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The Climate Smart Agriculture (CSA) approach has become one
of the innovations in implementing sustainable coffee
cultivation in West Sumatra, particularly in Situjuah Limo
Nagari District. This study aims to describe the characteristics of
the coffee farmers and understand their perception regarding
the adoption of sustainable coffee innovation based on CSA in
Situjuah Limo Nagari District. The research was conducted from
August to September 2025 by applying a survey method. The
sample consisted of 156 Situjuah coffee farmers Data analysis
employed the Spearman Rank correlation. The results show the
characteristics of coffee farmers in Situjuah Limo Nagari District
depicted based on age, gender, residence, education, farming
experience, number of dependents, land size, type of sales, land
ownership status, and coffee variety. The second results of this
study on the perception level of coffee farmers in implementing
sustainable coffee based on CSA in Situjuah Limo Nagari District
show that, in general, farmers have a relatively high perception,
with an average score of 68.74% of the maximum score.
Moreover, farmers’ perceptions of CSA implementation are
more strongly influenced by economic factors (income) and
external institutional factors (farmer groups and extension
workers), followed by innovation characteristics.
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INTRODUCTION

Indonesia’s coffee production faces increasing threats from weather variability and climate change, which
affect productivity, plant pests and diseases, as well as coffee bean quality. The Climate Smart Agriculture
(CSA) approach has been recommended as one of the strategies to improve resilience, productivity, and
emission mitigation in small- and medium-scale coffee production systems. CSA includes a range of technical
and managerial practices such as crop rotation, shade management, soil conservation, varietal diversification,
and water management. These practices are adapted to the local context to achieve the three main goals of
CSA: production, adaptation, and mitigation (Djufry et al., 2022). Studies by Prasetyo et al. (2017), Angka.
(2021) and Leo et al. (2023) have shown that temperature changes significantly affect coffee productivity.
Suboptimal environmental temperatures can lead to flower and young fruit drop, resulting in lower yields.

Sityjuah Limo Nagari District, Lima Puluh Kota Regency, West Sumatra, is one of the areas with
strong economic dependence on plantation crops, including coffee. Research by Latifa et al. (2025) revealed
that Robusta coffee is a leading plantation commodity in Lima Puluh Kota Regency and possesses competitive
and comparative advantages in Situjuah Limo Nagari District. This indicates that the area has the potential to
become a coffee development center.

However, studies on CSA-based coffee production systems and farmers’ perceptions of sustainable
innovations, both at the District and nagari (village) levels, remain very limited. Generally, national studies
show that the adoption of CSA practices is still low due to socio-economic factors such as knowledge, access
to technology, and institutional support. Therefore, contextual studies are needed to describe the
characteristics of local coffee farming systems as well as farmers’ understanding and attitudes toward CSA
innovations as the basis for policy recommendations (Hidayat, 2023).

In addition, studies on farmers’ perceptions of coffee innovations, such as organic coffee or new
cultivation techniques, indicate that demographic factors, experience, sources of information, and economic
benefits influence farmers’ attitudes and adoption decisions. This is relevant for designing effective extension
strategies and policies at the local level. Perception studies like this provide a methodological framework that
can be adapted to the context of Situjuah Limo Nagari District (Rohma et al., 2023). Azel et al. (2024) stated
that the adoption rate of sustainable coffee farming reached 71%, indicating that farmers are quite responsive
to new technologies.

Coffee production in Situjuah has not yet reached its full potential. In 2022, production was 22.62 tons,
but it declined by 3.47 tons in 2023. This significant decline occurred over the last two years (BPS Kabupaten
Lima Puluh Kota, 2024). One of the causes is farmers’ limited knowledge, particularly in utilizing local
resources (Mangunsong & Wahyudi, 2018). Thus, CSA implementation becomes increasingly relevant for
improving productivity while maintaining environmental sustainability (Schroth et al., 2015; Mulyono et al.,
2022).

