to find the relative importance of the components,
processes, and interaction of each factor is based on the previous study related to
modern agricultural practices diffusion, social-ecological study and the diffusion of
innovation theory. The proposed respondents were selected and analyzed using a
mixed method with the quantitative statistical analysis, to decrease disturbance of
other external factors i.e. trade barrier, irrigation and environmental issues.
The analysis was shown that the positive influence on the adoption intention of
plant nutrition products and were ranked from the highly influence as follow; (1)
the level of knowledge, (2) the opinion leaders and (3) the social ecological
systems. The results were shown that farmers will follow the modern practices if
they know the ways to increase their crop rather than the other factors i.e. credit
support. The results from the statistical analysis were indicated that the model

framework, was significant to explain the relation among variables.

Keywords: plant nutrition products, diffusion of innovation, soil fertility, adoption

intention of innovation, social ecological systems

Introduction

Agribusiness is in the sixth most important industrial cluster in developing
country around the world, their annual historical exported value was more than
70% (World Bank_International Trade Department, 2009). In term of fertilizer, it’s
demand is higher each year at 200 million MT of world fertilizer consumption in
2018, rapidly increase 30% about 40 million MT compare to 2008 (FAOQ/Fertilizer
Organizations Working Group, 2015).
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Although, there are many opportunities of changes for Thai Agribusiness,
Thai agricultural products, such as rice which is in the Asia general main dish, is
facing the problems in low crop production vyield, lack of premium rice quality and
farmers’ household income is below average level compare to other careers. The
causes of problems may consist of many aspects, such as 1) Government
Intervention Policy and subsidy program (Poapongsakorn, 2017). 2) Low quality of
product and lack of understanding in better farming practice , ex GAP, IFOAM, etc
(Paopongsakorn & Aroonkong, 2013). 3) Elderly society problem, Thailand
agriculture cluster is entering to an elderly society problem (Kumpa,(2015);
Poapongsakorn, (2017); Isvilanonta, (2010)). 4) Lack of better technology and
automated mechanization to put into farmer social system, particularly the
adoption and adaptation of modern farm technology (e.q., precision agriculture)
(Poapongsakorn, 2017).

While, there are plenty of opportunities in domestic and global market
(Lloyd, 2010), main agriculture production sector, particular rice farmers, must
adapt to change the practices to be modern farming techniques about plant
nutrition, and soil fertility concept by their perception which are entity and
dissimilarity at the specific social group. The farming practice, particular soil fertility
and plant nutrition product selection, which are the key factors to increase crop
yield, as FAO mentioned (FAO, 2006), should be adapted to gain more production
capacity and its’ quality, to increase farmers’ household income. Unfortunately,
the change to adopt of these innovation perception of Thai farmers is put to slow,
to increase the rate of adoption, the effective way to communicate toward the
right process must be studied and researched within the specific social context of
Thai farmers’ social system, to clarify the factors influencing rice farmer decision to
accept the practices

Thus, objectives of the study were; 1) to determine the relative
importance from level of knowledge which affect to the adoption intention of
modern plant nutrition concept, 2) to find the relative influence from rice farmers

group opinion leaders and their roles as a role model in being as the early adopter
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in modern plant nutrition products, 3) to find the significant factors from farmers
social group which influence social perceived levels to create the adoption
intention in modern plant nutrition concept, 4) to apply the diffusion on innovation
theory and find the effective communication process for the modern plant
nutrition adoption in the specific farmers social group.

The application of Innovation Diffusion Theory (IDT) (Rogers, 1983) and the
influential constructs are applied to use in the conceptual model of research in
adoption intention of plant nutrition products. The influential factors are adapted
from the variables in the previous works (Bwambale, 2015; Chen, 2006; Feder et al,,
1985; Reimer et al.,, 2012) which are (1) Level of knowledge construct, (2) Social
and ecological systems, (3) Opinion leaders construct (Hogg, 2013; Rogers, 1983).

