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ABSTRACT

The purpose of this study was to analyze the factors affecting the productivity of rice farmers. This study
employed a quantitative research design with an inferential statistical approach using SmartPLS. The research
was conducted in five rice farming areas in Kutai Kartanegara Regency, East Kalimantan Province, Indonesia,
with a sample size of 146 respondents. The results indicate that extension communication has a positive and
significant effect on farmers’ knowledge. However, the effect on farmers’ skills is positive but not significant.
Extension communication has a negative and insignificant effect on innovation adoption, and a positive but
insignificant effect on farmer productivity. The effect of farmers’ knowledge on innovation adoption was negative
and an insignificant, while its effect on farmer productivity was positive but not significant. In contrast, the effect
of farmers’ skills on innovation adoption and farmer productivity was positive and significant. This study has

several limitations. First, it focuses only on rice farmers in the five agricultural areas designated by the Kutai
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Kartanegara Regency government, so the results cannot be generalized to other areas with different conditions.

Second, this study does not consider external factors that may influence the successful adoption of agricultural

technology innovations, such as government policies, market access, and weather conditions.

Keywords: Extension Communication; Farmer Knowledge; Farmer Skills; Innovation Adoption; Productivity

1. Introduction

The agricultural sector has been recorded as the
second largest contributor to the Gross Regional Do-
mestic Product (GRDP). It also plays an important role
in the economy of Kutai Kartanegara Regency, East Ka-
limantan Province, Indonesia . Geographically, Kutai
Kartanegara Regency possesses substantial potential
for rice fields. To optimize agricultural production and
productivity, the regency government has designat-
ed several subdistricts as rice field agricultural areas,
namely Sebulu, Muara Kaman, Loa Kulu, Tenggarong,
Tenggarong Seberang, and Marang Kayu. Nevertheless,
rice production and productivity in these areas have
not yet achieved the targeted optimal levels. According
to data from the Central Statistics Agency (BPS) of East
Kalimantan for 2025, average rice paddy production
in Kutai Kartanegara Regency is 4.09 tons per hectare.
This level remains significantly below the expected
minimum standard of 5 to 6 tons of dry unhusked rice
(GKP) per hectare . Various factors contribute to sub-
optimal agricultural production, including insufficient
knowledge, inadequate skills, and low levels of farm-
er adoption of modern technology. Therefore, efforts
to optimize rice paddy production and productivity
in Kutai Kartanegara Regency should focus on accel-
erating the adoption of technological innovations and
enhancing the quality of human resources in the rice
paddy sector. Productivity can be defined as a measure
of the quality and quantity of work performed, while
also considering the costs of the resources utilized. In
other words, productivity is a concept that expresses
the ratio of total output to weighted average input ®*.
Productivity is influenced by knowledge, skills, abilities,
attitudes, and behaviors. Gomes and Sukirno stated a
similar view, emphasizing that productivity is deter-
mined by several factors, with technological advances,

knowledge, skills, and organizational improvements

being the most significant **. Modern technology plays
a significant role in enhancing farmer productivity. Con-
sequently, the adoption of technology exerts a consider-
able effect on improving agricultural performance "%,
Conversely, empirical evidence also indicates that the
adoption of agricultural technology does not have a sig-
nificant impact on farmer productivity "***,

Farmers’ skills in managing their rice farms also
influence their productivity. The more skilled the farm-
ers are, the higher their productivity will be. According
to Spencer & Spencer, skills are defined as the ability to
perform a series of specific physical or mental tasks .
Farmers’ skills are closely related to productivity and
have been shown to exert a significant effect on it "*™".
However, under certain conditions, farmers’ skills may
not significantly increase productivity. For instance,
Paulina et al. reported that farmers’ skills had no sig-
nificant effect on productivity *”. Furthermore, Rogers
states that skills are part of behavioral change within
the psychomotor domain, which occurs after changes in
the cognitive and affective domains. Skills are developed
through an effective two-way communication process *",
in which farmers not only receive information but also
understand and are able to apply it in practice. This sup-
ports the view that skills in innovation adoption are the
result of dynamic and continuous social interaction. The
communication process that seeks to change behavior
to become more agile, fast, and precise in the compre-
hensive use of agricultural technology from land prepa-
ration to harvesting and post-harvest activities aimed at
maximizing production is referred to as farmer skills %,
Farmer sKills influence innovation adoption therefore, it
can be concluded that skills have a significant effect on
farmers’ adoption of innovation **.

Farmers’ knowledge also influences the adoption
of innovations that can enhance productivity. Possess-
ing adequate knowledge is essential for farmers, as

it contributes not only to improved productivity but
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also to better welfare. When effectively applied, farm-
ers’ knowledge has a significant impact on productiv-
ity “%***5]_Conversely, when not effectively applied, its
impact becomes insignificant "*, Knowledge strongly
shapes farmers’ adoption of new technologies, since
higher levels of knowledge broaden their insights and
enable them to be more receptive and open to techno-
logical advancements and developments in agriculture
26 The findings of Noviyanti et al. emphasize that ed-
ucation, in terms of knowledge mastery, has a positive
and significant effect on innovation adoption **. Addi-
tional empirical evidence further indicates that farm-
ers’ knowledge influences their intention to implement
Good Agricultural Practices 7.

In summary, knowledge has a significant influ-
ence on the adoption of innovation **?*%, Agricultural
extension seeks to provide farming families with new
knowledge and skills that are relevant to their interests
and needs. To achieve this, extension activities require
appropriate communication strategies, as these are es-
sential for transferring technical knowledge and skills
to farmers and enabling them to adopt technological
innovations in the agricultural sector. Communication
processes generate patterns, and from these, suitable
and practical models can be identified for use in exten-
sion activities ®!. Hence, understanding appropriate
communication processes serves as a crucial foundation
for developing an efficient and participatory extension
approach. Ultimately, the right communication strategy
has a significant effect on farmer productivity ***.,

Farmer productivity is also influenced by the
communication of extension workers in facilitating the
adoption of agricultural technology innovations. Agri-
cultural extension activities require appropriate com-
munication strategies, as their primary objective is to
transfer knowledge and technical skills to farmers so
that they can adopt technological innovations in the ag-
ricultural sector. Empirical studies show that extension
workers’ communication has a significant effect on the

113436 whereas

adoption of agricultural innovations
ineffective communication results in an insignificant
impact on innovation adoption®**®, The communica-
tion strategies employed by extension workers also

shape farmers’ skills in adopting modern agricultural

technologies to enhance their productivity. Empirical
evidence further demonstrates that extension work-
er communication positively and significantly affects
farmer skills ®**”*®, Similarly, farmer knowledge is pos-
itively and significantly impacted by extension workers’
communication strategy °***?, Effective communication
strategies depend on several factors, including clari-
ty and relevance of messages, the use of familiar me-
dia, the promotion of two-way interactions, and their
continuous implementation. The ultimate objective of
these strategies is to ensure that messages are received,
understood, and positively responded to by farmers .
Accordingly, this study aims to analyze the factors that

influence the productivity of rice farmers.

1.1. Research Conceptual Framework

The research concept was developed based on
theoretical and empirical studies on productivity, inno-
vation adoption, skills, knowledge, and communication.
The theoretical foundation for this study draws pri-
marily on Rogers’ communication theory, which posits
that effective communication is closely associated with
farmers’ knowledge, skills, technological innovation
adoption, and productivity *. The theory of knowledge
and skills refers to Spencer & Spencer’s theory ", The
concept of productivity further refers to the frame-
works proposed by Mathis and Jackson ! as well as
Samuelson and Nordhaus . To formulate the research
hypotheses, several empirical studies were reviewed.
The relationship between extension communication
and farmers’ knowledge is supported by findings from
Virdayanti et al. ®”. The link between communication
and farmers’ skills is informed by empirical works con-
ducted by Suangita et al. *’!. Empirical studies examin-
ing the relationship between communication and inno-
vation adoption include those by Nugroho et al. """, The
relationship between knowledge and productivity re-
fers to the study by Khusna et al. . Research exploring
the association between farmers’ knowledge and inno-
vation adoption draws on findings by Muhyidin et al. .
Further evidence regarding the link between farmers’
knowledge and productivity is provided in the works of
Nasution et al. !, Empirical studies examining the rela-

tionship between farmers’ skills, innovation adoption,

446



Research on World Agricultural Economy | Volume 07 | Issue 02 | June 2026

and productivity include research by Yuswandi et a

1 [17]

Finally, the relationship between innovation adoption

and productivity is supported by studies conducted by

Irfansyah et al. .

Furthermore, the relationships between variables

that form the conceptual framework of this study are

presented in Figure 1. This study consists of five latent

variables, namely:

1

2)

Extension worker communication (X), with indi-
cators: farmers’ readiness to accept the material
presented by extension workers (X11), extension
workers’ active involvement in communication
(X12), farmers’ active involvement in communi-
cation (X13), and provision of extension material
according to farmers’ needs (X14).

Farmer knowledge (Y1), measured by the fol-
lowing indicators: understanding the purposes,
objectives, and stages of agricultural innovation
(Y11), ability to explain the material provided by

i1 ¥iz i3

il

3)

4)

5)

A

14

Vi

extension workers to others (Y12), understanding
the benefits of innovations presented by exten-
sion workers (Y13), and increased knowledge af-
ter attending extension sessions (Y14).

Farmer skills (Y2), with indicators: ability to
overcome technical problems that arise when im-
plementing innovations (Y21), use of irrigation
systems (Y22), harvesting according to the proper
harvest time (Y23), and improved management of
harvests (Y24).

Innovation adoption (Y3), with indicators: ability
to procure seeds independently (Y31), use of rice
planting tools (Y32), use of tools for fertilizing
(Y33), use of tools for pest and disease control
(Y34), and use of drying tools (Y35).

Farmer productivity (Y4), with indicators: in-
creased rice productivity (Y41), increased farm-
ing income (Y42), more efficient farming practic-

es (Y43), and an increased cropping index (Y44).

Vi3 Y35

il

Y22 Y23

Y24

Figure 1. Research conceptual framework.

1.2. Research Hypothesis

Based on the research conceptual framework, the

proposed hypotheses are as follows:

H1. Extension worker communication (X) has a positive

and significant effect on farmer knowledge (Y1).

H2. Extension worker communication (X) has a positive

and significant effect on farmer skills (Y2).

H3. Extension worker communication (X) has a positive

and significant effect on innovation adoption (Y3).

H4. Extension worker communication (X) has a positive

447



Research on World Agricultural Economy | Volume 07 | Issue 02 | June 2026

and significant effect on farmer productivity (Y4).

H5. Farmer knowledge (Y1) has a positive and signifi-

cant effect on innovation adoption (Y3).

H6. Farmer knowledge (Y1) has a positive and signifi-
cant effect on farmer productivity (Y4).

H7. Farmer skills (Y2) have a positive and significant ef-

fect on innovation adoption (Y3).

H8. Farmer skills (Y2) have a positive and significant ef-
fect on farmer productivity (Y4).

H9. Innovation adoption (Y3) has a positive and signifi-
cant effect on farmer productivity (Y4).

2. Materials and Methods

2.1. Research Designed

This study employed a quantitative research de-
sign **!. The research was carried out in five rice farm-
ing areas, namely the subdistricts of Tenggarong, Loa
Kulu, Tenggarong Seberang, Sebulu, Muara Kaman, and
Marang Kayu in Kutai Kartanegara Regency, East Ka-

limantan Province, Indonesia. The total population of

rice farmers in these areas was 820. The sample size
was determined using the Slovin formula **, with a
margin of error of 7.5%, resulting in a sample of 146

farmers.

2.2. Questionnaires

The research instrument in this study was a ques-
tionnaire developed by the researcher. Prior to its use,
the instrument was tested for validity and reliability.
The validity test was conducted through item analysis,
in which each questionnaire item was examined by cal-
culating the Pearson Product Moment correlation co-
efficient. The correlation coefficient for each item was
computed based on the total response scores of all re-
spondents and then compared with the critical r-value
corresponding to the appropriate degrees of freedom
and significance level. An item was considered valid if
its correlation coefficient exceeded the critical value.
In this study, items with a correlation coefficient great-
er than 0.30 were deemed valid **. The validity test,
conducted using data from 30 respondents during the
pre-survey, showed that all items in the instrument met

the validity criteria, as presented in Table 1.