Situyjuah Limo Nagari District still applies traditional agricultural management models, where
practices are based on inherited knowledge passed on from previous farmers’ generation, such as the use of
chemical fertilizers, minimal coffee crop care, and waste disposal. In fact, there is considerable potential to
improve production through better management practices. Therefore, the adoption of CSA is considered
necessary. However, CSA implementation in Situjuah still faces challenges such as uneven dissemination of
technology, limited innovation adoption, and the marginalization of local knowledge-based technologies.
These issues are partly due to differences in understanding between farmers and extension workers, as well
as the rapid flow of modern technology transfer. Modern technologies are often considered more dynamic
compared to local/traditional technologies (Craparo et al., 2017; Kirungi et al., 2023).

The objective of this study is to describe the characteristics of coffee farmers and understand their
perception regarding the implementation of sustainable coffee innovation based on CSA in Situjuah Limo
Nagari District, Lima Puluh Kota Regency.

RESEARCH METHOD

This research was conducted in Situjuah Limo Nagari District (Figure 1), Lima Puluh Kota Regency, West
Sumatra. It consists of five Nagari (villages). The study was implemented from August to September 2025. The
data collection method used was survey. The research design employed a mixed-method approach, combining
qualitative and quantitative descriptive research.

268



Dara Latifa et al., Farmers” Perception of Sustainable Coffee Innovation

Kota Payakumbah

KAB. TANAH DATAR

Figure 1
Map of Situjuah Limo Nagari District
Source: GIS Data Proceed, 2025

The data used in this study consisted of primary and secondary data. In this research, the index
variables were measured using a Likert scale ranging from 1 to 5. Secondary data were obtained through
literature studies to support, complement, and refine primary data, both from internal and external sources,
including reports and other published data such as from BPS, the Department of Food Crops, Horticulture,
and Plantation of Lima Puluh Kota Regency.

The population consisted of 256 coffee farmers spread across five nagari in Situjuah Limo Nagari
District. The sample was determined using Slovin’s formula by using 5% margin of error, which then result in
156 coffee farmers. This number is consistent with the minimum sample size required for survey research,
which ranges from 100 to 300 samples (Kusnandar et al., 2022; Munandar et al., 2023). Sampling was conducted
using the simple random sampling method (Kumalasari et al., 2019; Sumargo, 2020).

Data analysis applied qualitative descriptive approach to describe the characteristics of coffee farmers
in Situjuah Limo Nagari District using data tabulation and mean values. To determine the perception level of
coffee farmers regarding the implementation of sustainable coffee innovation based on CSA, the following
formula was used (Sugiyono, 2022). Perception Level, Interpretation Criteria of Scores Riduwan & Kuncoro
(2015): (a) 0% —20%: Very low perception level of farmers in implementing sustainable coffee innovation based
on CSA in Situjuah Limo Nagari District, (b) 21% — 40%: Low perception level of farmers in implementing
sustainable coffee innovation based on CSA in Situjuah Limo Nagari District, (c) 41% — 60%: Moderate
perception level of farmers in implementing sustainable coffee innovation based on CSA in Situjuah Limo
Nagari District, (d) 61% — 80%: High perception level of farmers in implementing sustainable coffee innovation
based on CSA in Situjuah Limo Nagari District, and (e) 81% — 100%: Very high perception level of farmers in
implementing sustainable coffee innovation based on CSA in Situjuah Limo Nagari District

To analyze the relationship between internal factors (age, education, experience, income, land area,
access to information) and external factors (role of extension workers, role of farmer groups, innovation
characteristics) with farmers’ perceptions of sustainable coffee innovation based on CSA, the Spearman Rank
correlation analysis was used with the aid of IBM SPSS Statistics 24 software at a 5% significance level.

