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Abstract: The diverse sources of agricultural extension
information do not guarantee increased farmers’ capabil-
ities to adopt agricultural innovations. Consequently, efforts
to accelerate the adoption of agricultural innovations should
pay particular attention to farmers’ compatibility with
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different information sources. This study aims to analyze
farmers’ perceptions of various information sources about
rice commodity innovations and determine the information
sources influencing farmers’ capabilities in adopting rice
innovations. The study was conducted from June to
December 2019 through a structured survey approach
with 270 rice farmers in Subang, West Java and Boyolali,
Central Java, Indonesia, by using structural equation model
analysis. The results showed that rice farmers had positive
perceptions of government, private, and self-subsistent
extension. The capability level of rice farmers showed
that all indicators were significantly different. Farmers
could improve their capabilities and sustainability of rice
farming by adopting agricultural innovations. Information
from government and private extension providers had a
positive effect on the capacity and capability of rice farmers.
The role of self-subsistent extension was more of a facili-
tator and did not directly affect the capacity and capability
of farmers. Participatory extension activities are recom-
mended as a form of intervention that can improve rice
farmers’ capacity and capability in terms of technology
adoption processes. The extension activities should be pro-
vided as a series, rather than one-off events, so that farmer
knowledge accumulates over time through a style and pace
to match their skills and level of education.

Keywords: farmers’ perception, rice farming, source of
information, capability

1 Introduction

Rice is a staple food for most Indonesians and an impor-
tant component of Indonesia’s national food security.
Rice production plays a very important role in meeting
the nation’s rice demand [1]. Given the importance of rice
for Indonesia, the rice produced should meet the needs of
consumers in terms of quality, quantity, and safety. The
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Indonesian government seeks to increase rice production
in Indonesia by establishing supporting policies, one of
which is by increasing rice productivity [2]. Indonesia’s
rice production in the last 5 years has ranged from 54.4 to
56.5 million tons of dry-milled grain, with an average
production of 55.2 million tons per year. However, between
2015 and 2020, rice productivity in Indonesia decreased by
-0.814 per year. This equates to a decrease from 53.41
quintals per hectare in 2015 to 51.28 quintals per hectare
in 2020, even though in that period, many new technolo-
gies for rice cultivation have been produced. This indicates
that there is a gap between rice technology inventions and
the technology applied by the farmers.

Apart from rice farming technology, seasonal changes,
especially the long dry season, will affect rice production in
Indonesia [3]. This is due to a shift in the planting schedule,
which results in a decrease in production. Other researchers
also reported that the decline in rice production is greatly
affected by climate change [4-7], a situation that must be
anticipated and solutions sought because it will affect
national food availability and security [3,8,9]. Indonesia’s
rice availability and security must be strengthened by
farmers’ mastery of sustainable rice technology to help
deal with climate change adaptation and mitigation [10,11].
Farmers’ knowledge, attitude, and abilities in climate
change adaptation are strongly related to rice produc-
tivity [12].

Farmers generally diversify their business with sev-
eral commodities, apart from food crops and livestock,
including rice farmers. This business diversification is
carried out as a source of income, anticipates crop failure,
reduces risk and uncertainty in farming, and overcomes
poverty and food security [13]. The main product pro-
duced in rice farming is rice; besides that, it will produce
by-products that have added value [14].

Forty new rice varieties were developed between 2011
and 2018 in Indonesia, but during this period, the rice
varieties used by farmers changed little [15]. For example,
in 2011, 54.41% of rice farmers in Indonesia only used
three old rice varieties, namely, Ciherang, IR64, and
Mekongga, and in 2018, 50.59% of farmers were still
using these same varieties.

The success of the dissemination of new agricultural
technologies is determined by several factors, including
farmers’ preferences for technologies that can increase
productivity [16,17], the availability of the technology
(18], and farmers’ capacity to accept and recognize new
technologies [19]. In addition, the new technology must
be sustainable, adapted to rural social, cultural, and eco-
nomic conditions, accompanied by effective training and
outreach programs for farmers to encourage productivity
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and production processes and increase efficiency [20].
A study in Nigeria revealed farmers’ perceptions of high
productivity, cooking characteristics, pleasant taste, and
rising better while cooking as factors affecting variety
preference [21].

The capacity of farmers to accept and recognize new
agricultural technologies will increase the capability of
farmers to properly utilize any new technologies. Factors
that influence the capacity building of farmers include
the compatibility of the new technology with the techno-
logical needs of the farmers, and the compatibility of the
type of information source for the new technology with
the farmer’s preferences [22-24]. There are six main
sources of information on new agricultural technologies
available to farmers, namely: (1) Government Agricul-
tural Extension, being government employees assigned
as agricultural extension workers; (2) Private Agricultural
Extension, being extension workers who come from the
business world and/or institutions that have competence
in the field of extension; (3) Middlemen Agricultural
Extension, being production input sales people who pro-
vide farming technology information to farmers while
selling their products; (4) Self-Help Agricultural Exten-
sion, being farmers who are successful and willing to
provide counseling to other farmers; (5) Information
through Cyber Media, being media communication through
an electronic device that provides data and information
about agriculture technology; and (6) Information through
Non-Cyber Media, being media communication through a
non-electronic device that provides data and information
about agriculture technology.