Table 1. Instrument validity test results.

No. Indicator R-Value Decision
1 X1 0.62 Valid
2 X2 0.73 Valid
3 X3 0.73 Valid
4 X4 0.70 Valid
5 Y11 0.66 Valid
6 Y12 0.64 Valid
7 Y13 0.69 Valid
8 Y14 0.68 Valid
9 Y21 0.67 Valid

10 Y22 0.73 Valid

11 Y23 0.88 Valid

12 Y24 0.51 Valid

13 Y31 0.73 Valid

14 Y32 0.80 Valid

15 Y33 0.81 Valid

16 Y34 0.64 Valid

17 Y35 0.93 Valid

18 Y41 0.76 Valid

19 Y42 0.85 Valid

20 Y43 0.59 Valid

21 Y44 0.69 Valid

Source: Researchers’ analysis (2025).
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The next step was to test the reliability of the in-
strument. Reliability testing was conducted using the
split-half technique. For this purpose, the items for
each variable were divided into two groups, namely the
odd-numbered items and the even-numbered items.
The total score for each group was then obtained by
summing the item scores. Subsequently, the correlation
between the total scores of the odd and even groups
was calculated. This correlation coefficient was then
adjusted using the Spearman-Brown formula, as shown

below ™.

. 2rb
ri=
1+rb

1)

Notes:

ri =internal reliability of the entire instrument

rb = Pearson correlation between the first and
second halves

r table = 0.36

Using the SPSS software (version 26), the reli-
ability test of the instrument was conducted with 30

respondents in the pre-survey. The obtained correla-
tion coefficient was 0.80 (Table 2). After applying the
Spearman-Brown formula (Equation 1), the reliability
coefficient increased to 0.89. Therefore, the research
instrument was considered reliable, as the reliability
coefficient met the acceptable criteria.

Responses to the questionnaire items were mea-
sured using a Likert scale **!. Each item, representing
statements or questions corresponding to the indica-
tors of the respective variables, was scored on a scale
from one (1) to five (5), where 1 Strongly Disagree, 2
Disagree, 3 Neutral, 4 Agree, and 5 Strongly Agree.

The respondents selected for this study were
administrators of farmer groups and farmer group as-
sociations in the five regions. As shown in Table 3, the
majority of respondents were male (89.73%), predom-
inantly within the age range of 41-50 years, most were
high school graduates, and had more than 10 years of
experience in rice farming. The description of the vari-

ables and their measurements is presented in Table 4.

Table 2. Instrument reliability test results.

Correlations
Total Odd Total Even
Pearson Correlation 1 0.80
Total Odd Sig. (2-tailed) 0.00
N 30 30
Pearson Correlation 0.80 1
Total Even Sig. (2-tailed) 0.00
N 30 30
Source: Researchers’ analysis (2025).
Table 3. Respondent characteristics.
Variable Indicator Frequency Percentage (%)
Gender Male 131.00 89.73
Female 15.00 10.27
Total 146.00 100.00
Age (Years) <30 0.00 0.00
31-40 13.00 8.90
41-50 68.00 46.58
51-60 52.00 35.62
>61 13.00 8.90
Total 146.00 100.00
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Table 3. Cont.

Variable Indicator Frequency Percentage (%)
Education < Elementary 9.00 6.16
Elementary 28.00 19.18
Junior High 39.00 26.71
Senior High 51.00 3493
Bachelor 19.00 13.01
Total 146.00 100.00
Farming Experience <10 12.00 8.22
10-15 55.00 37.67
16-20 36.00 24.66
21-25 13.00 8.90
>25 30.00 20.55
Total 146.00 100.00

Source: Researchers’ analysis (2025).

Table 4. Description of variables.

Variable Indicator Score Total
1 2 3 4 5

X (Extension Communication) X11 f 1.00 2.00 5.00 80.00 58.00 146
% 0.68 1.37 3.42 54.79 39.73 100

X12 f 3.00 3.00 3.00 46.00 91.00 146

% 2.05 2.05 2.05 31.51 62.33 100

X13 f 2.00 2.00 5.00 66.00 71.00 146

% 1.37 1.37 3.42 45.21 48.63 100

X14 f 2.00 1.00 9.00 75.00 59.00 146

% 1.37 0.68 6.16 51.37 40.41 100

X15 f 2.00 0.00 3.00 68.00 73.00 146

% 1.37 0.00 2.05 46.58 50.00 100

Y1 (Knowledge) Y11 f 1.00 3.00 12.00 94.00 36.00 146
% 0.68 2.05 8.22 64.38 24.66 100

Y12 f 2.00 1.00 26.00 88.00 29.00 146

% 1.37 0.68 17.81 60.27 19.86 100

Y13 f 2.00 0.00 10.00 76.00 58.00 146

% 1.37 0.00 6.85 52.05 39.73 100

Y14 f 1.00 3.00 11.00 102.00 29.00 146

% 0.68 2.05 7.53 69.86 19.86 100

Y15 f 2.00 0.00 11.00 73.00 60.00 146

% 1.37 0.00 7.53 50.00 41.10 100

Y2 (Skills) Y21 f 1.00 7.00 26.00 87.00 25.00 146
% 0.68 4.79 17.81 59.59 17.12 100

Y22 f 4.00 4.00 26.00 81.00 31.00 146

% 2.74 2.74 17.81 55.48 21.23 100

Y23 f 1.00 11.00 19.00 79.00 36.00 146

% 0.68 7.53 13.01 54.11 24.66 100

Y24 f 1.00 3.00 14.00 86.00 42.00 146

% 0.68 2.05 9.59 58.90 28.77 100
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Table 4. Cont.

Score

Variable Indicator Total
1 2 3 4 5
Y3 (Innovation Adoption) Y31 f 13.00 22.00 42.00 55.00 14.00 146
% 8.90 15.07 28.77 37.67 9.59 100
Y32 f 16.00 48.00 40.00 28.00 14.00 146
% 10.96 32.88 27.40 19.18 9.59 100
Y33 f 19.00 45.00 48.00 29.00 5.00 146
% 13.01 30.82 32.88 19.86 3.42 100
Y34 f 17.00 32.00 45.00 40.00 12.00 146
% 11.64 21.92 30.82 27.40 8.22 100
Y35 f 18.00 36.00 44.00 33.00 15.00 146
% 12.33 24.66 30.14 22.60 10.27 100
Y4 (Productivity) Y41 f 1.00 11.00 22.00 75.00 37.00 146
% 0.68 7.53 15.07 51.37 25.34 100
Y42 f 0.00 6.00 23.00 75.00 42.00 146
% 0.00 411 15.75 51,37 28.77 100
Y43 f 0.00 8.00 13.00 82.00 43.00 146
% 0.00 5.48 8.90 56.16 29.45 100
Y44 f 0.00 5.00 21.00 75.00 45.00 146
% 0.00 3.42 14.38 51.37 30.82 100

Source: Researchers’ analysis (2025).

2.3. Analysis Approach

The data were analyzed using Structural Equa-
tion Modeling (SEM) with the SmartPLS version 4
software to test the proposed hypotheses. SEM is a
multivariate statistical technique that combines factor
analysis and regression (correlation) analysis to ex-
amine relationships among variables in a model, both
between indicators and constructs as well as between
constructs. The use of SmartPLS was considered ap-
propriate because it offers several advantages, partic-
ularly its ability to estimate models simultaneously
compared to conventional regression analysis *°!, To
apply SmartPLS, several requirements must be satis-
fied, including: (1) factor loading (LF) values greater
than 0.70 (LF > 0.70), (2) composite reliability (CR)
> 0.70, (3) rho_A = 0.70, (4) Cronbach’s Alpha = 0.70,
(5) average variance extracted (AVE) = 0.50, (6) ac-
ceptable cross-loading, (7) Fornell-Larcker criterion,
and (8) heterotrait-monotrait ratio (HTMT) < 0.90 7.,
Based on the statistical test results, all criteria were
fulfilled, with LF > 0.70, CR > 0.70, rho_A > 0.70, Cron-
bach’s Alpha > 0.70, Fornell-Larcker values within the
acceptable range, and HTMT < 0.90. Hence, the model

validity and reliability requirements were met, allow-

ing the analysis to proceed.

3. Results

3.1. Evaluation of Measurement Model

Construct validity and reliability tests were con-
ducted to assess the appropriateness of the measures
used to capture the overall variables and the variation
across items. The measurement model is presented in
Figure 2.

The measurement criteria employed in this study
included factor loading values, Cronbach’s Alpha, rho_
A, Average Variance Extracted (AVE), composite reli-
ability, Heterotrait-Monotrait Ratio (HTMT), Fornell-
Larcker criterion, and cross-loading. Validity of items
in measuring latent variables was assessed through
convergent validity tests, which are based on factor
loading and AVE values. An indicator is considered val-
id if the outer loading value exceeds 0.70 and the AVE
value exceeds 0.50 ", Based on the SmartPLS version
4 algorithm test, the factor loading (LF) values for all

indicators were above 0.70, indicating good conver-
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gent validity. The factor loading values ranged from
0.74 to 0.86 (Table 5). For example, indicator X1 had
a factor loading of 0.758, which confirms its validity in
measuring the construct X. The interpretation of factor
loadings can also be viewed in terms of item commu-
nality. Specifically, the communality of X1 is 0.76 % =
0.58, meaning that 57.5% of the variance in X1 is ex-
plained by construct X. Similar interpretations apply to
the other indicators. Furthermore, the AVE values of all
constructions exceeded the threshold of 0.50, ranging
from 0.61 to 0.65. This indicates that, on average, more
than 60% of the variance in the indicators is explained
by their respective constructs. For instance, the AVE
value for construct X was 0.61 (0.61 > 0.50), signifying
that the variation of items X1, X2, X3, and X4 accounted
for 61% of the construct. Thus, it can be concluded that
the convergent validity of all variables in this study is
acceptable.

The next stage of evaluation is discriminant valid-
ity, which is conducted to ensure that each construct in
the latent model is empirically distinct from the other
constructs. Discriminant validity also serves to confirm
the accuracy of the measurement instrument in differ-
entiating between constructs. In this study, discrimi-
nant validity was assessed using three approaches: the

Fornell-Larcker criterion, the Heterotrait-Monotrait

Y11 Y12

¥ 0.855{0.000)

0.754 {0.000] \

¥13
«

'

Ratio (HTMT), and cross-loading analysis. The results
of the Fornell-Larcker criterion and HTMT calculations
using SmartPLS version 4 are presented in Table 6.
First the Fornell-Larcker criterion was evaluated
by comparing the square root of the Average Variance
Extracted (AVE) with the correlations between con-
structs. The results showed that the square root of the
AVE for extension communication (X) was 0.78, which
was greater than its correlations with knowledge (Y1
= 0.59), skills (Y2 = 0.14), innovation adoption (Y3 =
-0.09), and productivity (Y4 = 0.19). Similar patterns
were observed for the other constructs, indicating that
the Fornell-Larcker criterion was satisfied. Second, the
HTMT values were examined. The results indicated that
all HTMT values for construct pairs were below the
threshold of 0.90, thereby confirming discriminant va-
lidity based on the HTMT criteria. Third, cross-loading
analysis was conducted to assess discriminant validity
at the indicator level. The results demonstrated that all
measurement items loaded more strongly on their re-
spective constructions than on other constructs. This
indicates that each indicator is uniquely associated
with its intended construct. Thus, the overall findings
confirm that the discriminant validity requirements for

this study have been fully met.

Y14

= 4
0783 (0.000) ~ 0.827 {0.000)

v O Va1 34 Y35
4
\ S ”ST\ 0. 335 (0.000) / 0,841 (0.000)
-0.091 (0.393) ™ 0.761 (0.000)
0.590 (0.000) N 0.764 {0.000)
X1 0.107 (0.261) L~
- .
0.758 (0.000) e
x2 ~ -0.091 (0.455)
0,809 {0.000) _—
pus Y41
0738 (0.000)
0.060 (0.454) _0-393 (0.000) 0.776 (0.000)
/0508 000 0.141 (0.261) _» %
X4 ~— 0219 (0.000)
0.580 (0.000) O80T (0.0000m yys
0.795 (0.000) A&
/ 0.769 (0.000) Y44
- 0.859 (0.000)
0.745 (0.000) j 0.827 (0.000)
I'e -
Y21 Y22 Y23 Y24

Figure 2. Measurement model.