The hypotheses of this research are formulated as follows: HO = There is no relationship between
internal and external factors and farmers’ perceptions of implementing sustainable coffee innovation based
on CSA. H1 = There is a relationship between internal and external factors and farmers’ perceptions of
implementing sustainable coffee innovation based on CSA. A positive or negative sign indicates the direction
of the relationship. A positive sign (+) indicates a direct relationship, meaning that if one variable increases,
the other variable also increases. Conversely, a negative sign (-) indicates an inverse relationship, meaning
that if one variable increases, the other decreases. The criteria for interpreting Spearman Rank correlation
coefficients are as follows (Fitria et al., 2021): (1) 0.00 — 0.20: No correlation, (2) 0.21 — 0.40: Low correlation, (3)
0.41 - 0.60: Moderate correlation, (4) 0.61 — 0.80: High correlation and (5) 0.81 — 1.00: Perfect correlation.
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Table 1
Characteristics of Coffee Farmers in Situjuah Limo Nagari District
Characteristics Indicators Number Percentage
Age <30 6 4%
30-40 12 8%
41-50 27 17%
51-60 77 49%
> 60 34 22%
Nagari Situjuah Gadang 10 6%
Situjuah Ladang Laweh 111 71%
Situjuah Batuah 4 3%
Situjuah Banda Dalam 20 13%
Tungkar 11 7%
Education Elementary School 80 51%
Junior High School 35 22%
Senior High School 35 22%
Undergraduate 6 5%
Gender Male 106 69%
Female 48 31%
Experience 1-10 years 47 30%
11-20 years 20 13%
21-30 years 39 25%
31-40 years 38 24%
> 40 years 12 8%
Dependents <1 11 7%
1-2 98 63%
3—4 42 27%
>4 5 3%
Land Size <1ha 139 89%
1-2 ha 12 8%
>2ha 5 3%
Type of Sales Cherry 113 72%
Green bean 25 16%
Not yet harvested 18 12%
Land Ownership Own 146 94%
Rent 5 3%
Sharecropping 5 3%
Coffee Variety Robusta 139 89%
Arabica 12 8%
Arabica & Robusta 5 3%

Source: Primary Data Processed, 2025

RESULTS AND DISCUSSION

Farmers’ Characteristics

The research results on the characteristics of coffee farmers in Situjuah Limo Nagari District include age,
gender, residence, education, farming experience, number of dependents, land size, type of sales, land
ownership status, and coffee variety, is presented in Table 1.

Farmers’ characteristics are important factors in understanding the socio-economic context and
patterns of agricultural innovation adoption. Based on the survey results, several interesting findings emerged
that reflect the actual condition of coffee farmers in Situjuah Limo Nagari District.

Dealing with the age perspective, the majority of farmers are in the productive age group of 51-60
years (49%), followed by those over 60 years old (22%). Meanwhile, young farmers (<30 years) account for
only 4%. This dominance of elderly farmers is consistent with the findings of (Susilowati, 2016), who observed
that the number of young farmers in Indonesia continues to decline, while the proportion of older farmers
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increases. The distribution of farmers by nagari shows that the largest concentration is in Situjuah Ladang
Laweh (71%), while the other nagari have relatively fewer farmers. It indicates that Ladang Laweh is the main
coffee-producing center in the district. Nagari Tungkar has a long history of Robusta coffee dating back to the
Dutch colonial period, though it receives little maintenance and is only harvested twice a year.

In terms of education, more than half of the respondents (51%) only completed elementary school,
while around 5% had higher education degrees. It indicates that the formal education level of coffee farmers
in Situjuah Limo Nagari District is relatively low, which may limit their capacity to understand and adopt
agricultural innovations. Regarding gender, the majority are men (69%), though women also play a significant
role (31%) in coffee management, both at the upstream level and during post-harvest processes.

To discuss the perspective of farming experience, the researchers discover that most farmers have long
time experience, while 30% of the respondents having 1-10 years of experience and 25% of the having 21-30
years. Regarding family dependents, the majority of farmers have 1-2 dependents (63%), reflecting a moderate
household economic burden. Land size characteristics show that most farmers (89%) cultivate small plots of
field which is less than 1 hectare. It reflects the smallholder nature of coffee farming in Indonesia (Susilowati,
2016).

In terms of sales type, most farmers (72%) sell their products in form of cherry, while only 16% sell
green beans, and 12% had not yet harvested. It shows the low value-added obtained by farmers since most of
them sell merely primary products. Land ownership is dominated by self-owned land (94%), with only a small
proportion engaged in rented or sharecropped arrangements. It indicates relatively secure access to land.
Finally, Robusta dominates the coffee variety, which is (89%), while Arabica was only 8% and mixed Arabica-
Robusta 3%. This data aligns with the agroclimatic conditions of the area, which are more suitable for Robusta.
Furthermore, market demand for Robusta is higher than Arabica.