In the context of agricultural innovation adoption,
capacity is about emphasizing the “absorption” of farmers
to innovations that come from outside, while the cap-
ability of farmers is influenced by how far the innovation
that has been absorbed is used appropriately in farming
activities. Farmers’ decisions to adopt innovations have an
impact on farming activities and are expected to be related
to the capability levels of farmers. This research focused
on rice farming, based on consideration of the level of
government intervention in the process of disseminating
innovations. This effort became the basis for developing a
strategy for accelerating the adoption and diffusion of
innovations at the farmer level.

This study aimed to analyze agricultural technology
adoption, focusing on farmers’ perceptions of various
sources of information about rice commodity innovation,
and the effect of these information sources on the cap-
ability of farmers to properly utilize the new technology
in their farming. The results are expected to contribute to
developing dissemination processes for rice technology,
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which will help to increase the awareness and applica-
tion of rice technology among farmers.

2 Literature review

Many studies assess the sources of information and fac-
tors affecting the adoption and adaptation of new rice
farming technologies. Research has been conducted on
rice farmers in Nigeria where the main sources of infor-
mation used by the respondents were friends, relatives,
and radio, and mainly for information on pest and dis-
ease control practices, mechanized land preparation and
planting, use of agricultural machinery, better storage
methods, and credit agriculture/loan [25]. In another
research, the interpersonal communication approach is
highly favored by farmers, as are information materials
on pest control, post-harvest technology, added value,
and marketing [26]. Farmers have an essential role as
trustworthy disseminators of information regarding inno-
vations in locations where farmers’ access to government
extension services is limited and when language con-
straints limit the information dissemination by the exten-
sion agents [27]. Information channels such as radio were
significantly preferred, but mobile phones were less pre-
ferred, despite their relatively wide ownership. In addi-
tion, it was stated that the information disseminated
would be useful and relevant if it was delivered on time.

Research in Nigeria showed that the mean age of
farmers is 46 years, implying that they are in their active
age, and that extension agents (72.0%) were the major
sources of information for the farmers regarding NERICA
rice varieties [28]. This research also revealed that farmers
had low adoption index of 23.3% as regards the NERICA
rice varieties. This means that the NERICA rice varieties
had not been highly adopted by a majority of the surveyed
farmers. The study further revealed that years of farming
experience were positively significant and influenced the
adoption of NERICA rice varieties. This implies that if the
adoption rate is to be increased, then this variety needs to
be disseminated among the most experienced farmers. The
identified major constraints to the adoption of NERICA rice
varieties included pest infestation, climate change, and
inadequate capital for adopting the technology.

Probit regression analysis revealed that area, use of
seeds and pesticides, labor use, tenurial status, irriga-
tion, and power costs all significantly affected farmer
adoption of direct-seeded rice (DSR). Addressing the con-
straints, especially the yield gap between DSR and trans-
planted rice (TPR), may enhance the adoption of DSR.
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The study suggests promoting DSR as a viable alternative
to TPR in suitable areas through extension services and
technology demonstrations; training and encouraging
rice farmers to practice efficient weed control techniques
including proper water management and land prepara-
tion and to use technologies like drum seeder and similar
technologies to save on seeds and labor; and developing
rice varieties and technologies ideal for DSR [29].

Related to varying sources of information and path-
ways, there are two possible technology transfer path-
ways (TTPs) [30]. The first TTP is via the traditional public
domain: from research institutions to extension agencies,
then to farmers. This pathway involves a set of govern-
ment agencies who could undertake localization, further
development, operation and maintenance, technology
assessment and information dissemination, and institu-
tionalization. An alternative TTP would also involve an
existing multi-stakeholder platform that could facilitate
coordination, feedback, and monitoring. Both pathways
have interconnected sub-pathways, coinciding with the
Theory of Change which shows that agricultural research
for development achieves impact through technology
development and adoption, capacity development, and
policy influence [31].

Regarding the adoption and adaptation of technology,
it has been revealed that age, education level, farm
income, farm experience, limited access to agricultural
extension, lack of credit facilities, limited access to agri-
cultural markets, and farm size are factors that can have
significant impacts on adaptation practices [32]. The
farmers had favorable attitudes toward climate change
adaptation and were agreeable to addressing climate
change issues through appropriate adaptation strate-
gies. However, the study found several adaptation bar-
riers that hinder farmers from implementing climate
change adaptation policies. Another study revealed the
significant economic, social, and environmental impacts
of climate change on farmers’ means of livelihood, which
ultimately affected their adaptive capacity [33]. Conse-
quently, it is essential to develop farmers’ adaptive capa-
city by focusing on the development of human, economic,
social, physical, and environmental capital. Governments
could establish schools that develop farmers’ focus on
adaptation and demonstrate the relevant methods for cul-
tivating climate-resilient crop varieties.

In terms of how farmers use information, previous
research showed that 88% of surveyed farmers used cli-
mate information services (CIS) in making farming deci-
sions [34]. Farmers’ age, household size, marital status,
farming experience, income extension contacts, owner-
ship of televisions, radios, and mobile phones, their
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proximity to the market, participation in workshops/
training, climate events experienced, and knowledge of
the appropriate application of fertilizer all significantly
influenced both access and utilization of CIS. The use
of CIS in planning for farming activities significantly
increased rice, maize, and cassava yields. The study
demonstrates the important contribution of CIS to crop
production [34].