Source: Researchers’ analysis (2025).
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Table 5. Measurement model.

Variable Meas. Items Indicator LF Cronbach’s Alpha Rho_A CR AVE
X X1<-X X1 0.76 0.79 0.80 0.86 0.61
(Extension Communication)
X2<-X X2 0.81
X3 <-X X3 0.74
X4 <-X X4 0.81
Y1 (Knowledge) Y11<-Y1 Y11 0.75 0.82 0.82 0.88 0.65
Y12<-Y1 Y12 0.86
Y13 <-Y1 Y13 0.78
Y14 <-Y1 Y14 0.83
Y2 (Skills) Y21<-Y2 Y21 0.76 0.81 0.81 0.88 0.64
Y22 <-Y2 Y22 0.86
Y23 <-Y2 Y23 0.83
Y24 <-Y2 Y24 0.77
Y3 (Innovation Adoption) Y31 <-Y3 Y31 077 0.86 0.87 0.90 0.63
Y32 <-Y3 Y32 0.76
Y33 <-Y3 Y33 0.84
Y34 < -Y3 Y34 0.76
Y35 < -Y3 Y35 0.84
Y4 (Productivity) Y41 < -Y4 Y41 0.78 0.81 0.81 0.88 0.64
Y42 < -Y4 Y42 0.82
Y43 < -Y4 Y43 0.80
Y44 < Y4 Y44 0.80
Source: Researchers’ analysis (2025).
Table 6. Discriminant validity.
Fornell-Larcker Criterion
X Y1 Y2 Y3 Y4
X 0.78
Y1 0.59 0.81
Y2 0.14 0.40 0.80
Y3 -0.09 0.01 0.34 0.80
Y4 0.19 0.38 0.67 0.31 0.80
HTMT
X
Y1 0.72
Y2 0.16 0.50
Y3 0.12 0.13 0.38
Y4 0.23 0.46 0.81 0.34

Source: Researchers’ analysis (2025).

Reliability testing was conducted to assess the
accuracy and consistency of the measurement instru-
ments in capturing the latent variables. Three criteria
were employed to evaluate construct reliability: Cron-
bach’s Alpha, composite reliability (CR), and rho_A. The
thresholds used were CR > 0.70, Cronbach’s Alpha >
0.70, and rho_A > 0.70. The results of data processing

using SmartPLS version 4.0 (Table 5) indicated that all
latent variables in this study met the established reli-
ability standards. Specifically, the values of Cronbach’s
Alpha, composite reliability, and rho_A for each con-
struct were above the minimum threshold, confirming
that the constructs were measured consistently and re-
liably.
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3.2. Evaluation of the Structural Model

The evaluation of the structural model includes a
multicollinearity test by looking at the inner VIF value,
with a criterion of VIF < 5. Table 7 shows a VIF value
of less than 5. This means that there is no multicol-
linearity problem. The path coefficient of the influence
of agricultural extension communication strategies (X)
on Knowledge (Y1) is the most dominant at 0.59 with a
significance of p-value < 0.05 (0.00 < 0.05) (refer Table
7). Table 7 also shows that other variables also have a
significant effect, namely the effect of skills (Y2) on the
adoption of innovations by rice farmers (Y3), and the
effect of skills (Y2) on increasing rice productivity (Y4).

To assess the effect size of the direct effect, we
used the f-squared (f?) effect size measure with criteria
for the direct effect as proposed by Hair, namely 0.02 =
low, 0.15 = moderate, and 0.35 = high *’!. Based on Ta-
ble 7, the f-squared with a low effect is the effect of X
on Y2, the effect of X on Y3, the effect of X on Y4, the ef-
fect of Y1 on Y3, and the effect of Y1 on Y4. The f square
with a moderate effect is the effect of Y2 on Y3. Further-
more, the effects with a high category are the effect of X
on Y1 and the effect of Y2 on Y4.

To read the results of the 95% confidence interval
test in SmartPLS, look at the lower bound and upper
bound values of the interval. Based on Table 7, the 95%
confidence interval for the effect of X on Y1 is between
0.38 and 0.78. This means that if the agricultural exten-
sion communication strategy (X) is improved through

various activities, its effect on knowledge (Y1) will in-
crease to 0.78.

Structural models describe the relationships be-
tween latent variables. One way to test the model in-
ternally is by assessing the R square (R?). According to
Chin, the model fit criteria using R square are as fol-
lows: an R? value of 0.67 is categorized as “good,” an R?
value of 0.30 is in the “moderate” category, and an R?
value of 0.19 is in the “weak” category '**.. Based on the
results of the data analysis presented in Table 7, the R?
value for the effect of X on Y1 is 0.35, indicating that the
model is in the moderate category. The effect of X on Y2
is 0.02, which falls into the weak category. The effect of
X on Y3 is 0.14, also in the weak category. Meanwhile,
the effect of X on Y4 is 0.48, which is categorized as
moderate.

In SmartPLS, Q-square (Q?) is a measure of the
structural model’s ability to reconstruct the observed
values in the data. In other words, PLS Predict (Q?) is a
form of model validation that describes the predictive
power of the proposed PLS model. Table 7 shows that
the Q?value is greater than zero, thus it can be said that
the model has good predictive relevance. Another way
to evaluate PLS Predict is by comparing the RMSE and
MAE values in PLS with those in LM (linear regression).
If the values are lower, it indicates that the model has
better predictive power. Furthermore, if most of the val-
ues are low, it indicates that the PLS model has medium
predictive power *’\. Table 8 shows that the PLS model
has better predictive power.

Table 7. Evaluation of the structural model.

. 95 % Path Coefficient
Hypothesis Path. Coef. P Value 5% 97 5% T-Stat VIF Vi R’ Q?

X 0.33
X->Y1 0.59 0.00 0.38 0.78 5.60 1.00 0.53
X->Y2 0.14 0.26 -0.06 0.42 1.13 1.00 0.02
X->Y3 -0.09 0.44 -0.29 0.16 0.77 1.56 0.01
X->Y4 0.06 0.12 -0.01 0.46 1.56 1.57 0.00

Y1 0.35 0.41
Y1->Y3 -0.09 0.39 -0.30 0.12 0.86 1.83 0.01
Y1->Y4 0.11 0.32 -0.09 0.29 0.99 1.84 0.01

Y2 0.02 0.40
Y2->Y3 0.39 0.00 0.26 0.56 4,92 1.21 0.15
Y2 ->Y4 0.58 0.00 0.43 0.75 7.63 1.39 0.46

Y3 0.14 0.43
Y3->Y4 0.12 0.07 -0.01 0.24 1.81 1.17 0.022

Y4 0.48 0.38

Source: Researchers’ analysis (2025).
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Table 8. Q% RMSE, and MAE values.

Q% Predict PLS-SEM_RMSE PLS-SEM_MAE LM_RMSE LM_MAE
Y11 0.23 0.67 0.49 0.69 0.51
Y12 0.26 0.62 0.46 0.62 0.45
Y13 0.14 0.60 0.42 0.62 0.43
Y14 0.14 0.67 0.52 0.68 0.52
Y21 -0.04 0.79 0.54 0.81 0.56
Y22 -0.05 0.89 0.59 0.90 0.61
Y23 -0.05 0.89 0.60 0.90 0.62
Y24 -0.02 0.73 0.51 0.74 0.51
Y31 -0.02 1.12 0.93 1.15 0.95
Y32 -0.00 1.16 0.96 1.20 0.99
Y33 -0.01 1.05 0.89 1.07 0.89
Y34 -0.01 1.15 0.92 1.17 0.95
Y35 -0.01 1.19 0.96 1.24 0.99
Y41 -0.01 0.88 0.62 0.90 0.66
Y42 -0.05 0.81 0.58 0.81 0.59
Y43 -0.03 0.79 0.54 0.81 0.56
Y44 -0.04 0.78 0.57 0.80 0.57

Source: Researchers’ analysis (2025).

3.3. Robustness Check

Robustness checks in this study were conduct-
ed by examining the linearity and endogeneity of the
model. Linearity was assessed based on the quadrat-
ic effect, if it was not significant, then the linearity ef-
fect of the model was fulfilled (robust). Conversely, if

the quadratic effect was significant, the linearity as-

sumption was not fulfilled. The results of testing the
p-value of the quadratic effect of X on Y1, Y2, Y3, and
Y4 (p > 0.05), the effect of Y1 on Y3 and Y4, the effect
of Y2 on Y3, and the effect of Y3 on Y4 show that all
are not significant (QE > 0.05) (Table 9). Based on
these results, it can be concluded that the model is
linear or that the model’s linearity effect is fulfilled
(robust).

Table 9. Robustness check (Linearity and Endogeneity).

Original Sample Standard Devia- T Statistics
g (0) p Sample Mean (M) tion (STDEV) (10/STDEV]) P Values
X->Y1 0.60 0.51 0.31 1.96 0.05
X->Y2 -0.35 -0.27 0.27 1.27 0.21
X->Y3 0.16 0.12 0.26 0.61 0.54
X->Y4 -0.16 -0.12 0.20 0.80 0.42
Y1->Y3 -0.39 -0.36 0.24 1.60 0.11
Y1->Y4 0.05 0.06 0.21 0.24 0.81
Y2 ->Y3 0.12 0.19 0.37 0.31 0.75
Y2 ->Y4 0.64 0.66 0.31 2.10 0.04
Y3 ->Y4 -0.01 0.01 0.56 0.01 0.99
GC (Y3)->Y4 0.13 0.12 0.58 0.23 0.82
GC (Y2)->Y3 0.29 0.21 0.36 0.78 0.43
GC (Y2)->Y4 -0.11 -0.13 0.28 0.39 0.70
GC(X)->Y1 -0.01 0.08 0.23 0.04 0.97
GC(X)->Y2 0.49 0.44 0.21 2.28 0.02
GC(X)->Y3 -0.22 -0.19 0.21 1.09 0.28
GC(X)->Y4 0.21 0.19 0.15 1.36 0.16
GC (YD) ->Y3 0.29 0.27 0.23 1.26 0.21
GC (Y1) ->Y4 0.09 0.08 0.19 0.47 0.64

Source: Researchers’ analysis (2025).
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3.4. Hypothesis Testing

PLS-SEM does not assume that the data are nor-
mally distributed therefore, the hypothesis testing
procedure uses a non-parametric approach, namely
bootstrapping. This procedure serves as an alternative
to exact hypothesis testing methods when the sampling
distribution of the data is unknown. Bootstrapping is
carried out by sampling and resampling p times (gener-
ally 5000), which is useful for creating standard errors
and parameter estimates. The test results are evaluated
using t-values for two-tailed tests, namely 1.65 (signif-
icance level = 10%), 1.96 (significance level = 5%), and
2.58 (significance level = 1%). SmartPLS also provides
p-values for each evaluation, which are compared with
the predetermined alpha levels (0.05 or 0.01). If the
p-value < 0.05, it indicates a significant influence be-
tween variables. The bootstrap method can be select-
ed between the Bias Corrected and Accelerated (BCA)
method and the percentile method. The BCA method is
recommended because, in certain situations, abnormal
data distributions can affect PLS estimates, resulting in
peaked and skewed distributions. By applying the BCA
method, the results of the confidence interval param-
eter estimates can be scaled and adjusted more accu-
rately.