Farmers’ Perception Level of CSA

The results of this study on the perception level of coffee farmers in implementing sustainable coffee based on
CSA in Situjuah Limo Nagari District shows that, in general, farmers have a relatively high perception, average
in 68.74% of the maximum score. It supports the research conducted by Ginting et al. (2019) and Imani et al.
(2024) which discovered that farmers” perceptions of innovations in coffee cultivation were relatively high in
North Sumatra and West Lampung Regency. However, the result of research conducted by the researchers
here in Situjuah District was relatively higher compared to the similar research conducted by Irwansyah (2019)
which studied about farmers’ perceptions on organic coffee cultivation in Simalungun Regency, which was
only 51%. It indicates that most coffee farmers understand the importance of sustainable farming practices
and are eagerly prepare to adopt innovations related to CSA. Details are shown in Table 2 below.

According to the measured variables, the role of farmer groups obtained the highest score at 74.32%.
It shows that farmer groups function as an important platform for knowledge transfer, solidarity building,
and access to agricultural innovations. The income variable also scored relatively high (74.19%). It indicates
that farmers are aware of the potential welfare benefits from sustainable coffee practices. Meanwhile,
innovation characteristics obtained 73.38% score, showing that farmers perceive CSA innovations as having
clear benefits. This is consistent with the principle of relative advantage in the theory of innovation diffusion.
The more obvious the benefits, the higher the level of farmer acceptance.

Other high variables include farming experience (69.53%) and the role of extension workers (68.63%).
Farmers who have more experience tend to have a better understanding of innovation benefits, while
extension workers act as agents of change bridging technology and farmers. Access to information scored
65.13%, showing that although farmers have sufficient understanding of CSA-related information, limitations
remain in utilizing modern sources of information such as digital platforms.

Education level (65.98%) and age (66.79%) also scored high, showing that both older farmers and those
with lower education still have awareness of sustainable farming practices, although different communication
strategies were required to deliver information effectively. The lowest score came from land area (60.73%),
indicating that farmers” perceptions of CSA adoption are still influenced by limited land ownership. Farmers
with smaller plots tend to be more cautious in adopting new innovations due to production risk concerns.
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Table 2
Farmers’ Perception Level in Implementing Sustainable Coffee Practices Based on CSA
No Variable Obtained Score =~ Maximum Score Percentage (%) Criteria
1 Age 1,563 2,340 66.79% High
2 Education 1,544 2,340 65.98% High
3 Experience 1,627 2,340 69.53% High
4 Income 1,736 2,340 74.19% High
5 Land Area 1,421 2,340 60.73% High
6 Access to Information 1,524 2,340 65.13% High
7 Role of Extension 1,606 2,340 68.63% High
8 Role of Farmer Groups 1,739 2,340 74.32% High
9 Innovation 1,717 2,340 73.38% High
Characteristics

Source: Primary Data Processed, 2025

Table 3
Results of Spearman Rank Correlation Analysis
No Variables (X) -Y Correlation (r)  Sig. (2-tailed) Criteria
1 Age (X1) — Perception (Y) -0.132 0.100 No Correlation
2 Education (X2) — Perception (Y) -0.255 0.001 No Correlation
3  Experience (X3) — Perception (Y) 0.056 0.487 No Correlation
4  Income (X4) — Perception (Y) 0.569 0.000 Moderate
Correlation
5 Land Area (X5) — Perception (Y) -0.194 0.015 No Correlation
6  Access to Information (X6) — Perception (Y) 0.168 0.036 No Correlation
7 Role of Extension (X7) — Perception (Y) 0.237 0.003 Low Correlation
8  Role of Farmer Groups (X8) — Perception (Y) 0.393 0.000 Low Correlation
9  Innovation Characteristics (X9) — Perception 0.498 0.000 Moderate
Y) Correlation

Source: Primary Data Processed, 2025

Correlation of Internal and External Factors with Farmers’ Perception
The results of the Spearman Rank correlation test showed variations in the relationships between internal and
external factors (X1 to X9) and coffee farmers’ perceptions (Y) of the implementation of sustainable coffee
based on CSA in Situjuah Limo Nagari District, as presented in Table 3.