The adoption of new agricultural technologies is also
related to the perceptions of farmers about the tech-
nology itself. Research by Salassa in 2022 showed that
farmers’ perceptions of natural farming systems differ
widely [35]. Natural farmers were perceived as good,
while conventional farmers were perceived as good enough.
Overall, farmers’ perception of the application of the
natural farming system shows a good category with a
score of 75%. Another study found a significant differ-
ence in perceptions of organic and conventional rice
farmers regarding production, quality, health and safety,
market price, environmental concern, and certification.
Organic farmers’ perceptions were considered more positive
than those of conventional ones [36]. Social interaction
was found to be the most important factor underpinning
this perception of the natural farming system [35]. Many
farmers will need convincing that organic rice farming
is not difficult. Thus, social interaction needs to be
improved in shaping the perception of rice farmers
toward organic rice farming.

3 Methods

3.1 Study area

This study was conducted from June to December 2019 in
Subang Regency, which is a center of rice production in
West Java Province, Indonesia, and Boyolali Regency
which is a center of rice production in Central Java
Province, Indonesia. One sub-district was chosen in West
Java and two sub-districts in Central Java, and three vil-
lages were chosen in every sub-district.

3.2 Data collection

The research used a quantitative deductive approach
supported by qualitative data. The technique of extracting
information/data was performed by the study of literature
and structured observation using a questionnaire-based
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survey method. A validity test of the questionnaire was
performed using the Pearson correlation, while a reliability
test was carried out using the Alpha-Cronbach formula. The
validity test results of 30 respondents outside the study
location indicated that the questionnaire was feasible to
be implemented with an a-value of 0.92 (very valid), and
the reliability test resulted in an a-value of 0.97 (perfect).

Primary data were obtained through interviews with
respondents using the questionnaire. The questionnaire
was divided into three types: (1) a structured question-
naire used for interviews with farmers (respondents), to
gather information on the identity of the respondents,
patterns of farming, perceptions of sources of informa-
tion, and farming problems encountered; (2) a semi-
structured questionnaire used for interviews with other
key informants, to gather information on the general con-
dition of the area, sources of information in the study
area, potentials and problems faced by farmers; and (3)
a semi-structured questionnaire used for interviews with
farmer institutions (i.e., financial, agricultural produc-
tion facilities, infrastructure conditions), constraints, and
opportunities for agribusiness development.

Secondary data were gathered from the Central
Bureau of Statistics, the Ministry of Agriculture, and
the Assessment Institute for Agricultural Technology.
To explain various phenomena obtained from the primary
and secondary data, a number of focus group discussions
were carried out. A series of the structured questionnaire
were used during the interview session. To avoid unreli-
able judgment, the questionnaires were not shown to the
participants before the session began [37].

The number of samples was based on the calculation
of 5-10 times the number of research indicator variables
as a condition of testing the model using the structural
equation model (SEM) [38,39]. The number of indicator
variables was 38. Therefore, to fulfill the SEM require-
ments, the required number (n) of samples was between
190 and 380. The sampling technique used a cluster
random sampling with the number of respondents deter-
mined proportionally in each village, such as n = 30 rice
farmer households. The total respondents were 270 rice
farmers.

The capacity and capability of farmers as the depen-
dent variable (Y1 and Y2) were expected to be affected
by six independent variables (X1-X6) representing six
sources of information — government extension, private
extension, self-subsistent extension, middlemen, cyber,
and non-cyber sources. Each independent variable was
represented by five equal indicator variables — attractive-
ness, service, availability of innovation, accessibility, and
communication intensity (Figure 1).
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Middlemen (X,)
X, 1- Attractiveness

X ,- Services

X, 3. Availability of innovation
X, 4- Accessibility

X, 5. Communication intensity

Privat Extension (X,)

Farmers’ Capacity (Y,)
Y, ;. Knowledge of innovation
Y, ,. Troubleshooting Ability
Y, ;. Ability to Plan Farming

X, Services

X, 3- Availability of innovation
X, 4- Accessibility
X, 5. Communication intensity

Cyber Information (X5)

X, ;. Attractiveness
X, ,. Services

X ;. Attractiveness

Xs.,. Services

X, ;. Availability of innovation
X, 4 Accessibility
X, 5. Communication intensity

Self-Subsistent Extension (X;)

X; . Attractiveness Innovation

X;,. Services

X; 3. Availability of innovation

X; 4. Accessibility

Farmers’ Capabiliy (Y,)
Y, ;. Timeliness in Implementing Innovation
Y, ,. Accuracy of Innovation Quality
Y, ;. Accuracy in Quantity/Quantity of

Y, 4. Accuracy of Innovation Type
Y, 5. Accuracy in Adoption Sustainability

X 3. Availability of innovation
X 4. Accessibility
X 5. Intensity of use

Non-Cyber Information (Xg)
X.1- Attractiveness
Xs.,- Services
X 3- Availability of innovation
X.4- Accessibility

X; 5. Communication intensity

Figure 1: Analytical framework of the study.

Statements from respondents about attitudes and
perceptions were measured using a modified tiered Likert
scale that measured in the ordinal category and ranked
along a continuum. There were only four scale intervals
- very low, low, high, and very high, with no neutral
answer category to prevent ambiguity [40,41].