The T-value used is 1.96 at an alpha value of 0.05.
In addition to assessing the T-statistics, significance can
also be seen from the P-value. If the P-value is < 0.05, it
is considered significant, and vice versa. Table 7 shows
the T-statistic value for testing the hypothesis that ex-
tension worker communication (X) has a positive and
significant effect on farmers’ knowledge (Y1). This is in-
dicated by the calculated T-statistic being greater than
the table T-statistic (5.60 > 1.96), the P-value being less
than 0.05 (0.00 < 0.05), and the path coefficient value
being 0.59. The hypothesis that extension worker com-
munication (X) has a positive but insignificant effect
on farmer knowledge (Y2) is rejected. This is indicat-
ed by a path coefficient value of 0.14 and a p-value of
0.26 (0.26 > 0.05), and a T-statistic value of 1.13 (1.13
< 1.96). The hypothesis of the effect of extension com-
munication (X) on innovation adoption (Y3) is negative
and insignificant, so the hypothesis is rejected. This is

indicated by a path coefficient value of -0.09, a p-value

0f 0.44 (0.44 > 0.05), and a T-statistic value of 0.77 (0.77
< 1.96). The hypothesis of the effect of extension com-
munication (X) on farmer productivity (Y4) is positive
but not significant, so the hypothesis is rejected. This
is indicated by a coefficient value of 0.06, a P-value of
0.12 (0.12 > 0.05), and a T-statistic value of 1.56 (1.56 <
1.96). The hypothesis of the effect of farmer knowledge
(Y1) on innovation adoption (Y3) is negative and insig-
nificant; the hypothesis is rejected. This is indicated by
a path coefficient value of -0.09, a p-value of 0.39, and
a T-statistic value of 0.86 (0.86 < 1.96). The hypothe-
sis of the effect of farmer knowledge (Y1) on farmer
productivity (Y4) is positive but not significant, so the
hypothesis is rejected. This is indicated by a path coef-
ficient value of 0.11, a p-value of 0.32 (0.32 > 0.05), and
a T-statistic value of 0.99 (0.99 < 1.96). The hypothesis
of the effect of farmer skills (Y2) on innovation adop-
tion (Y3) is positively and significantly influential; the
hypothesis is accepted. This is indicated by a path coef-
ficient value of 0.39, a p-value of 0.00 (0.00 < 0.05), and
a T-statistic value of 4.92 (4.92 > 1.96). The hypothesis
of the influence of farmer skills (Y2) on farmer produc-
tivity (Y4) is positive and significant, as indicated by
a path coefficient value of 0.58, a p-value of 0.00 (0.00
< 0.05), and a T-statistic of 7.63 (7.63 > 1.96). The hy-
pothesis of the effect of innovation adoption (Y3) on
farmer productivity (Y4) is positive but not significant,
as indicated by a path coefficient value of 0.16, a P-value
0f 0.07 (0.07 > 0.05), and a T-statistic value of 1.81 (1.81
< 1.96).

4., Discussion

4.1. Analysis of the Effect of Agricultural
Extension Communication Strategies
(X) on Rice Farmers' Knowledge (Y1)

The influence of extension communication (X)
has a positive and significant effect on farmers’ knowl-
edge (Y1). This statement implies that if various agri-
cultural extension strategies are provided to farmers,
it will result in a significant increase in the knowledge
of rice farmers in five agricultural areas. Based on the
respondents’ answers, agricultural extension commu-

nication strategies have been implemented well. This
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means that agricultural extension workers have carried
out various activities that can increase the knowledge
of rice farmers in rice cultivation to enhance produc-
tivity. Various communication strategies can be carried
out by field extension workers, such as direct extension
in the field, the use of print media, and the use of infor-
mation technology. Agricultural extension workers can
hold group meetings with farmers to discuss more effi-
cient rice cultivation techniques. At these meetings, ex-
tension workers not only provide information but also
encourage farmers to share their experiences and chal-
lenges. In this way, farmers feel involved and motivated
to learn more, which in turn increases their knowledge
of good agricultural practices.

The use of social media as a communication tool
can be implemented more effectively by extension
workers. In today’s digital age, many farmers are begin-
ning to access information through online platforms.
Competent agricultural extension workers utilize social
media to disseminate the latest information on cultiva-
tion techniques, fertilization, and pest control. In this
way, information can reach farmers in remote areas
who may not be able to attend face-to-face meetings.
This demonstrates that diverse and adaptive commu-
nication strategies can significantly improve farmers’
knowledge. The success of agricultural extension work-
ers’ communication strategies depends not only on the
methods used but also on their ability to understand
the characteristics and needs of farmers. Extension
workers who are able to adapt to local conditions, un-
derstand local culture, and establish good relationships
with farmers are more likely to succeed in enhancing
farmers’ knowledge. According to Rogers, communica-
tion is crucial to the decision-making process for inno-
vation since it generates new information *". Farmers
who communicate well are more likely to be knowl-
edgeable about adopting agriculture, according to Tran
et al’s study on the factors influencing agricultural
adoption in Vietnam “’. Thus, it can be concluded that
the communication strategies of agricultural extension
workers play a very important role in increasing the
knowledge of rice farmers. With the right approach, ex-
tension workers can help farmers not only to better un-

derstand cultivation techniques but also to be inspired

to continue learning and innovating. This increase in
knowledge, in turn, has the potential to enhance agri-
cultural productivity and the overall welfare of farmers.

The findings of this study emphasize the impor-
tance of innovation in communication strategies and
the need for extension workers to continue adapting to
the times in order to make a greater contribution to the
agricultural sector in the five agricultural areas of Ku-
tai Kartanegara Regency in particular and in Indonesia
in general. These findings are in line with previous re-
search indicating that the communication strategies im-
plemented by field agricultural extension workers have
a significant impact on motivating and fostering farmer
groups ®?. Other studies also report that farmers agree

with the strategies used by extension workers *.

4.2. Analysis of the Effect of Agricultural
Extension Communication Strategies
(X) on Rice Farmers' Skills (Y2)

The results of the study indicate that the effect of
extension communication (X) on farmers’ skills (Y2) is
positive but not significant. This positive relationship
means that if agricultural extension communication
strategies are improved through various activities, the
skills of rice farmers will increase, albeit insignificant-
ly. Based on the interview results presented in Table 4
(descriptive variables), there is a tendency for farmers
to possess skilled or highly skilled abilities in rice culti-
vation. Although various extension worker communica-
tion strategies were implemented to improve farmers’
skills, the improvement was not significant. One of the
factors influencing this condition is that the age of the
farmer respondents is relatively high. Research shows
that older farmers tend to be more conservative in ac-
cepting change and may have limitations in adapting to
new technologies or methods introduced by extension
workers. In contrast, younger farmers tend to be more
open to innovation and quicker to absorb the skills
conveyed by Field Agricultural Extension Workers. For
example, young farmers who participate in technolo-
gy-based training programs, such as the use of applica-
tions for monitoring land and weather conditions, can
quickly implement new techniques that may increase

rice productivity. Thus, it is important to consider the
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demographics of farmers when designing more effec-
tive communication strategies. Another factor that may
influence the insignificance of these results is the lack
of support from the government or related institutions
in terms of providing adequate resources and facilities
for training.

Considering the findings of this study, extension
workers need to adapt their communication style to
suit the background and experience of farmers. The use
of simple language and concrete examples of successful
practices can help farmers better understand and apply
the knowledge and skills they have acquired. Although
there is a positive influence between agricultural ex-
tension workers’ communication strategies and the
skills of rice farmers, this influence has not yet reached
a significant level. This indicates the need to improve
the communication approaches used, while also tak-
ing into account demographic factors and the support
required to enhance the effectiveness of training. With
more focused and collaborative efforts, it is expected
that farmers’ skills will improve significantly, which will
ultimately have a positive impact on rice productivity
and farmers’ welfare. The findings of this study are con-
sistent with previous research indicating that the strat-
egies used by extension workers can improve farmers’
skills ®7!. Other studies related to the role of agricultur-
al extension workers’ communication strategies in en-
hancing farmers’ skills were conducted by Khusna et al.

B2 and Suadnya et al. *%,

4.3. Analysis of the Effect of Agricultural
Extension Communication Strategies
(X) on the Adoption of Innovations by
Rice Farmers (Y3)

Based on the results of the study, it was found
that the influence of extension communication (X)
on innovation adoption (Y3) was negative and insig-
nificant. The hypothesis was therefore rejected. This
condition can be interpreted to mean that increasing
various extension communication strategy activities
carried out by extension workers does not necessarily
impact the adoption of rice field innovations; in fact, it
may result in a decrease in innovation adoption among

rice farmers. Several factors could contribute to this

outcome. One is farmer fatigue in adopting innovations
or the absence of modern innovations that are suitable
for farmers in this region. Fatigue can be understood
as a condition in which farmers feel they have received
too much information or too many new methods that
are no longer interesting. For example, if agricultural
extension workers continuously offer the same or simi-
lar technologies without considering the specific needs
and context of farmers, the farmers tend to ignore the
information. This is particularly true if the innovations
offered are unsuitable for local conditions or do not
provide clear benefits. Another factor contributing to
the low level of innovation adoption is the lack of ac-
cess to resources needed to implement the innovations,
such as capital, tools, or adequate technical knowledge.
Even when extension workers introduce new rice vari-
eties that are more resistant to pests, farmers may still
prefer to use older varieties with which they are more
familiar. Limited access to resources or insufficient
knowledge on proper care of new varieties can prevent
farmers from adopting innovations effectively. In this
case, the communication strategies of extension work-
ers need to be strengthened by providing more com-
prehensive support, including practical training and
assistance in procuring necessary resources. Farmers’
decisions to adopt innovations are influenced not only
by the information they receive but also by existing so-
cial norms and customs. If a farming community has
strong traditions in farming methods that have proven
effective, they may be reluctant to try new methods,
even if evidence shows these methods are more pro-
ductive. Therefore, agricultural extension workers need
to understand these social dynamics and design com-
munication strategies that are not only informative but
also sensitive to local values and traditions.

In order to improve the effectiveness of agricul-
tural extension communication strategies, a more inte-
grated and participatory approach is needed. Extension
workers must involve farmers in the innovation devel-
opment process so that farmers feel they have a stake
in the changes taking place. Extension workers can hold
forums or discussion groups where farmers share their
experiences. This allows extension workers to better
understand farmers’ needs and tailor their communica-
tion strategies to be more relevant and engaging. Based
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on the results of statistical tests, agricultural extension
workers’ communication strategies do not have a sig-
nificant effect on the adoption of innovations by rice
farmers, highlighting opportunities for evaluation and
improvement. It is important for extension workers to
understand the factors that influence farmers’ satura-
tion and reluctance to adopt innovations. By adopting
a more participatory approach that is sensitive to the
local context, it is hoped that innovation adoption will
increase and provide greater benefits for rice farmers.
Research related to the relationship between agricul-
tural extension workers’ communication strategies and
farmers’ innovation adoption indicates that the right
communication strategy in dissemination should be
carried out using various methods ©*°. The findings of
this study align with previous studies reporting that
extension communication has a significant effect on in-
novation adoption "*****!, Ineffective communication,
however, will result in an insignificant effect of commu-

nication on innovation adoption ***¢,

4.4. Analysis of the Effect of Agricultural
Extension Communication Strategies
(X) on Increasing Rice Field Productiv-
ity (Y4)

The results of the study show that the effect of
extension communication (X) on farmer productivity
(Y4) is positive but not significant. These findings differ
from those of Dwipayasa et al., who studied agricultural
extension workers’ communication strategies in dis-
seminating rice productivity improvements in Subak
Anggabaya, Denpasar City. Dwipayasa et al. found that
agricultural extension workers’ communication strate-
gies had a positive and significant effect on rice produc-
tivity improvements B33 In general, extension worker
communication has a positive and significant relation-
ship with increased productivity. However, in the case
of rice farming in Kutai Kartanegara Regency, East Ka-
limantan Province, Indonesia, the opposite is observed.
The effect of extension worker communication on pro-
ductivity improvement is positive but not significant.
This means that even if communication strategies are
improved, the resulting increase in productivity re-
mains insignificant.