In summary, IDT theory and previous work related to the agricultural
diffusion of innovation and practices which were conceptualized and
operationalized to support the conceptual model. Referred to the previous works,
three main hypotheses and its sub-hypotheses have been offered for testing. They
include;

H1: Level of farming knowledge (LFK) as characterized by soil fertility
knowledge, current practices in plant nutrition has a positive relation to the
Adoption Intention of plant nutrition products (Al of PNP). There are sub-
hypotheses for Hla, Hlb, Hlc which are Soil Fertility Knowledge(SFK), Current
Practices in Plant Nutrition (CPPN) and New Way to Practices with Plant Nutrition
Products(NWPPN) as the components of level of knowledge affects the adoption
intention of the plant nutrition products.

H2: Social Ecological Systems (SES) as characterized by land tenure,
labor availability, main household income, credit access and social interaction has
a positive relation to the Adoption Intention of plant nutrition products(Al of PNP).
There are sub-hypotheses for H2a, H2b, H2c, H2d and H2e which are Land Tenure
(LT), Labor Availability (LA), Main Household Income (MHI), Credit Access (CA) and
Social Interaction (SI) in terms of SES affects the adoption intention of the plant

nutrition products
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H3: Opinion Leaders (OL) as characterized by being a role model in the
adoption intention has a positive relation to Adoption Intention of plant nutrittion
products (Al of PNP). And H3a as a Role Model (RM) in adoption in term of OL

affects the adoption intention of the plant nutrition products.

Material and Method

1. The conceptual framework model as shown in Figure 1, based upon
the preliminary discussion and the conceptual model was suggested to use the
IDT, will not concentrate on the influence of school education but will pay
attention to their prior experience in terms of soil fertility knowledge and current
practices, because most of the rice farmers in Thailand have similar formal
education. Referred to the Bank of Thailand and the data from the National
Statistic Office of Thailand, who reported that 94.5% of farmers have an
educational level of primary and secondary schools (Tansri, 2012). The previous
related research, also reported there were no significant effects from formal
education level. Therefore, the current research will not use the formal education
variable in the study model (Supaporn et al, 2013) (Sutjaritturakarn &
Tanapanyaratchawong, 2010). The model will adopt and extend to examine the
purposed group of rice farmers in the central part of Thailand by the specific
methodology and research design by constructing the survey questionnaire. The
study will not measure the actual use of plant nutrition; all three constructs are
hypothesized to find the direction of effect on behavioral intention to use the
plant nutrition products (Mtebe & Raisamo, 2014). In addition, this study will not
investigate the effect of gender, age, numbers of experience because most of the
farmers in Thailand are the same age (Tansri, 2012) and with small variations in
modern plant nutrition experiences and the study do focus on the farmer’ family

instead of the individual or an individual.
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Level of Knowledge

* Soil fertility knowledge

Hland Hia, Hib, Hic

* Current practices in plant nutrition

* New way to practices with plant nutrition

Social Ecological Systems

* Land tenure Ad

loption
* Labor availability H2and H2a, H2b, H2c, H2d, H2e Intention
of Plant
Nutrition
Products

* Main household income

* Credit access

* Social interaction

Opinion Leaders H3 and H3a

* Role model in adoption

Figure 1 Conceptual Framework Model for The Adoption Intention of Plant Nutrition

Products (Al of PNP)

2. Sample Size:

2.1 Use AgriMap from NECTEC, it indicated that Ayutthaya is the
appropriated area.

2.2 Ayutthaya has irrigation system, nearby farming resources and
trade market (Agricultural Statistics of Thailand, (2017); NECTEC, (2018)).

2.3 Nakornluang City is selected, to be the proposed population,
biggest farming land use, but farmers have lower income than average (Income,
(2015); Map, Ayutthaya Farmer, (2016)).

2.4 Select one of Nakornluang sub-city, which has rice cultivation are
similar to the average land use of Nakornluang city to be the population. There are
118 farmers’ families (Which is Pak-Chan sub city), as be shown in Figure 2.