3.3 Data analysis

A descriptive analysis was used to answer the first objec-
tive, about technology adoption and the perceptions of
various sources of information on rice commodity inno-
vation. The second objective was answered using the SEM
with LISREL software version 8.72. As one of the statis-
tical inferences, SEM is an estimation technique or pre-
diction of the population. SEM is considered one of the
multivariate structural relationship statistical data pro-
cessing techniques. There are two main components of
the SEM, with the following formula [38,39,42]:

(a) The SEM

n=B,+I&+(,

where 1, eta, is a vector of endogenous variables
(latent variable Y); B, beta (besar), is a coefficient
matrix that describes the influence of other endo-
genous variables; I, gamma, is a coefficient matrix

X.s- Intensity of use

that describes the effect of exogenous variables on
endogenous variables; ¢, xi, is a vector of exogenous
variables (latent variable X); {, zeta, is a vector of
residuals or errors in the equation.

(b) The measurement model

X =M+ 6,
Y=A¥+e¢,

where X is the vector of independent variable measure-
ments; Ax, lambda x, is the matrix of X loading on unob-
served exogenous latent variables; 6, delta, is the vector
of measurement errors associated with the variables X;
Ay, lambda y, is a matrix of loading X on unobserved
endogenous variables; &, epsilon, is a vector of measure-
ment errors associated with the Y variables.

Testing the model using the SEM has the assumption
that the normality of the data is normally distributed and
there are no symptoms of multicollinearity. That is, there
is no perfect correlation of 0.9 or more. The model fit
(goodness of fit [GoF]) is assessed after fulfilling these
assumptions. Table 1 shows two measurements of the
model fit carried out in this study, namely: (a) absolute
measures, which have two criteria; and (b) incremental
fit measures, which have six criteria. The ratio criterion
between the Chi-Square value (X% and the degrees of
freedom (df) measurements was also used [42,43].



6 —— Maesti Mardiharini et al.

Table 1: GoF test on the SEM
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GoF

Cut off value

A. Absolute measures
1. Root mean square error of approximation (RMSEA)

2. Goodness of fit index (GFI)

A. Incremental fit measures
1. Adjusted goodness of fit index (AGFI)

2. Normed fit index (NFI)

3. Tucker-Lewis index/non-normed fit index (TLI/NNFI)

4. Comparative fit index (CFI)

5. Incremental fit index (IFI)

6. Relative fit index (RFI)

A. Other measurements
Normed Chi-square (X?/df)

RMSEA < 0.05 = close fit

0.05 < RMSEA < 0.08 = good fit
0.08 < RMSEA < 0.10 = marginal fit
RMSEA > 0.10 = poor fit

GFl > 0.90 = good fit

0.80 < GFI < 0.90 = marginal fit
GFl < 0.80 = poor fit

AGFI = 0.90 = good fit

0.80 < AGFI < 0.90 = marginal fit
AGFI < 0.80 = poor fit

NFI > 0.90 = good fit

0.80 < NFI < 0.90 = marginal fit
NFI < 0.80 = poor fit

NNFI > 0.90 = good fit

0.80 < NNFI < 0.90 = marginal fit
NNFI < 0.80 = poor fit

CFI > 0.90 = good fit

0.80 < CFl < 0.90 = marginal fit
CFl < 0.80 = poor fit

IFl > 0.90 = good fit

0.80 < IFI < 0.90 = marginal fit
IFI < 0.80 = poor fit

RFI > 0.90 = good fit

0.80 < RFI < 0.90 = marginal fit
RFl < 0.80 = poor fit

1.0 < X*/df < 3.0 = good fit

4 Results

4.1 Rice production and technology
adoption

The cultivation of rice is evenly distributed in all regions
of Indonesia. This is consistent with the fact that many
people in all regions of the country are dependent on rice
for consumption. Over the last 4 years, the five main
provinces for rice production in Indonesia are East Java,
Central Java, West Java, South Sulawesi, and South
Sumatra. In 2021, the rice production from these five
provinces was around 66.5% of the total Indonesian
rice production. The area of rice harvested in Indonesia
in 2021 was 10.4 million hectares, with total production
being 54.4 million tons and the average productivity being
52.26 quintals per hectare.

Based on BPS Statistics Indonesia, the average rice
productivity in irrigated rice fields is 53.50 quintals per
hectare, and in non-irrigated rice fields or rainfed rice

fields, it is 45.07 quintals per hectare [44]. Among irri-
gated lands, the average productivity of irrigated rice in
Java differs from the average productivity outside Java.
Productivity of irrigated rice fields in Java, especially in
East Java, West Java, and Central Java, is on average
above 55 quintals per hectare. Meanwhile, several provinces
appear to have an average irrigated paddy productivity
below 35 quintals per hectare, namely, Bangka Belitung
Islands, Riau, Central Kalimantan, West Kalimantan, and
West Papua (Figure 2).

One of the factors that significantly influence rice
productivity is the use of quality seeds from new superior
varieties (VUB). The contribution of increased produc-
tivity of new superior varieties to national rice production
is around 56% [45,46]. The role of productivity in increasing
rice production reached 56.10%, 26.30% area expansion,
and 17.60% by the interaction between the two [47].
According to previous research, rice production is influ-
enced by rice harvest area, rainfall, the number of rainy
days, and time of day which are proxies for technological
change, land conversion, and climate change [8,48].
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Produktivitas Padi Sawah Nasional 2020 sebesar 50,44 ku/ha
The 2020 National Wetland Paddy Productivity was 50.44 quha
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Figure 2: Map of Wetland Paddy Productivity Distribution in Indonesia, 2020 [44].