Extension workers serve as a link between the

knowledge and practices needed to improve agricultur-
al yields. They are tasked with disseminating relevant
information, providing training, and supporting farm-
ers in applying new technologies. However, conditions
in the rice-growing areas of Kutai Kartanegara Regency
present a different phenomenon. In this area, the effect
of extension worker communication on productivity
improvement has proven to be insignificant, raising im-
portant questions about the factors influencing this out-
come. One aspect that needs to be analyzed is how ex-
tension workers communicate with farmers in the area.
Effective communication often involves two-way inter-
action, where extension workers not only convey infor-
mation but also listen to the needs and challenges faced
by farmers. Based on interviews with several respon-
dents, communication in Kutai Kartanegara Regency is
ineffective and suboptimal. If extension workers focus
primarily on conveying technical information without
considering local conditions and the specific needs of
farmers, the information may not be relevant. This can
lead to confusion or even rejection by farmers, which in
turn does not improve productivity. For example, if ex-
tension workers encourage the use of new rice varieties
unfamiliar to farmers, without explaining the benefits
and proper cultivation methods, farmers may prefer to
continue using familiar varieties. This illustrates that
communication can fail to enhance productivity, even
when communication strategies are improved. Exten-
sion workers who merely give instructions without
involving farmers in the decision-making process can
create dissatisfaction. Farmers’ dissatisfaction with ex-
tension worker communication can also arise from a
lack of feedback. In many situations, farmers possess
valuable experience or knowledge about effective ag-
ricultural practices. If extension workers do not create
opportunities for farmers to share these experiences,
the potential for collaboration and mutual learning is
lost. This can result in farmers feeling ignored, which
may ultimately lead to a decline in productivity.

4.5. Analysis of the Influence of Rice Farm-
ers' Knowledge (Y1) on the Adoption
of Innovations by Rice Farmers (Y3)

The results of the study show that the influence

of farmers’ knowledge (Y1) on the adoption of inno-
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vations (Y3) is negative and insignificant. Essentially,
knowledge greatly determines a person’s competence.
Farmers’ ability to adapt to technological innovations
in rice farming largely depends on their knowledge.
The more knowledge farmers possess, the greater their
potential to adopt technological innovations. However,
the findings of this study indicate that even when farm-
ers’ knowledge is increased through various activities,
their ability to adopt innovations in this agricultural
area decreases, although the decrease is not significant.
This phenomenon can be explained by several factors,
including resistance to change, incompatibility between
newly acquired knowledge and existing local practices,
and external influences such as economic and social
conditions that affect farmers’ decisions.

The success of adopting technological innovations
depends not only on knowledge but also on the social
and economic conditions of farmers in this region. In
the rice-growing areas of Kutai Kartanegara Regency,
several villages still face limitations in infrastructure
and resources. Although farmers may possess good
knowledge of modern agricultural technologies, they
are often unable to apply it effectively due to infra-
structural or financial constraints. Therefore, relevant
parties, such as the government and private organiza-
tions operating in this area, need to provide assistance
to support the adoption of rice field technological in-
novations. In summary, increased knowledge does not
always guarantee enhanced innovation capabilities,
particularly when complex external and internal factors
are involved. A holistic approach is therefore required
to support farmers in the technology adoption process,
including the provision of adequate infrastructure,
improved market access, and a deeper understanding
of how these changes can benefit farmers in the long
term. The findings of this study differ from previous re-
search, which reported that knowledge has a positive
and significant effect on innovation adoption **. Simi-
larly, other studies indicate that farmers’ knowledge in-
fluences their intention to implement the Application of
Good Agricultural Practices ¥”. Other research suggests
that farmers with broader knowledge are more likely to
adopt climate-smart agroforestry °”. Similarly, credible

farmer knowledge can facilitate technology adoption %,

4.6. Analysis of the Effect of Rice Farmers'
Knowledge (Y1) on Rice Productivity
(Y4)

The findings of this study indicate that the effect
of farmers’ knowledge (Y1) on rice productivity (Y4) is
positive but not significant. The influence of rice farm-
ers’ knowledge on productivity aligns with the majority
of respondents’ answers regarding knowledge and pro-
ductivity, which tended to be positive. If rice farmers’
knowledge is improved through various activities, it
can positively affect productivity, although the effect is
not statistically significant. Analyzing these conditions
in the context of rice-based agricultural development
in this region underscores the need for more effective
efforts to enhance farmers’ knowledge, particularly
regarding the adoption of innovations, to increase rice
productivity. Understanding farmers’ knowledge of rice
cultivation techniques, fertilization, pest control, and
water management is critical, as these factors direct-
ly impact crop yields. For example, farmers who are
trained to use organic fertilizers correctly can produce
higher-quality and more competitive rice. However, de-
spite the generally positive responses from respondents
regarding knowledge and productivity, the results sug-
gest that knowledge alone is insufficient to significant-
ly increase productivity. Other limiting factors include
farmers’ restricted access to the latest information and
innovative agricultural techniques. Traditional farm-
ing methods may no longer be adequate in addressing
modern challenges, such as climate change and increas-
ingly sophisticated pest problems. Therefore, efforts to
enhance farmers’ knowledge through training, demon-
stration plots, and field visits remain essential. Training
programs that include demonstrations of good agricul-
tural practices can help farmers better understand and
apply the knowledge they have acquired, thereby sup-
porting potential productivity improvements.

In addition, the government and relevant insti-
tutions must provide support to encourage farmers to
adopt innovations. This support can include access to
high-quality seeds, modern agricultural tools, and im-
proved irrigation facilities. With these resources, farm-
ers are more likely to apply their knowledge effectively

in daily agricultural practices. Furthermore, efforts
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to improve farmers’ knowledge should not be limited
to technical agricultural skills but also include under-
standing of market dynamics and farm management.
Farmers with greater knowledge of market analysis
and marketing strategies are better equipped to sell
their crops at favorable prices. Therefore, a compre-
hensive enhancement of knowledge can have a more
substantial impact on both productivity and farmers’
welfare. Although the results of this study indicate that
the effect of farmers’ knowledge on rice productivity is
positive but not statistically significant, it highlights the
importance of knowledge as an initial step in improving
productivity. Through training programs, government
support, and community-based initiatives, farmers are
expected to adopt innovations that can enhance crop
yields. Consequently, prioritizing efforts to improve
farmers’ knowledge is essential for the development of
rice-based agriculture in this region, aiming to achieve
higher productivity and overall welfare. These findings
contrast with previous studies that reported a signifi-
cant effect of knowledge on increasing farmers’ produc-

tion [17'25].

4.7. Analysis of the Influence of Rice Farm-
ers' Skills (Y2) on the Adoption of In-
novations by Rice Farmers (Y3)

Based on the research results, it was found that
the influence of farmers’ skills (Y2) on the adoption
of innovations (Y3) is positive and significant. These
statistical findings align with respondents’ answers
regarding farmers’ skills and their adoption of inno-
vations, which tended to be positive. Farmers’ skills in
managing rice cultivation, grounded in the principles
of the “five principles of farming”, strongly influence
the adoption of innovations. This approach integrates
various aspects of rice cultivation, including the selec-
tion of superior varieties, soil management techniques,
pest and disease control, as well as water and fertilizer
management. Farmers who are skilled in environmen-
tally friendly pest control techniques are more likely to
adopt organic pesticides or new integrated pest man-
agement methods. By possessing these skills, farmers
not only improve their yields but also contribute to en-

vironmental sustainability. Farmers’ skills encompass

not only technical knowledge but also the ability to
adapt to change. For instance, in response to increas-
ingly evident climate change, farmers who are highly
skilled in risk management and adapting to unpredict-
able weather conditions are more likely to adopt in-
novations that help them overcome these challenges.
Farmers knowledgeable about drought-resistant rice
varieties can quickly switch to these varieties when
faced with prolonged dry seasons. This demonstrates
that skills play a crucial role not only in the application
of agricultural techniques but also in strategic deci-
sion-making. The relationship between skills and inno-
vation adoption illustrates that farmers’ skills act as a
bridge connecting knowledge and practice. When farm-
ers possess strong skills, they can not only understand
the theory behind innovations but also apply them
effectively in daily practice. Survey responses showed
that skilled farmers feel more confident in adopting
new technologies. This confidence encourages them to
try new methods that may have previously been con-
sidered too risky. This evidence reinforces the perspec-
tive that skills in innovation adoption are the result of
dynamic and continuous social interaction. Therefore, it
can be concluded that farmers’ skills have a significant

effect on innovation adoption **.,

4.8. Analysis of the Effect of Rice Farmers'
Skills (Y2) on Increasing Rice Produc-
tivity (Y4)

The findings of this study indicate that the in-
fluence of farmer’ skills (Y2) on rice productivity (Y4)
is positive and significant. These findings are highly
relevant in the context of modern agriculture, where
farmers’ technical and managerial skills are crucial for
achieving optimal results. This study aligns with previ-
ous research showing that skills have a significant ef-
fect on increasing productivity ”**.. The more farmers’
skills are enhanced through various activities, the great-
er the increase in productivity. Improved farmer skills
contribute to higher productivity. Specifically, in the
rice-based agricultural development area of Kutai Kar-
tanegara Regency, farmer skills were found to have a
positive and significant effect on productivity. Although

the skills of rice farmers in this region are already con-
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sidered good, continuous efforts are needed to further
improve skills to keep pace with modern technological
innovations. An example of modern technology ap-
plications in rice farming is the use of drones for land
monitoring and pesticide spraying. When farmers are
trained to operate this technology, they can manage
their fields more efficiently and effectively. Additionally,
information technology, such as agricultural applica-
tions, can assist farmers in planning planting and har-
vesting schedules based on weather data, thereby opti-
mizing agricultural yields. Improving farmers’ skills is
not limited to technical expertise but also encompass-
es better farm management. With enhanced market
knowledge, farmers can set more competitive prices for
their products and mitigate losses due to price fluctua-
tions. Improved marketing skills also allow farmers to
reach broader markets, both locally and internationally.
The skills of rice farmers have a significant influence on
rice productivity. This study demonstrates that train-
ing and education aimed at enhancing skills can yield
substantial positive impacts. By integrating traditional
skills with modern technology, farmers can not only
increase yields but also improve the quality and com-
petitiveness of their products. Therefore, investment
in improving farmers’ skills should be a priority for the
government and related institutions to boost overall ag-

ricultural productivity.

4.9. Analysis of the Effect of Rice Farmers'
Adoption of Innovation (Y3) on Rice
Productivity (Y4)

Based on the results of this study, the adoption of
innovation (Y3) has a positive but insignificant effect
on rice productivity (Y4). In this study, the technology
adoption variables discussed to improve rice produc-
tivity include the use of hand tractors, independently
cultivated seeds, rice planting tools such as rice trans-
planters, tools for fertilizing, tools for pest and disease
control, harvesting tools such as threshers and com-
bine harvesters, drying tools, and the availability of
appropriate grain storage barns. These positive results
are also reflected in respondents’ generally positive
responses. This indicates that the implementation of

modern technological innovations in rice farming in

this region has the potential to increase productivity.
However, the increase in innovation adoption is not yet
significantly accompanied by an increase in productivi-
ty, suggesting the need for more intensive efforts to en-
courage the adoption of technology. The study results
highlight the positive potential of technology adoption,
but in reality, many farmers have not fully switched to
modern tools. Interviews with respondents revealed
that many farmers still lack access to rice transplanters,
threshers, and combine harvesters. Moreover, newer
technologies such as drones are still in the introductory
stage and have not been widely adopted. This demon-
strates that although technological innovation has great
potential to enhance productivity, low adoption remains
a critical challenge. To overcome this issue, the involve-
ment of government agencies and the private sector is
essential. Training and extension programs for farmers
on the benefits and proper use of modern technology
should be strengthened. Additionally, financial incen-
tives for purchasing modern agricultural tools could
also facilitate greater technology adoption. According to
research by Surendran-Padmaja et al.,, innovations that
meet smallholder farmers’ diverse demands lead to
higher productivity **. Thann et al. also discovered that
agricultural performance is enhanced by technological
innovation. This result is different from studies that re-
ported the impact of innovation uptake **. The findings
of this study differ from previous studies which report-
ed that farmers’ adoption of innovations significantly
increases rice productivity "'?. Conversely, there is
also empirical evidence indicating that the adoption
of agricultural technology does not significantly affect
productivity "***. Technological innovation holds great
potential to enhance agricultural productivity, especial-
ly in rice cultivation. However, realizing this potential
requires more intensive efforts to promote technology
adoption among farmers. With adequate support from
the government and private sector, combined with in-
creased awareness and understanding of the benefits of
technology among farmers, it is expected that produc-
tivity in rice farming in this region can increase signifi-
cantly. Such improvements would not only benefit indi-
vidual farmers but also contribute to food security and

the national economy. Productivity among rice farmers
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can be raised with the help of ASEAN Member States
(AMS) in promoting technology adoption **. In terms of
technology adoption, ASEAN nations have significantly
increased their usage of post-harvest rice technology *’'.
Additionally, Chang et al.'s research indicates that rice
productivity rises when sustainable agricultural prac-
tices (SAPs) are implemented; nevertheless, Southeast

Asia has a low degree of SAP adoption ©**.