2.5 For more precise work and survey information. There are 92

samples. Equation No. 1
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Figure 2 Sample Size Selection (left- the Central Part of Thailand, Right top-Ayutthaya

Province, right bottom- Pak-Chan, NakornLuang)

Source: (NECTEC, 2018)

The quantitative sampling formulation from Equation of (Krejcie & Morgan,

1970) to minimize the samples to achieve the relevant analyze.

Samples = X*NP(1 — P) + [d*(N — 1) + X?P(1 — P)] (1)

Where: X2 = the table value of chi-square for 1 degree of freedom at the
desire confidential interval. (3.841), N = populations size, P = the population
proportion (assumed to be 0.50 since this would provide the maximum sample
size) and d = the degree of accuracy expressed as a proportion (0.05).

2.6 Research Instruments Design and Reliability: The questionnaire was
designed and tested the reliability by Cronbach’s alpha technique, the questionnaire
is adjusted and added the appropriated questions by construct validity from
previous related work. The new questions after adjusted final Cronbach’s alpha are
in the four constructs dimension as, First Dimension 20 questions related to LK,

Second Dimension 20 questions related to SES, Third Dimension 5 questions related to
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OL and Fourth Dimension 5 questions related to Al of PNP. The questions in the
questionnaire will be forced to use the 4-point or a 4-point scale with a Likert scale
concept start from “strongly agree” to “strongly disagree”. A neutral choice was
carefully avoided because of the cultural differences from other nations of Thai
society, particular kreng-jai (Holmes et al., 2003).

2.7 Validity of Test and Instruments: The evidential basis and previous
research basis for interpreting tests involve the empirical study of construct validity,
which is defined by Messick as the theoretical context of implied relationships to
other constructs (Brown, 2000). The evidential basis for using tests involves the
empirical investigation of both construct validity and relevance/utility, which are

defined as the theoretical contexts of implied applicability and usefulness.

Results
1. Level of Knowledge Construct

Finding, as the value of soil fertility knowledge in Figure 3, suggested
that, the analysis from three components of the level of knowledge construct was
at significant. While soil fertility is important for rice farming crop yield showed the
highest score of soil fertility knowledge component (SFK1). Whereas, leaming to
improve crop yield by from government agricultural support officer for rice farming
showed the highest score of current practices component (CPPN6). The
respondents will follow new ways that increase my rice yield if they can learn

them, showed the highest score of the new way to practice (NWPPN7).

ol Fetlty Knowledse Current Practices in Plant Nutriton New Way to Practices about Plant Nutrtion
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SFK Mean=3.0565, 5.D.=0.82570, CPPN Mean=2.8573, 5.D.=0.85243, NWPPN Mean=3.3540, $.0.=0.79773,
p-value=<0001 (W-test) p-value=0.043(W-test) p-value=<0.001 (W-test)

Figure 3 Analysis of Significant Level of Level of Knowledge Construct
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2. Social Ecological Systems Construct

As revealed in Figure 4 findings, suggested that the analysis from five
components of social ecological system construct were at significant. While their
most farming land is a rental land (LT2), was the highest score for land tenure
component. Whereas the change in farming practices is a difficult task to deal with
the local farm service labor (LA3), was the highest score for labor availability
component. Referred to the respondents’ answer farm income represents the
largest contribution to family income (MHI1) showed for the main household
income component. Findings also suggested that if respondents can borrow
money, and do not have to pay until the harvest their crop, would decide to buy
farming resources easier (CA3) represented the highest score in term of credit
access components. And the respondents with social interaction component,
pointed that there is the farming practice training, they usually apply to be
participant, showed the highest significant level (SI1).