Another study reported that rice production is influenced
by human capital, labor, wages, wetlands, urban popula-
tion, and rice prices [49] and climate changes [9].

Currently, certified rice seeds are used in around
57.3% of the 10.4 million hectare rice planting area [15].
The remaining area uses non-certified seeds produced
by the farmers themselves or other farmer-saved seeds.
Meanwhile, in terms of the distribution of superior rice
varieties used by farmers, the dominant superior varieties
used are Ciherang (29.87%), Mekongga (12.60%), Inpari
32 HDB (7.47%), IR 64 (6.31%), and Inpari 30 Ciherang
Subl (4.66%) [15]. The dominant rice varieties used by
farmers remain the three old varieties — Ciherang, IR64,
and Mekongga, and in 2021, as many as 48.78% of
farmers were still using these varieties. Rice planting
using quality seeds showed more uniform plant growth,
a higher number of tillers/clumps, panicles/clumps, and
an increase in grain yield between 12.2 and 15.0% com-
pared to using farmers’ saved seeds [50].

Seed production goes through several stages of seed
class before being distributed by distributors to user
farmers. Breeder seeds (BS) are produced by plant bree-
ders, government agencies, the private sector, and indi-
viduals. The next derivatives are called the Basic Seed

(BD) class, or Foundation Seed and Principal Seed class
(BP), or Stock Seed, produced by Provincial Seed Centers,
District Seed Centers or Seed Producers. Spread Seed
Class (BR) or Extension Seed is a class of seeds that are
ready for use by farmers and are produced by Seed
Producers or Seed Breeders. F1 seeds (hybrid) are equal-
ized to the BR class.

Nowadays, 403 varieties of rice have been released,
266 varieties of corn, and 87 varieties of soybeans. The
Indonesian Agency for Research and Development (IAARD)
released most of the superior rice varieties (209 varieties)
and soybeans (74 varieties), in addition to the National
Atomic Energy Agency (BATAN), the Indonesian Institute
of Sciences (LIPI), universities, the private sector, and the
local government [51]. The private sector only releases
domestically bred hybrid rice varieties, and most of their
parents come from introduced lines. Conditions are dif-
ferent for corn; the private sector dominates the release of
corn varieties (173 varieties), which are mostly hybrid corn.
IAARD dominates the release of composite corn.

Common problems faced by rice farmers are limited
land use, low motivation to use superior seeds, and inef-
ficient farming management. The problems faced by rice
farmers reported that unpredictable weather conditions,
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narrow land area, limited agricultural labor and water
resources, high input costs, and uncertain information
about climate change affect production rice and hinder
the implementation of climate change adaptive strategies
[9]. Small land size causes differences in planting time,
which can result in pest and disease attacks. The larger
scale of rice farming land also allows the application of
agricultural mechanization, leading to more efficient
farming. The motivation for technology adoption will
increase, including the use of quality seeds for high-
yielding varieties whose current application is still low,
namely, less than 50% [52]. Apart from that, farmers
need to be given rice varieties that are resistant to climate
change and need to provide accurate information about
changes in the weather [9].

Agricultural extension workers, as a source of infor-
mation in rice farming, face several problems, including
limited institutional support due to changes in institu-
tional capacity and the limited number of extension
workers who are not proportional to the number of tar-
geted areas [53]. It has been found that rice farmers’
perceptions of the role of agricultural instructors as facil-
itators, motivators, mediators, educators, advisors, and
communicators can increase their capacity. Perception
has an indirect impact on the behavior of rice farmers
through attitudes and also a direct influence on the activ-
ities of rice farmers to follow the behavior of agricultural
extension workers. Increasing the role of extension workers
is an important factor that needs to be taken into account
by both the government and the extension workers them-
selves. This role can be carried out by increasing the inten-
sity of meetings with farmers, training, and establishing
demonstration plots that are beneficial to farmers. With
an increased farmer capacity, their production and income
can also be increased [53,54]. However, aside from
essential knowledge, farmers’ motivation is also crucial
to strengthening their work performance, which subse-
quently increases rice production [55].

In the future, farmers must be prepared for the chal-
lenges of developing agriculture from conventional to
modern systems using smart farming technology. Factors
that may be an obstacle to the application of smart farming
technology, especially for small farmers, are global climate
change, and the relatively low quality of human resources
for farmers and extension workers [56]. The research
results conducted in North Sumatra, South Sumatra, and
Yogyakarta show that productive age, educational level,
and experience of more than 10 years make it possible to
implement an Agricultural Information System if supported
by a good internet network, improve security services, ease
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of application, accuracy, suitability, output interpretation,
and accuracy, which will increase user convenience [57].

4.2 Farmer characteristics and perceptions
of agricultural innovation information
sources

4.2.1 Farmer characteristics

One of the main problems in agricultural development in
Indonesia is the inequality of land tenure in the commu-
nity, and the results of this study confirm this. This pro-
blem is consistent with the national Gini ratio, which
is around 0.72. This means that there is a very high
inequality in land tenure [58]. Of the around 13.1 million
rice farming households in Indonesia, 9.8 million (75%)
farm on less than 0.5 hectares of land [59].