5. Conclusion

The study concludes that the effect of agricultural
extension communication strategies (X) on the knowl-
edge of rice farmers (Y1) is positive and significant.
This is indicated by the calculated T-value being greater
than the T-table value (5.60 > 1.96), the P-value being
less than 0.05 (0.00 < 0.05), and the path coefficient
value being 0.59. Agricultural extension workers have
carried out various activities that increase the knowl-
edge of rice farmers regarding rice cultivation to en-
hance productivity. Various communication strategies
can be implemented by field extension workers, such as
direct extension in the field, the use of print media, and
the use of information technology.

The effect of extension communication (X) on
farmer skills (Y2) is positive but not significant. The cal-
culation results obtained a path coefficient value of 0.14,
a P-value of 0.26 (0.26 > 0.05), and a T-statistic value of
1.13 (1.13 < 1.96). This positive relationship indicates
that even though various extension communication
strategies were implemented to improve farmers’ skills,
the improvement in skills was not significant.

The effect of extension communication (X) on
innovation adoption (Y3) was negative and insignifi-
cant. The path coefficient value was -0.09, the P-value
was 0.44 (0.44 > 0.05), and the T-statistic value was
0.77 (0.77 < 1.96). This suggests that increasing exten-
sion communication activities does not have a positive
impact on innovation adoption in fact, adoption may
decline. This may be due to farmer satisfaction in re-
ceiving new innovations or the absence of modern in-
novations that are adoptable in this region.

The effect of extension communication (X) on in-

novation adoption (Y3) is negative and insignificant.

The results of the study show a path coefficient value of
-0.09, a P-value of 0.44 (0.44 > 0.05), and a T-statistic
value of 0.77 (0.77 < 1.96). The meaning contained in
these research results is that if various extension com-
munication strategy activities carried out by extension
workers are increased, it will not have an impact on the
adoption of rice field innovations in fact, the adoption
of innovations by rice farmers will experience a decline.
Various things can happen, caused by saturation on the
part of farmers in the context of innovation adoption or
the fact that there are no more modern innovations that
can be adopted by farmers in this region.

The effect of extension communication (X) on
farmer productivity (Y4) is positive but not significant.
Based on the statistical test results, the path coefficient
value is 0.06, the P-value is 0.12 (0.12 > 0.05), and the
T-statistic value is 1.56 (1.56 < 1.96). This means that
if communication strategy activities are increased, pro-
ductivity will increase insignificantly.

The effect of farmer knowledge (Y1) on innova-
tion adoption (Y3) is negative and insignificant. This is
indicated by a path coefficient value of -0.09, a P-val-
ue of 0.39, and a T-statistic value of 0.86 (0.86 < 1.96).
Farmers’ ability to adapt to technological innovations
in rice farming is largely determined by their knowl-
edge. The greater the farmers’ knowledge, the greater
their ability to adopt technological innovations. How-
ever, the results of this study show that when farmers’
knowledge is increased through various activities, their
ability to innovate in this agricultural area decreases,
although the decrease is not significant.

The influence of farmers’ knowledge (Y1) on
farmers’ productivity (Y4) is positive but not signifi-
cant. The study results show a path coefficient of 0.11,
a P-value of 0.32 (0.32 > 0.05), and a T-statistic of 0.99
(0.99 < 1.96). The effect of rice farmers’ knowledge on
productivity improvement is positive, consistent with
the majority of respondents’ answers regarding knowl-
edge and productivity, which tended to be positive.
Thus, if rice farmers’ knowledge is enhanced through
various activities, it will positively affect productivity,
although the effect is not statistically significant.

Based on the research results, the path coefficient
was 0.580, the P-value was 0.000 (0.000 < 0.05), and
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the T-statistic was 7.63 (7.63 > 1.96). These results in-
dicate that the influence of farmer skills (Y2) on farmer
productivity (Y4) is positive and significant. Enhancing
farmer skills through various activities will significantly
increase productivity. It is evident that improving farm-
ers’ skills leads to higher productivity.

The effect of innovation adoption (Y3) on farm-
er productivity (Y4) is positive but not significant. The
path coefficient is 0.12, the P-value is 0.07 (0.07 > 0.05),
and the T-statistic is 1.81 (1.81 < 1.96). These results
indicate the positive potential of technology adoption
however, in practice, many farmers have not fully tran-
sitioned to modern technologies. Interviews with re-
spondents revealed that a significant number of farm-
ers still lack access to rice transplanters, threshers, and
combine harvesters.

The novelty of this research lies in highlighting
the importance of effective communication in increas-
ing farmers’ knowledge, although its impact on skills
and productivity requires further investigation. This
study also revealed that an increase in knowledge does
not necessarily lead to higher innovation adoption, a
phenomenon rarely discussed in previous literature.

This study has several limitations. First, it focuses
exclusively on rice farmers in areas designated by the
Kutai Kartanegara Regency government, which limits
the generalizability of the results to other regions with
different conditions. Second, it does not account for ex-
ternal factors that may influence the successful adop-
tion of agricultural technology innovations, such as
government policies, market access, and weather con-
ditions.

The following are some recommendations that
can be made, particularly for practitioners and policy-
makers. It is important to modify communication tac-
tics according to the social and cultural background of
the area. To create programs that are more applicable
and well-liked by farmers, extension agents must have
a thorough understanding of the dynamics of the local
community. Extension agents should receive training
on how to successfully interact with farmers in addition
to providing information. The efficiency of extension
services will be substantially increased with the help of

training programs that emphasise effective communi-

cation and interpersonal skills. Enhancing farmer skills
should be more successful when practice-based learn-
ing approaches are used. Programs for field demonstra-
tion that leverage new technologies can boost farmers’
trust in innovation. Collaboration and support among
farmers can be increased by promoting the establish-
ment of robust farmer groups. This will make it easier
to implement innovations and disseminate knowledge.
To improve access to contemporary agricultural tech-
niques and technologies, extension agents should inter-
act with public and commercial organisations. Farmers
will be able to cultivate rice more effectively and pro-

ductively thanks to this.

Author Contributions

Conceptualization, [.B.M.A.D,, LR, and Y.P,; meth-
odology, [.B.M.A.D. and Y.P; software, .LB.M.A.D. and A.A;
validation, .LB.M.A.D,, L.R,, S., and A.A.; formal analysis,
[.LB.M.A.D,; investigation, L.R,, S., and A.A,; resources, L.R.
and E.R.; data curation, I.B.M.A.D., A.A., and E.R.; writ-
ing—original draft preparation, .B.M.A.D.; writing—
review and editing, .LB.M.A.D., .LR,, S., and A.A.; visu-
alization, I.B.M.A.D.; supervision, S. and A.A.; project
administration, S., A.A., and E.R.; funding acquisition,
LR, S, and A.A. All authors have read and agreed to the

published version of the manuscript.

Funding

This research was funded by the Kutai Kartanega-
ra Regency Government budget through the Kutai Kar-
tanegara Regency Agriculture and Livestock Service,
based on the Decree of the Dean of the Faculty of Agri-
culture, Kutai Kartanegara University, and the Head of
the Agriculture and Livestock Service of Kutai Kartaneg-
ara Regency, Number: UKT-048/PKS/D-FP/V/2025 and
Number: B.405/DISTANAK/SET/500.6.1/V/2025.

Institutional Review Board State-
ment

Not applicable.

464



Research on World Agricultural Economy | Volume 07 | Issue 02 | June 2026

Informed Consent Statement

Prior to data collection in the field, the researcher
followed up on the Cooperation Agreement between
the Faculty of Agriculture, Kutai Kartanegara Univer-
sity, and the Department of Agriculture and Animal
Husbandry of Kutai Kartanegara Regency number
UKT-048/PKS/D-FP/V /2025 and B.485/DISTANAK/
SET/500.6.1/V/2025. The data collected consisted
of primary data obtained through Focus Group Dis-
cussions (FGDs). Subsequently, the Faculty of Ag-
riculture, Kutai Kartanegara University, submitted
requests to the respective sub-districts with letters
number UKT-359/01-A-3/VI1/2025, UKT-360/01-A-3/
VIl/2025, UKT-371/01-A-3/VII1/2025, UKT-
372/01-A-3/VIII/2025, UKT-373/01-A-3/VIII/2025,
UKT-380/01-A-3/VIII/2025, and UKT-381/01-A-3/
VIII/2025. The respondents subsequently gave their
consent to participate in the data collection and re-
search activities. A full ethical approval request was
submitted to the Research Ethics Review Board at the
Institute for Research and Community Service, Kutai
Kartanegara University, and ethical approval was sub-
sequently granted on July 12, 2025, under approval
number 90.1/KET.P/UKT-LPPM/VII/2025.

Data Availability Statement

In this study, the data collected were primary
data obtained through Focus Group Discussions (FGDs)
with farmer group administrators, Farmer Group As-
sociations, and Field Agricultural Extension Workers
in five rice farming areas in Kutai Kartanegara Regen-
cy, East Kalimantan Province, Indonesia. The collected
data were then tabulated and analyzed using semPLS
version 4.0. Although we encourage and promote trans-
parency for further research, due to confidentiality
agreements with participants, we are unable to share
the data with third parties. Therefore, no public dataset

is available from this study.

Acknowledgments

We would like to express our sincere gratitude

to the administrators of farmer groups, joint farmer

groups, and field agricultural extension workers in the
five rice-growing areas of Kutai Kartanegara Regency.
We are also grateful to the Head of the Agriculture and
Livestock Service of Kutai Kartanegara Regency and
their staff for providing funding for this research. Addi-
tionally, we would like to extend our appreciation to the
Dean of the Faculty of Agriculture and the Rector of Ku-
tai Kartanegara University for assigning us to conduct
this study.

Conflicts of Interest

The authors declare that there are no conflict of

interest.

References

[1] BPS-Statistics Kutai Kartanegara Regency, 2025.
Kutai Kartanegara in Figures 2025. Available
from: https://kukarkab.bps.go.id/en/publica-
tion/2025/02/28/2a8ceff0dde51a480f3abff3/
kutai-kartanegara-regency-in-figures-2025.html
(cited 15 September 2025).

Central Statistics Agency of East Kalimantan,
2025. Harvested Area, Productivity, and Rice Pro-
duction by Regency/City in East Kalimantan Prov-
ince 2024. Central Statistics Agency of East Kali-
mantan: Samarinda, Indonesia. (in Indonesian)
Mathis, R.L., Jackson, J.H., 2011. Human Resource
Management, 13th ed. Cengage Group: Boston,
MA, USA.