Land Tenure Labor Availability Main Household Income

MHA

g

MHI3

HHIZ

MHIL

28 29 3 31 32 33 0 05 1 15 2 25 3 35 4

-

LT Mean=2.8934, S.D.=1.13461, LA Mean=3.0434, 5.D.=1.03910, MHI Mean=30462, 5.0.=0.91555,
p-value=<0.001 (W-test) p-value=<0.001 (W-test) p-value=<0.001 (W-test)
Credit Access Social Interaction
CA3
0 05 1 15 2 25 3 0 05 1 15 2 25 3 35 4
CA Mean=2.4601, S.D.=1.07349, SI Mean=3.2174, 5.D.=0.60759,
p-value=<0.001 (W-test) p-value=<0.001 (W-test)

Figure 4 Analysis of Significant Level of Social Ecological Systems Construct
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3. Opinion Leaders Construct
As be shown in Figure 5, suggested that the role model in adoption as it is
the component of opinion leaders construct was at significant level. While they
will follow the good practices that produce higher, if they know how to do these

things, showed the highest level (RM5).

Role Model in Adoption

RM5

RM4

RM3

RM2

RM1

o
o
[
-

1.5 2 25 3 35 4

OL Mean=3.1173, S.D. =0.85495, p-value=<0.001 (W-test)

Figure 5 Analysis of Significant Level of Opinion Leaders Construct

4. Adoption Intention of Plant Nutrition Products (DV)
as the value in Figure 6, suggested that, the adoption intention of plant
nutrition products was at significant level. While they intend to use the plant
nutrition products in the future, showed the highest significant level (All): | intend

to use the plant nutrition products in the future at Mean = 3.7065.

Adoption Intention of Plant Nutrition Products

Al

Ald

Al3

Al2

All

28 3 3.2 34 3.6 38

Al of PNP Mean=3.3826, S.D. =0.67781, p-value=<0.001 (W-test)

Figure 6 Analysis of Significant Level of Adoption Intention of Plant Nutrition
Products (DV)
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3.5 Linear Regression Model:
Multicollinearity Test by VIF All variation inflation factor (VIF) of independent
variables in model 4 was lower than the threshold 5.00. Therefore, it was indicating
that multicollinearity is not a major concern (Hair et al,, 2014) as in Table 1. The

Regression Variate: Prediction
Y=bg +bqVq +boVo + b3V L ()

Table 1 Descriptive statistic, normality test and correlation analysis of independent

variables regression equation, significant at p-value < 0.05

Variables Descriptive Statistic-Normality test Correlation Matrix(VIF)
Skewness  Kurtosis ~ 95%Cl W- LK CFA1  SES CFA  OL

LK CFA1 -0.536 -0.480 +n 2070041 0.934*  1.000

oL -0.462 -0.456 +0.2070941 0.939* 1.019 1.541 1.000

Table 2 Multiple linear regression for Al of PNP, the independent variables
(predictors) LK, SES and OL

Unstandardized Standardized
95.0% ClI
Coefficients Coefficients
Model t Sig.
Lower Upper
B Std. Error Beta
Bound Bound
1 (Constant) 1.848E-16 .085 .000 1.000 -.169 169
LK CFA 321 127 321 2.535 .013* .069 572
SES CFA 226 .103 226 2.195 .031* .021 .430
OL CFA 257 120 257 2.151 .034* .020 .495

Remark *Dependent Variable: Al_CFA = Al of PNP, *sig-value at p < 0.05, t-value at df(90) =
1.987, df(80) = 1.990

Al of PNP = 1.848E-16 + 0.321*LK +0 .226*SES + 0.257*OL, at Sig. <0.05

The Al of PNP can be predicted the influential from three factors of the
level of knowledge construct, the social ecological construct and the opinion

leaders construct, referred to the measurement data from the respondents as the
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KMO, (df) and p-value showed in Figure 7. They met the significant statistic criteria,

when be considering the conceptual framework of this study.