The macro data on rice farmer characteristics are also
consistent with the data from this study (Table 2). Own-
ership of land is relatively low, with around 71.86% of
farmers use land less than 1.0 hectare. Other conditions
that need to be considered are low control and utilization
of information technology and a low level of cosmopo-
litan. It is understood that knowledge about farming
activities depends on other farmers and their interactions
with the extension workers.

Because the land ownership is narrow or limited,
farmers need the income from the non-agriculture. The
benefits derived from agricultural diversification are
increased income and employment and, in the long
run, have prospects for income growth and more envir-
onmentally friendly farming systems [60]. Rice and
livestock diversification is an example of a business
that many farmers do in Indonesia. Rice and livestock
diversification farming has a mutually beneficial rela-
tionship, namely, rice plants get organic fertilizer from
livestock, and livestock get feed from rice waste.

Agricultural waste is the remaining growth and pro-
cessing of agricultural products, which if managed prop-
erly, will have benefits [61] for livestock as a source of
feed ingredients or can be used as an energy source
[62,63]. These by-products, if managed and used prop-
erly, have added value, including as feed ingredients,
industrial raw materials, fertilizers, mulch, and as a
source of energy [63]. The by-products in the form of
rice straw, bran, broken rice, and husks can be used
alone or sold. The processed rice waste contains energy
that can be utilized further [62].
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Table 2: Characteristics of rice farmers in the research locations

No. Items Frequency (%)

1. Formal education
a. No schooling 4 1.48
b. Elementary 140 51.85
c. Junior high school 36 13.33
d. Senior high school 75 27.78
e. Diploma/S1 15 5.56
Modus Elementary school

2. Non-formal education (frequencies of agriculture training for
last 3 years)
a. Never 44 16.30
b. Low (1-3 times) 73 27.04
c. Moderate (4-6 times) 71 26.30
d. High (=7 times) 82 30.37
Average 2.71 (3-4 times)

3. Land tenure
a. Narrow (<0.25 ha) 44 16.30
b. Moderate (0.26-1.0 ha) 150 55.56
c. Large (1.0-2.0 ha) 50 18.52
d. Very large (>2.0 ha) 26 9.63
Average 0.91 Moderate

(0.26-1ha)

4, Mastery and utilization of information technology
a. Very low 6 2.22
b. Low 146 54.07
c. High 99 36.67
d. Very high 19 7.04
Average 2.45 (Low)

5. Cosmopolitan level (last year’s mobility)
a. Never 89 32.96
b. Low (<5 times) 165 61.11
c. Moderate (6-10 times) 12 4.44
d. High (>10 times) 4 1.43
Average 1.75 Low (<5 times)

The strategy that can be implemented to improve
agricultural extension services to farmers with low levels
of education is to implement Field Schools that support
sustainable agriculture [64]. Another research reported
that training, apprenticeship, perception, motivation,
counseling activities, and farmer participation in exten-
sion activities can support the sustainability of farming
[65].

The levels of formal and non-formal education of
farmers are relatively low. Between 40-60% of farmers
have only completed primary school education, and the
frequency of farmer participation in training is very low
[36]. The data from BPS Statistics Indonesia showed that
70.72% of rice households did not receive counseling/
guidance regarding the management of their rice plant
business during the past year [66]. Older farmers
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generally do not easily accept something new outside
their environment [67].

Characteristics of farmers affect their perception of
agricultural extension. Factors that influence farmers’
perceptions of and responses to innovation include both
internal and external factors [68]. Other research revealed
that there is a relationship between internal factors of
farmers’ characteristics and external factors (social system)
on their perception of the role of agricultural extension
workers as technicians, facilitators, and advisors [69]. The
research results indicate that access to information tech-
nology is relatively low, mainly related to the low levels
of land ownership and cosmopolitan level.

4.2.2 Farmers’ perceptions of agricultural innovation
information sources

The results indicated that rice farmers had high percep-
tions (good to very good categories) of government,
private, and self-subsistent extension, while their per-
ceptions of other sources of information (middlemen,
cyber, and non-cyber information) were relatively low.
Farmers’ perception of a particular object is an active
activity, as a learning process, renewal, and perspec-
tive, which has a reciprocal effect on observation,
inferential, and uses learning outcomes to recognize
the world [70,71]. The results regarding the factors that
influence farmers’ perceptions of agricultural counseling
are related to their characteristics, especially the level of
education and farming experience [36,72,73], courage to
take risks, mobility, and internal and external group coop-
eration [74].

The farmers’ perceptions of various sources of infor-
mation about agricultural innovations are shown in
Figure 3. Each source of information has its own char-
acteristics, which are taken into consideration for farmers to
interact intensively. Rice farmers’ perception of government
agricultural extension was determined as “very good”
(average score of more than 3.5 on a scale of 4), which
was higher than all other sources of information across
all aspects, such as attractiveness (intrinsic factor), ser-
vice (extrinsic factor), availability of innovation, ease of
accessibility, and intensity of interaction.

Most agricultural extension services in Indonesia
have a background in food crop production. Of around
31,506 civil servant extension services, around 63.4% are
food crop extension services. Extension services with
a background in horticulture are only around 8.14%.
Government extension services focused on food crops
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Figure 3: Rice farmers’ perceptions of various information sources of innovation.

have the opportunity to interact more intensively with
rice farmers than other extension services.