Samuelson, PA., Nordhaus, W.D., 2003. Microeco-
nomics. PT Media Global Edukasi: Jakarta, Indo-
nesia. (in Indonesian)

Gomes, F.C., 2003. Human Resource Management.
Penerbit Andi: Yogyakarta, Indonesia. (in Indone-
sian)

Sukirno, S., 1999. Introduction to Microeconomic
Theory, 3rd ed. PT RajaGrafindo Persada: Jakarta,
Indonesia. (in Indonesian)

Irfansyah, M., Wildayana, E., Yamin, M., 2024. The
Impact of Rice Cultivation Technology Adoption
on Rice Productivity in South Sumatra. Jurnal
Social Economic of Agriculture. 13(2), 141-150.
DOI: https://doi.org/10.26418/jsea.v13i2.89225
(in Indonesian)

Khaliq, M., Daud, A., Hidayat, M., 2023. The Influ-
ence of Farmer Motivation, Agricultural Technol-
ogy Adoption, and Extension Intensity on Farmer

[2]

465


https://kukarkab.bps.go.id/en/publication/2025/02/28/2a8ceff0dde51a480f3abff3/kutai-kartanegara-regency-in-figures-2025.html
https://kukarkab.bps.go.id/en/publication/2025/02/28/2a8ceff0dde51a480f3abff3/kutai-kartanegara-regency-in-figures-2025.html
https://kukarkab.bps.go.id/en/publication/2025/02/28/2a8ceff0dde51a480f3abff3/kutai-kartanegara-regency-in-figures-2025.html
https://doi.org/10.26418/jsea.v13i2.89225

Research on World Agricultural Economy | Volume 07 | Issue 02 | June 2026

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Productivity in East Banggae District, Majene
Regency. Jurnal Magister Manajemen Nobel In-
donesia. 4(3), 491-502. Available from: https://
e-jurnal.nobel.ac.id/index.php/JMMNI/article/
view/3758 (in Indonesian)

Deras, S., Luju, M.T,, 2023. Extensioners’ Perfor-
mance and Relationship with Technology Adop-
tion and Productivity Rice Farming. Jurnal Agriu-
ma. 5(1), 41-51. DOI: https://doi.org/10.31289/
agri.v5i1.8932 (in Indonesian)

Irwanto, 1., 2021. Adoption Study of Rice Culti-
vation Technology Innovation in Batanghari Re-
gency. Jurnal AgroSainTa. Widyaiswara Mandiri
Membangun Bangsa. 5(1), 31-40. Available from:
https://epublikasi.pertanian.go.id /berkala/ags/
article/view/67 (in Indonesian)

Nugroho, O.E.D., Budianto, B., Gunawan, G.,
2020. Adoption of Partnership-Based Organic
Innovation in Banyuputih Kidul Village District
Jatiroto Lumajang Regency. Jurnal Ekonomi Per-
tanian dan Agribisnis (JEPA). 4(3), 604-613.
Available from: https://doi.org/10.21776/ub.je-
pa.2020.004.03.14 (in Indonesian)

Intiaz, L.F, Prasetyo, A.S., Prayoga, K., 2022. Adop-
tion Rate of Combine Harvester Technology Inno-
vation in the Balong 01 Farmers Group, Tanjung-
baru Village. Forum Agribisnis. 12(2), 113-125.
DOI: https://doi.org/10.29244 /fagb.12.2.113-
125 (in Indonesian)

Srimenganti, N., Hardianto, T., 2023. The Influence
of Technological Innovation Characteristics on
the Level of Implementation, Productivity, and In-
come of Rice Farming in Cililin Village. AGRITEKH
(Jurnal Agribisnis dan Teknologi Pangan). 3(2),
74-83. DOI: https://doi.org/10.32627 /agritekh.
v3i2.637 (in Indonesian)

Amankwah, A., 2023. Climate Variability, Agricul-
tural Technologies Adoption, and Productivity in
Rural Nigeria, A Plot-Level Analysis. Agriculture
and Food Security. 12(7), 1-16. DOI: https://doi.
org/10.1186/s40066-023-00411-x

Ruky, A.S., 2006. Quality HR Turns Vision into Re-
ality. PT Gramedia Pustaka Utama: Jakarta, Indo-
nesia.

Darmawan, A., Gayatri, S., Satmoko, S., 2021. The
Effect of Farmer’s Behaviour in The Application
of Sapta Usahatani to Rice Productivity in Vanda
Subur Farmer Group, Semarang City. Jurnal Lit-
bang Provinsi Jawa Tengah. 19(1), 37-48. Avail-
able from: https://ejournal.jatengprov.go.id/
index.php/jurnaljateng/article/view /849 (in

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

466

Indonesian)

Yuswandi, Y., Sjarlis, S., Djalante, A., 2023. The
Influence of Knowledge, Skills and Behavior on
Increasing Agricultural Production in Pamboang
District. S]M, Sparkling Journal of Management.
1(3), 255-267. Available from: https://e-jurnal.
nobel.ac.id/index.php/sjm/article /view /3678 (in
Indonesian)

Fajar, A., Ht, A.M.A,, Said, S.A., 2025. Contribu-
tion of Technology, Capital, and Skills of Farmers
to Shallot Productivity. Jurnal Sosial Ekonomi
Pertanian. 21(1), 49-62. DOI: https://doi.
org/10.20956/jsep.v21i1.44979

Ade Putra, .M.D,, Suarmanayasa, I.N., 2022. The
Effect of Training and Work Motivation on Work
Productivity Work in the Ornamental Plant Farm-
ers Group in Petiga Village. Jurnal Manajemen
Perhotelan dan Pariwisata. 5(1), 57-64. DOI:
https://doi.org/10.23887 /jmpp.v5i1.35568 (in
Indonesian)

Paulina, S.S., Purnomo, S.S., Wijaya, [.P.E., 2023.
Effect of Farmer Behavior on Farming Produc-
tivity of Porang in Tegalwaru District, Karawang.
AGRITEPA, Jurnal Ilmu dan Teknologi Perta-
nian. 10(1), 79-86. Available from: https://
jurnal.unived.ac.id/index.php/agritepa/article/
view/3410/3284

Rogers, E.M., 1983. Diffusion of Innovations, 3rd
ed. The Free Press: New York, NY, USA.

Ellyta, E., Mulyati, M., Kurniawan, H.M,, et al.,
2019. Aspects of Knowledge, Attitude and Skills in
Farmers’ Responses to UPJA in Toho District. Jur-
nal Social Economic of Agriculture. 8(2), 13-22.
DOI: https://doi.org/10.26418/j.sea.v8i2.33343
(in Indonesian)

Bahua, M.I,, 2022. The Impact of the Relationship
between the Competence of Animal Husbandry
Extension Workers and the Technical Skills of
Broiler Chicken. Agrimor. 7(4), 141-153. DOI:
https://doi.org/10.32938/ag.v7i4.1911 (in Indo-
nesian)

Fadhilah, M.L., Eddy, B.T., Gayatri, S., 2018. The
Effect of the Level of Knowledge, Attitude, and
Skills in Implementing Agribusiness Systems on
Production Among Rice Farmers in Cimanggu Dis-
trict, Cilacap Regency. Agrisocionomics, Jurnal So-
sial Ekonomi Pertanian. 2(1), 39-49. DOI: https://
doi.org/10.14710/agrisocionomics.v2il1.1327
Nasution, N., Alfikr, Darnetti, et al., 2025. Pine-
apple Farmers’ Perception of The Influence of
Knowledge, Experience and Motivation on Pro-


https://e-jurnal.nobel.ac.id/index.php/JMMNI/article/view/3758
https://e-jurnal.nobel.ac.id/index.php/JMMNI/article/view/3758
https://e-jurnal.nobel.ac.id/index.php/JMMNI/article/view/3758
https://doi.org/10.31289/agri.v5i1.8932
https://doi.org/10.31289/agri.v5i1.8932
https://epublikasi.pertanian.go.id/berkala/ags/article/view/67
https://epublikasi.pertanian.go.id/berkala/ags/article/view/67
https://doi.org/10.21776/ub.jepa.2020.004.03.14
https://doi.org/10.21776/ub.jepa.2020.004.03.14
https://doi.org/10.29244/fagb.12.2.113-125
https://doi.org/10.29244/fagb.12.2.113-125
https://doi.org/10.32627/agritekh.v3i2.637
https://doi.org/10.32627/agritekh.v3i2.637
https://doi.org/10.1186/s40066-023-00411-x
https://doi.org/10.1186/s40066-023-00411-x
https://ejournal.jatengprov.go.id/index.php/jurnaljateng/article/view/849
https://ejournal.jatengprov.go.id/index.php/jurnaljateng/article/view/849
https://e-jurnal.nobel.ac.id/index.php/sjm/article/view/3678
https://e-jurnal.nobel.ac.id/index.php/sjm/article/view/3678
https://doi.org/10.20956/jsep.v21i1.44979
https://doi.org/10.20956/jsep.v21i1.44979
https://doi.org/10.23887/jmpp.v5i1.35568
https://jurnal.unived.ac.id/index.php/agritepa/article/view/3410/3284
https://jurnal.unived.ac.id/index.php/agritepa/article/view/3410/3284
https://jurnal.unived.ac.id/index.php/agritepa/article/view/3410/3284
https://doi.org/10.26418/j.sea.v8i2.33343
https://doi.org/10.32938/ag.v7i4.1911
https://doi.org/10.14710/agrisocionomics.v2i1.1327
https://doi.org/10.14710/agrisocionomics.v2i1.1327

Research on World Agricultural Economy | Volume 07 | Issue 02 | June 2026

[26]

[27]

[28]

[29]

[30]

[31]

[32]

ductivity. Jurnal Ekonomi Manajemen dan Bisnis.
3(1), 33-59. Available from: https://www.jour-
nals.gesociety.org/index.php/ekonomipedia/arti-
cle/view/263 (in Indonesian)

Noviyanti, S., Kusmiyati, Sulistyowati, D., 2020.
Adoption of Innovation in the Use of New Supe-
rior Varieties of Lowland Rice (Oryza sativa L.) in
Cilaku District, Cianjur Regency, West Java Prov-
ince. Jurnal Inovasi Penelitian. 7(2), 771-781.
Available from: https://www.neliti.com/publica-
tions/325478/adopsi-inovasi-penggunaan-varie-
tas-unggul-baru-padi-sawah-oryza-sativa-1-di-ke-
ca (in Indonesian)

Putri, A, Syahni, R., Hasnah, et al., 2025. Exploring
the Factors Driving Coffee Farmers’ Innovative Be-
havior in GAP Implementation: A TPB Approach.
Research on World Agricultural Economy. 6(2),
16-30. DOI: https://doi.org/10.36956/rwae.
v6i2.1567

Latif, Y., Bempah, ., Saleh, Y., 2023. Farmers’
Knowledge, Attitudes, and Skills Regarding Corn
Farming in Tibawa District, Gorontalo Regen-
cy. Jurnal Ilmiah Agribisnis. 8(1), 69-77. DOI:
https://doi.org/10.37046/agr.v0i0.18386 (in In-
donesian)

Muhyidin, M., Arman, C., Zaenuri, L.A., 2019. Anal-
ysis of the Level of Knowledge, Attitudes, and Mo-
tivation of Cattle Farmers in the Adoption of Arti-
ficial Insemination Technology in West Sumbawa.
Jurnal Ilmu dan Teknologi Peternakan Tropis.
6(3), 304-312. DOI: http://dx.doi.org/10.33772/
jitro.v6i3.6529 (in Indonesian)

Ismilaili, I., Purnaningsih, N., Asngari, P.S., 2015.
Level of Adoption of Integrated Crop Manage-
ment (ICM) Innovation for Rice Paddy Fields in
Leuwiliang Subdistrict, Bogor Regency. Jurnal
Penyuluhan. 11(1), 49-59. DOI: https://doi.
org/10.25015/penyuluhan.v11i1.9931 (in Indo-
nesian)

Mantali, N., Halid, A., Imran, S., 2022. Strategy For
Developing Extension Communication to Moti-
vate Rice Farmers in Tilongkabila District, Bone
Bolango Regency. Jurnal Ilmiah Agribisnis. 6(3),
222-232. DOI: https://doi.org/10.37046/agr.
v6i3.16142 (in Indonesian)

Khusna, N.A., Erawan, E., Arsyad, A.W., 2018. Com-
munication Strategies of Agricultural Extension
Officers in Increasing Rice Commodity Yields in
the Purwa Jaya Farmer Group in Sebakung Jaya
Village, Babulu District, North Penajam Paser Re-
gency. Ejournal Ilmu Komunikasi. 6(4), 299-313.