Level of Knowledge 0.507, (3), p < 0.001

0577, (10), p < 0.001| * Soil fertility knowledge

0.699, (21), p < 0.001| * Current practices in plant nutrition

0743, (21), p < 0.001| o New way to practices with plant nutrition Bl= 0.321

Social Ecological Systems 0.508, (10), p = 0.052

0.552, (6), p <0001 | * Land tenure A )
option
0.615, (3), p < 0.001 | * Labor availability B2 = 0.226 Intention

of Plant

0507, (3), p <0.001 | ¢ Main household income

Nutrition
0620, (3), p <0001 | o Credit access Products

0729, (6), p <0001 |, Social interaction

B3 = 0.257

Opinion Leaders 0.681, (10), p < 0.001

0.681, (10), p < 0.001 | o Role model in adoption

Figure 7 The framework model with the influential coefficient from regression
method of sample, the correlation among variables showed the factor

loading, (df), p-value from CFA

Discussion

Prior to the actual survey, the pretest for reliability conducted by using
SRS method (Simple Random Sample) from 30 respondents in Nakornluang, Pak-
Chan city that similar the target population, the overall Cronbach’s alpha = 0.813, and
average Variance 0.4281. After the questionnaire was adjusted the meanings, reverse
questions, delete and add new questions, the measurement questionnaire was
completed by 92 respondents. The data analysis was performed using SPSS V.23,
then the complex correlations were examined. Referred to the analysis findings, (1)
Level of Knowledge: The results had shown that the level of knowledge was a
positive affective to Al of PNP at highest significant level. It supported the H1 with
t-value in Table 2 and Equation 3, t-value = 2.535 > 1.990, it means the level of
knowledge has a positive relation and could predict Al of PNP at significant level <

0.05 df = 80 with the correlation coefficient to predict at 0.321 as related to the
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previous work from Bwambale (2015), Chen (2006), Feder et al., (1985) . (2) Opinion
Leaders: The results had shown that the opinion leaders construct was a positive
affective to Al of PNP at high significant level in the second ranked. It supported
the H3 with the t-value in Table 2 and Equation 3, t-value = 2.151 > 1.990, it
means the opinion leaders have a positive relation and could predict Al of PNP at
significant level < 0.05 df = 80 with the correlation coefficient to predict at 0.257 as
studied by Hogg (2013) and found in IDT from Rogers (1983). (3) Social Ecological
Systems: The results had shown that the social ecological was a positive affective
to Al of PNP at high significant level in ranking number three. It supported the H2
with the t-value in Table 2 and Equation 3, t-value = 2.195 > 1.990, it means the
social ecological has a positive relation and could predict Al of PNP at significant
level < 0.05 df = 80 with the correlation coefficient to predict at 0.226 as related
to the previous work Reimer, Weinkauf & Prokopy (2012) and Feder et al., (1985).

Conclusion

Farmers are ready to change the way to practice to gain their crop and
reduce the cost of plantation if they get the chance to see the better ways. The
change will be faster if farmers get support from academic knowledge with the
right direction from the related organization because they have experience in rice
cultivation. While, the results indicated, the soil fertility knowledge is the keys that
farmers are going to practice, if they know “how to”, therefore the priority policy
should focus on the strategies of modern practices and knowledge diffusion into
the social ecological systems of farmers, which influential components, i.e. soil
fertility knowledge, new way to practices and role modeling, according to the
research model framework. The consideration of results, the social ecological
systems had lowest influence power, the respondents had low scores therefore
the authorized organizations should provide the support for the farmers group the
knowledge about the modern agriculture which has the role modeling by the

members’ opinion leaders.
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Limitations and Scope of the study, this study proposed the model
framework to the study of adoption intention of plant nutrition products, which
consider studying the social learning and perception of the new plant nutrition
products. The rice farmers group in Thailand has a large scale, greater than 50% of total
farmers, is rice farmers. Therefore, the limitations of the study are the limited number
of farmers’ population. The study selected the proposed respondents, by eliminating
the environmental factor, trade barrier, irrigation system and rice and fertilizer
commodity price factors. These above important issues, should be verified carefully.

Suggestion for future research, the statistical analysis indicated that the
model may have others’ relation from the data regression. For example, the
research findings showed that the current practices in plant nutrition have non-
significant effect on the adoption intention of plant nutrition products, therefore,
future studies should be conducted to explain the reason for this variable. The
analysis results have shown that the prediction equation may differ from this study
which significant value by separating the current practices about plant nutrition
component from the level of knowledge, and/or extracting the SES construct

components based on their EFA.
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