The factors that influence farmers’ perceptions of
agricultural extension are related to the intensity of col-
laboration with information sources [74-76]. It can be
understood that self-subsistent extension services are
advanced farmers who live near the farmers, but they
cannot work together in the procurement of production
facilities and marketing of their farm products.

5 Discussion

Capability is defined as a person’s ability to adapt to
innovation and have commitment in managing an inno-
vation for the improvement and sustainability of their
business [77]. Information quality influences the cap-
ability of farmers to manage an innovation [78]. The
quality of information and the accuracy of an innovation
together influence a farmer’s decision about adopting an
innovation [78,79].

The farmers’ capability in this study was measured
via their ability to apply an innovation, according to the
accuracy of the innovation in terms of timeliness, quality,
quantity, type, and sustainability. The results showed
that rice farmers adopted appropriately, with the average
across all categories being high (Table 3). The nature of
rice innovation is relatively stable, and farmers with
experience in farming have adequate provision in terms
of capacity to process information. Rice farmers have the
confidence or capability to implement innovations appro-
priately according to the recommendations.

Table 3: Capability of rice farmers in the research locations

Items Frequency (%)
1. Timeliness in implementing innovation

Very low 6 2.22
Low 17 6.30
High 113 41.85
Very high 134 49.63
Average 3.39 (High)

2. Accuracy of innovation quality

Very low 10 3.70
Low 12 4.44
High 109 40.37
Very high 139 51.48
Average 3.40 (High)

3. Accuracy in quantity/quantity of

innovation

Very low 8 2.96
Low 20 7.41
High 123 45.56
Very high 119 44.07
Average 3.15 (High)

4. Accuracy of innovation type

Very low 8 5.84
Low 8 5.84
High 66 48.18
Very high 55 40.15
Average 3.40 (High)

5. Accuracy in adoption sustainability

Very low 5 1.85
Low 15 5.56
High 94 34.81
Very high 156 57.78
Average 3.49 (High)

Very low: 1.0-1.49, low: 1.50-2.49, high: 2.50-3.49, very high:
3.50-4.0.
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Some innovations in rice farming require appropriate
timing in terms of their application, especially with ferti-
lizing. If inappropriately timed, the innovation will not be
optimal. Likewise, for the quality, type, quantity, and
sustainability of innovations.

The research results indicate that various sources of
information available to farmers have a direct effect on
increasing their capacity. Capacity building for rice farmers
was influenced by interactions with government and
private extension services (Figure 4).

The presence of private extension services for rice
farmers is expected to increase the capacity and cap-
ability of farmers to perform their farming activities.
These efforts can be realized if private extension services
have sufficient competence [80] and can play a role as
extension services who is able to improve the welfare of
farmers independently [81]. When implementing innova-
tion as a form of capability, farmers are influenced by
sources of information from middlemen. The amount
of dependence of farmers on middlemen to provide inno-
vation and selling their farming products causes mid-
dlemen to negatively affect the capabilities of farmers.
The presence of middlemen is considered as a party
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that helps farmers with capital and information. How-
ever, farmers have a high dependence on middlemen,
and this dependency tends to harm the farmers [82].

The role of self-help extension was more as a med-
iator and facilitator in the implementation of government
and private extension. Self-help extension services have
a significant role as facilitators of empowerment and
bridging the information needs of farmers from govern-
ment research and extension institutions [73,83]. The role
of self-help extension is not optimal in carrying out the
extension function as expected [84,85].

The results of other studies in Central Sulawesi,
Indonesia, found that the competency level of rice farmers
tends to be low, and that this is due to the weak role of
agricultural extension workers in the region [75,86]. The
role of extension workers as communicators, facilitators,
and educators has a positive effect on increasing the com-
petence of rice farmers. However, currently these factors
tend to be low, so there is still a lack of sufficient efforts
to increase the competency of rice farmers despite the role
of extension workers being needed by farmers.

In the regression equation model of the rice farmers’
capacity, the variables of most influence are government
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Figure 4: Effect of Information Sources on the Capability of Rice Farmers.
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and private extension services. The regression equation
models for the capacity of rice farmers are as follows:

Rice farmer = 0.39 Government extension + 0.15
Private extension, R? = 0.20.

Meanwhile, the regression model of rice farmers’ cap-
ability is only influenced by the capacity. The regression
equation models for the capability of rice farmers are as
follows:

Rice farmer = 0.82, Farmer capacity, R? = 0.68.

Increased farmers’ capacity significantly affected the
capability of farmers. For rice farmers, the resulting
model describes 68% of the effect of capacity on farmers’
capability in the application of agricultural innovations.
The relative magnitude of the R? value also shows that
this model can be used as a reference in increasing the
capability of farmers in the adoption process for rice cul-
tivation innovations.

Measurements and all of these criteria, as well as the
results of research estimation for the rice models, can be
seen in Table 4. The results of testing the model of the
influence of information sources on farmers’ capabilities
show that of the nine measurement criteria, eight of them
are declared “good” (good fit), and one criterion, namely,
AGF]I, is stated to be sufficient (marginal fit). In general, it
can be concluded that the model built in this study is
stated to be good for use.