[33]

[34]

[35]

[36]

[37]

(38]

[39]

[40]

467

(in Indonesian)

Dwipayasa, .M., Suardi, [.D.P.O., Putra, I.G.S.A,,
2025. Communication Strategies of Field Agricul-
tural Extension Workers in Disseminating Rice
Productivity Improvement in Subak Anggabaya,
Denpasar City. Journal of Multidisciplinary Re-
search and Development. 7(4), 2565-2574. DOI:
https://doi.org/10.38035/rrj.v7i4.1525 (in Indo-
nesian)

Dewanti, R.A., Padmaningrum, D., Permatasari,
P, 2024. Factors Influencing the Adoption of Bo-
tanical Pesticides by Farmers in Nguter District,
Sukoharjo Regency. Jurnal Triton. 15(1), 263-279.
DOI: https://doi.org/10.47687/jt.v15i1.705 (in
Indonesian)

Harta, L., Utama, S.P,, Yuliarso, M.Z., 2021. Fac-
tors that Influence Adoption of Beef Cattle Crop
Livestock System Innovation in South Bengkulu
Regency. Jurnal Penyuluhan. 17(2), 145-55. Avail-
able from: https://journal.ipb.ac.id/index.php/
jupe/article/view/34152 (in Indonesian)
Sunandar, B., Prawiranegara, D., Suryani, A., 2021.
Influencing Factors on Farmer Behavior in Adopt-
ing a Jajar Legowo 2, 1 Innovation of Rice Planting
in the Purwakarta District. Creative Research
Journal. 7(1), 17-30.

Suangita, I.H., Bempabh, [, Saleh, Y., 2024. Agricul-
tural Extension Strategy for Farmer Skills in Rice
Farmer Groups Through the Legowo Planting Sys-
tem in North Kota District, Gorontalo City. Jurnal
[Imiah Agribisnis. 8(2), 165-76. DOI: https://doi.
org/10.37046/agr.v0i0.21804 (in Indonesian)
Suadnya, I.W,, Hadi, A.P., Paramita, E.P,, 2021.
Communication Strategies and Performance
of Agricultural Extension Workers During the
COVID-19 Pandemic in Central Lombok Regency.
3(1), 27-35. Available from: https://jurnal.lppm.
unram.ac.id/index.php/prosidingsaintek/article/
view/221 (in Indonesian)

Virdayanti, A., Sumange, L., Sulfiana, 2024. Com-
munication Strategies of Field Agricultural Exten-
sion Workers in Motivating And Fostering Farmer
Groups (Case Study in Cenrana, Salokaraja Village,
Lalabata District, Soppeng Regency). Agribusiness
and Socioeconomic Journal ASE Journal. 3(2),
1-6. Available from: https://www.asejournal.
fapertauim.ac.id/index.php/ASEJournal/article/
view/83/70 (in Indonesian)

Yuspin, P, Irwan, B., Yuriko, B., 2023. Communica-
tion Strategies of Agricultural Extension Officers
in Implementing Post-Harvest Corn Technology.


https://www.journals.gesociety.org/index.php/ekonomipedia/article/view/263
https://www.journals.gesociety.org/index.php/ekonomipedia/article/view/263
https://www.journals.gesociety.org/index.php/ekonomipedia/article/view/263
https://www.neliti.com/publications/325478/adopsi-inovasi-penggunaan-varietas-unggul-baru-padi-sawah-oryza-sativa-l-di-keca
https://www.neliti.com/publications/325478/adopsi-inovasi-penggunaan-varietas-unggul-baru-padi-sawah-oryza-sativa-l-di-keca
https://www.neliti.com/publications/325478/adopsi-inovasi-penggunaan-varietas-unggul-baru-padi-sawah-oryza-sativa-l-di-keca
https://www.neliti.com/publications/325478/adopsi-inovasi-penggunaan-varietas-unggul-baru-padi-sawah-oryza-sativa-l-di-keca
https://doi.org/10.36956/rwae.v6i2.1567
https://doi.org/10.36956/rwae.v6i2.1567
https://doi.org/10.37046/agr.v0i0.18386
http://dx.doi.org/10.33772/jitro.v6i3.6529
http://dx.doi.org/10.33772/jitro.v6i3.6529
https://doi.org/10.25015/penyuluhan.v11i1.9931
https://doi.org/10.25015/penyuluhan.v11i1.9931
https://doi.org/10.37046/agr.v6i3.16142
https://doi.org/10.37046/agr.v6i3.16142
https://doi.org/10.38035/rrj.v7i4.1525
https://doi.org/10.47687/jt.v15i1.705
https://journal.ipb.ac.id/index.php/jupe/article/view/34152
https://journal.ipb.ac.id/index.php/jupe/article/view/34152
https://doi.org/10.37046/agr.v0i0.21804
https://doi.org/10.37046/agr.v0i0.21804
https://jurnal.lppm.unram.ac.id/index.php/prosidingsaintek/article/view/221
https://jurnal.lppm.unram.ac.id/index.php/prosidingsaintek/article/view/221
https://jurnal.lppm.unram.ac.id/index.php/prosidingsaintek/article/view/221
https://www.asejournal.fapertauim.ac.id/index.php/ASEJournal/article/view/83/70
https://www.asejournal.fapertauim.ac.id/index.php/ASEJournal/article/view/83/70
https://www.asejournal.fapertauim.ac.id/index.php/ASEJournal/article/view/83/70

Research on World Agricultural Economy | Volume 07 | Issue 02 | June 2026

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

ARview Jurnal Ilmiah. 2, 67-77.

Muntasiroh, 1., Gayatri, S., Prayoga, K., 2023. The
Effect of Agriculture Instruction on Knowledge of
Coffee Farmers about SOPs for Organic Coffee Cul-
tivation. Jurnal Litbang. 19(2), 127-42.

Umi, A.R.L,, Sudrajat, R.H., 2024. The Role of Agri-
cultural Extension Workers in Introducing APPS
Digital Farmer Technology to Agricultural Activ-
ity Actors. Jurnal Riset Mahasiswa Dakwah dan
Komunikasi. 6(2), 194-206. DOI: http://dx.doi.
org/10.24014/jrmdk.v6i2.29874 (in Indonesian)

Kerlinger, F.N., 2003. Foundations of Behavioral
Research. Gadjah Mada University Press: Yogya-
karta, Indonesia.

Sedarmayanti, Hidayat, S., 2002. Research Meth-
odology, 2nd ed. Mandar Maju: Yogyakarta, Indo-
nesia. (in Indonesian)

Sugiyono, 2013. Quantitative, Qualitative, and
R&D Research Methods. Alfabeta: Yogyakarta, In-
donesia.

Sholihin, M., Ratmono, D., 2013. SEM-PLS Analysis
with WarpPLS 3.0, 2nd ed. Penerbit Andi: Yogya-
karta, Indonesia. (in Indonesian)

Hair, J.F, Hult, G.T.M., Ringle, C.M,, et al., 2022. A
Primer on Partial Least Squares Structural Equa-
tion Modeling (PLS-SEM), 2nd ed. Sage Publica-
tions: Thousand Oaks, California, USA.

Yuliarmi, N.N., Dunggio, M., Yasa, [.N.M., 2020.
Improving Public Welfare Through Strengthening
Social Capital and Cooperative Empowerment. Co-
gent Business and Management. 7(1), 1841075.
DOI: https://doi.org/10.1080/23311975.2020.18
41075

Tran, D.T., Duong, M.T.D., Hoang, H.G., 2025. Per-
ception and Factors Affecting Farmers’ Adoption
of Smart Agriculture in Vietnam, Implications
for Extension Strategies. World Development
Perspectives. 38, 100691. DOI: https://doi.
org/10.1016/j.wdp.2025.100691

Nurhayati, N., Saleh, A., Hubeis, A.V.S.,, et al.,
2018. Communication Strategy Dissemination
Technological Innovation Culture in Rice-Based
User Mapping Sidrap South Sulawesi. Jurnal
Penyuluhan. 14(2), 324-334. DOI: https://doi.
org/10.25015/penyuluhan.v14i2.16779 (in Indo-
nesian)

Paramarta, P.M.A.A., 2024. Analysis of the Influ-
ence of Communication Channels and Extension

[52]

[53]

[54]

[55]

[56]

[57]

[58]

468

Worker Conditions on the Adoption of Combine
Harvester Innovation in Tabanan Regency. Jurnal
Cendekia Ilmiah. 3(6), 7627-31.

Ntawuruhunga, D., Ngowi, E.E., Mangi, H.O,, et al,,
2025. Farmers’ Knowledge, Attitude, and Motiva-
tion for Adoption of Climate-Smart Agroforestry
in Two Contrasting Agroecosystems of Rwan-
da. Trees, Forests and People. 19, 100766. DOI:
https://doi.org/10.1016/j.tfp.2024.100766
Panpakdee, C., Hoaihongthong, S., 2025. Farming
for Socio-Ecological Resilience, Understanding
Factors Influencing the Adoption of Integrated
Farming Systems Among Organic Farmers in
Northeast Thailand. Social Sciences and Hu-
manities Open. 12, 101871. DOI: https://doi.
org/10.1016/j.ssaho.2025.101871
Surendran-Padmaja, S., Parlasca, M.C., Qaim, M.et
al., 2025. Private Service Provision Contributes
to Widespread Innovation Adoption Among
Smallholder Farmers, Laser Land Levelling
Technology in Northwestern India. Agricultural
Water Management. 312, 1-11. DOI: https://doi.
org/10.1016/j.agwat.2025.109411

Thann, O.H., Yuhuan, Z., Uddin, M., et al., 2025.
Technological Innovation and Agricultural Perfor-
mance in the ASEAN Region, the Role of Digitali-
zation. Food Policy. 135, 102939. DOI: https://doi.
org/10.1016/j.foodpol.2025.102939

Liese, B., Isvilanonda, S., Tri, K.N., et al., 2014. Eco-
nomics of Southeast Asian Rice Production. Agri
Benchmark: Braunschweig, Germany. Available
from: https://www.researchgate.net/publica-
tion/274065751_Agri_Benchmark_report_20141_
on_Economics_of Southeast_Asian_Rice_Produc-
tion

Ahmed, F, Mia, M.S,, Thongrak, S., et al.,, 2020.
Production, Postharvest Technology and Trade
of Rice: A Study on Current Scenario in ASEAN.
International Journal of Management. 11(9),
1373-1384. Available from: https://papers.ssrn.
com/sol3/papers.cfm?abstract_id=3712808
Chang, S.H.E., Benjamin, E.O., Sauer, J., 2024. Fac-
tors Influencing the Adoption of Sustainable Agri-
cultural Practices for Rice Cultivation in Southeast
Asia: A Review. Agronomy for Sustainable Devel-
opment. 44(27). DOI: https://doi.org/10.1007/
s13593-024-00960-w


http://dx.doi.org/10.24014/jrmdk.v6i2.29874
http://dx.doi.org/10.24014/jrmdk.v6i2.29874
https://doi.org/10.1080/23311975.2020.1841075
https://doi.org/10.1080/23311975.2020.1841075
https://doi.org/10.1016/j.wdp.2025.100691
https://doi.org/10.1016/j.wdp.2025.100691
https://doi.org/10.25015/penyuluhan.v14i2.16779
https://doi.org/10.25015/penyuluhan.v14i2.16779
https://doi.org/10.1016/j.tfp.2024.100766
https://doi.org/10.1016/j.ssaho.2025.101871
https://doi.org/10.1016/j.ssaho.2025.101871
http://M.et
https://doi.org/10.1016/j.agwat.2025.109411
https://doi.org/10.1016/j.agwat.2025.109411
https://doi.org/10.1016/j.foodpol.2025.102939
https://doi.org/10.1016/j.foodpol.2025.102939
https://www.researchgate.net/publication/274065751_Agri_Benchmark_report_20141_on_Economics_of_Southeast_Asian_Rice_Production
https://www.researchgate.net/publication/274065751_Agri_Benchmark_report_20141_on_Economics_of_Southeast_Asian_Rice_Production
https://www.researchgate.net/publication/274065751_Agri_Benchmark_report_20141_on_Economics_of_Southeast_Asian_Rice_Production
https://www.researchgate.net/publication/274065751_Agri_Benchmark_report_20141_on_Economics_of_Southeast_Asian_Rice_Production
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3712808
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3712808
https://doi.org/10.1007/s13593-024-00960-w
https://doi.org/10.1007/s13593-024-00960-w