In general, several variables showed significant relationships to farmers” perceptions (Y). Income (X4)
showed a moderate, positive correlation and was the strongest among all variables (r = 0.569; sig. 0.000). It
indicates that higher income is associated with more positive perceptions on sustainable coffee adoption (HO
rejected, H1 accepted). This finding is consistent with Sutiknjo (2017), who stated that income is an economic
factor influencing perception, attitude, and participation of farmers in agricultural programs.

Innovation characteristics (X9) also showed a moderate, positive, and significant correlation with
perception (r = 0.498; sig. 0.000). It indicates that positive perceptions are formed when farmers view CSA
innovations could provide advantages (HO rejected, H1 accepted). This finding aligns with (Ritonga, 2019),
who emphasized innovation characteristics as a key factor in shaping farmers” perceptions.

Role of farmer groups (X8) showed a low, positive correlation (r = 0.393; sig. 0.000). It implies that
farmers’ perceptions of CSA adoption improve when they are part of farmer groups. Suharyanto (2017) and
Latifa et al. (2023) highlights the importance of farmer groups in influencing farmers’ decisions. While (Putra
et al., 2020) confirms that external support from groups significantly affects farmers’ perceptions. Role of
extension workers (X7) also had a low, positive correlation (r = 0.237; sig. 0.003). Effective extension services
enhance farmers’ understanding and willingness to adopt sustainable agricultural technologies (HO rejected,
H1 accepted). Padillah (2017) finds that the intensity of communication between farmers and extension
workers significantly influences perception, while Santyari et al. (2022) confirmed that extension workers
affect adoption decisions.
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Access to information (X6) shows a weak but significant positive correlation (r = 0.168; sig. 0.036). This
result suggests that better access to information, whether conveyed by extension agents or media, improves
farmers” understanding of CSA (HO rejected, H1 accepted). However, the relatively weak correlation reflects
persistent challenges in digital literacy, as supported by Putri et al. (2024), who finds a significant relationship
between digital literacy and farmers’ use of the internet as an information source.

On the other hand, age (X1), education (X2), experience (X3), and land area (X5) did not show
significant correlations with farmers’ perceptions. It indicates that differences in age, formal education level,
and farming experience do not directly affect farmers” views on CSA (HO accepted, H1 rejected). Similar
findings were reported by Kurniati (2019) and Fitria et al. (2021), whose observation indicates no significant
correlations between these variables and farmers’ perceptions of technological innovation adoption.
Ramadhani & Suciati (2024) also confirm that land area has no significant effect on farmers’ acceptance of
agricultural innovations.

CONCLUSION

Coffee farmers in Situjuah Limo Nagari District are still dominated by elderly age groups, low education
levels, small landholdings, and the tendency to sell coffee cherry. These characteristics are an important
foundation for formulating strategies for developing sustainable coffee innovations based on CSA, not only to
increase productivity but also to strengthen farmers’ capacity in facing climate change and market challenges.
Coffee farmers in Situjuah Limo Nagari District have a high level of perception in supporting sustainable
coffee practices based on CSA. However, farmers remain facing challenges, particularly regarding with digital
information access and limited land ownership. Therefore, policy interventions need to focus on strengthening
farmer groups, optimizing the role of extension workers, and improving farmers’ digital literacy so that CSA
implementation can be more effective and inclusive. Farmers’ perceptions of CSA implementation are more
strongly influenced by economic factors (income) and external institutional factors (farmer groups and
extension workers), followed by innovation characteristics, rather than internal factors such as age, education,
or farming experience. Thus, strategies to increase CSA adoption should be prioritized in improving the added
value of harvests, strengthening farmer organizations, enhancing extension services, and expanding access to
information.
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