Agricultural extension services are a tool to connect
farmers with sources of information and find solutions to
increase farmers’ competence and income. Increasing
the role of extension workers is therefore needed to
better support farmers. Results of previous research in
Indonesia found that the role of extension workers was
in the moderate category to increase the independence of

Table 4: GoF test on SEM

GoF Estimation Categories
results
A. Absolute measures
1. RMSEA 0.079 Good fit
2. GFI 0.91 Good fit
B. Incremental fit measures
1. AGFI 0.88 Marginal fit
2. NFI 0.96 Good fit
3. TLI/NNFI 0.97 Good fit
4. CFI 0.98 Good fit
5. IFI 0.98 Good fit
6. RFI 0.95 Good fit
C. Other measurements
Normed Chi-Square (X?/df) 2.11 Good fit
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rice farmers [87]. Factors that have a strong influence on
the implementation of the role of extension workers are
the internal characteristics of farmers toward the exten-
sion workers themselves, namely position in farmer groups,
counseling, ability to communicate, and an ability to moti-
vate and own a business in agriculture. Recommended stra-
tegies from this work included strengthening the role of
extension workers to support farmers through capacity
building in extension methodology.

Agricultural policy in Indonesia is inseparable from a
combination of extensification and intensification poli-
cies. Extensification is an expansion of agricultural areas
by targeting areas outside densely populated areas and
other potential areas as sources of new production growth,
i.e., in swampland areas [88]. Extensification development
strategy, particularly in potential swamplands, should
be focusing on water management systems, water man-
agement infrastructure rehabilitation, land management,
adaptive and potential commodity selection, and farmer
institution strengthening and facilitation [89]. The gov-
ernment can also support an increase in rice production
and capability of rice farmers through new technology
packages as part of intensification programs. Based on
this research, agricultural extension workers are seen as
a good source of information to deliver technology
packages to rice farmers. Agricultural extension services
are a tool that connects farmers with sources of informa-
tion and seeks solutions to overcome problems in applying
technology to increase production [75]. However, an agri-
cultural extension does not directly affect farmer produc-
tivity [90]. It may increase farmers’ productivity not as a
direct result of extension but as a result of improved
farmers’ capacity and capability due to interventions from
quality extension workers. As a result, high-quality exten-
sion workers will boost farmers’ problem-solving abilities.

An effective intensification strategy is involving farmers
with the technology packages with guidance from agricul-
tural extension workers. Technology dissemination can also
be carried out with participatory extension by trying to
improve farmers’ abilities through intensive interactions
with extension agents [91].

Agricultural extension in Indonesia is intended to
improve agricultural productivity and farm performance
and farmer welfare at the micro-level. In Indonesia, agri-
cultural extension is an integral part of the Agricultural
Development Program. The government legalized Act 16/
2006 to establish the national Agricultural Extension
System. The results of this study will play a major role
in supporting the implementation of Act 16/2006, espe-
cially in the effort to increase rice productivity and pro-
duction, as the main staple food in Indonesia.
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6 Conclusion and implications

Rice farmers in this study had positive perceptions of
government and self-help extension. Rice farmers applied
farming innovations precisely and included in the high
category. Rice farmers with their farming experience had
the capacity to process farming innovation information
and also had the capability to implement innovations
appropriately. This was influenced by the role of govern-
ment extension services who are still the dominant service
provider in terms of providing extension materials for food
crops (rice).

Government and private extension services as sources
of information significantly affected the capacity and
capability of rice farmers, including helping farmers
understand innovations and plan for their implementa-
tion. Information from middlemen had a negative effect
on improving farmers’ capability, due to the unconfor-
mity of knowledge conveyed by government extension
services and the interests of middlemen. The existence
of self-help extension services did not directly affect the
capacity and capability of the rice farmers because the
role of self-help extension services was more as a facil-
itator for other sources of information.

Sources of information about agricultural innova-
tions were found to improve farmers’ capability and sus-
tainability of adoption. This was because the information
sources have competency as extension services who are
able to improve the welfare and independence of farmers,
with attractiveness, good service, availability of required
innovations, easily accessible, and high intensity of
interaction.

Participatory extension activities are recommended
as a form of intervention that can improve the farmers’
capacity in terms of technology adoption processes.
Increasing the frequency and intensity of government
and private extension are other crucial factors in enhan-
cing the capacity and capability of rice farmers and
understanding innovations. Findings from this study
show that most current extension activities are not
optimal in carrying out the extension function as expected.
Therefore, it is recommended that a series of easy-to-under-
stand extension activities need to be formulated to enhance
farmers’ knowledge of new rice farming technologies. The
extension activities should be provided as a series, rather
than one-off events, so that farmer knowledge accumulates
over time through a style and pace to match their skills and
level of education.

Due to the rice farmers having a positive perception
of self-help extension, other efforts could be implemented
to improve personal capacity building, in particular for
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selected farmers or peers, through technical training or
training of trainers (TOT). Generally, technical training or
TOT could contribute to the process of increasing the capa-
city and capability of farmers.

7 Strengths and limitations of the
study

The main strength of this study, which differentiates it
from similar research in the literature, is that it involves
respondents who use technology just in time, that the
technology use based on need assessment result, and
representative from main area rice production in Indonesia.
Furthermore, this study also explains the differences between
farmers’ rice farming capacity and capability. However, due
to the sample size and the purposive location sampling
strategy in irrigated rice used, the results of this study cannot
be generalized to all Indonesian rice production areas. Rice
farmers in non-irrigated area may have different behaviors,
depending on their daily activities, and should be subject to
further research.
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