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Abstract: Coffee production has been substantial to the Indonesian economy. The increase
in both domestic and global coffee consumption provides the opportunity for a rise in
income of coffee farmers. However, the Indonesian coffee production system is facing
many challenges, which include low productivity, high fluctuation in production, social,
economic and environmental issues. These challenges are attributed to climate change and
variability. To harness sustainable coffee production, these challenges should be overcome.
In this review, the current status and challenges faced in Indonesian coffee production
will be highlighted, while emphasising the impact of climate change and variability,
and possible solutions to these challenges will be proposed, i.e. the implementation of
climate-smart agriculture (CSA) in the Indonesian coffee production system. The majority
of coffee producers in Indonesia are unable to reach optimal production because of very
low fertilisation doses, traditional cultivation, which is compounded by the use of local
clones characterised by low productivity, and the impact of climate variability. The major
economic challenge was identified to be a lack of financial access to formal credit, while
the major social challenge was low farmer capability. The complex and diverse challenges
of coffee production require approaches that integrate environmental, economic, and social
challenges. Implementing CSA in the coffee production system in Indonesia seems to be
the most appropriate approach to address these challenges since it can synergise increasing
productivity and farmers’ income, implementing adaptation and mitigation of climate
change and increase farmer capability and credit access.
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Introduction plantations of about 1-2 hectares (Byrareddy,

Coffee is one of Indonesian’s main agricultural Kouadio, Mushtag, & Stone, 2019).

commodities. Currently, Indonesia is the third-
largest coffee producer and exporter in the
world. In 2018, Indonesian coffee plantation
covered a total area of approximately 1,241
million hectares, involving 896.932 million
hectares (75.4%) of Robusta (Coffea canephora)
plantations involving 1.23 million farmers, and
354.582 million hectares (24.6 %) of Arabica
(Coffea arabica) plantations involving 542,027
farmers (Directorate of Plantation, 2019). More
than 90% of total plantations are cultivated by
smallholder farmers who own relatively small

Indonesian per capita consumption is rising
rapidly. In 2013, the amount of Indonesian
coffee consumption per capita was 1kg /capita/
year (AEKI, 2019), with the current domestic
consumption rate of 8% per year (IDH, 2014),
while the global consumption rate is 2.01%
per year (ICO, 2017). Increasing consumption
rate and demand provide an opportunity for
coffee farmers in Indonesia. Moreover, the
development of coffee production also provides
more benefits for economic development as a
source of the country’s stock exchange, regional
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development, agribusiness and agro-industry
drivers, an increase in employment rate, and
poverty alleviation. In addition to economic and
social benefit, coffee plantations also provide
benefits for environmental conservation,
especially shaded coffee farm (Supriadi, 2015;
Supriadi & Pranowo, 2016; Hayyun et al., 2018;
Iskandar & Partasasmita, 2018 ).

To exploit the opportunities mentioned
above, the coffee production system in
Indonesia is facing various challenges,
including low productivity, high fluctuation of
annual production, declining productivity trend,
environmental degradation, and other socio-
economic problems. The Indonesian smallholder
coffee productivity and quality levels are low,
according to international standards, which
calls for the need to boost productivity in the
sector (Wahyudi & Jati, 2012; Sarirahayu &
Aprianingsih, 2018) both in consuming and
producing countries to implement sustainability
program. This paper describes the result of a
study to evaluate the challenges of sustainability
coffee certification in Indonesia. Coffee
producers in Indonesia mainly are smallholders
with relatively low income, low education and
skill. Number of problems in the production of
coffee bean such as low productivity, unstable
price and increase in consumers’ requirement
bring them into a dilemma that they shall
continue to produce coffee, but they also have
to stand in the risk of poverty. Sustainability
program which is lead to certification to show
that the farm and its supply chain confirmed
with certain requirement resulting a big
question mark, whether producer can get benefit
from the program such as getting incentive
price (premium). The significant year-to-year
fluctuation in coffee productivity threatens the
livelihood of coffee farmers. During the periods
of low productivity, consistent and adequate
earnings of most farmers are not secured by the
coffee production.

Consequently, farmers do not have
sufficient funds to finance the adoption and
application of more enhanced technology for
their farming practices. Some of the problems
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faced by coffee productions in Indonesia
have drawn coffee farmers into a dilemma of
whether they can continue to produce coffee
or shift their crops (Wahyudi & Jati, 2012)
both in consuming and producing countries to
implement sustainability program. This paper
describes the result of a study to evaluate the
challenges of sustainability coffee certification
in Indonesia. Coffee producers in Indonesia
mainly are smallholders with relatively low
income, low education and skill. Number of
problems in the production of coffee bean such
as low productivity, unstable price and increase
in consumers’ requirement bring them into a
dilemma that they shall continue to produce
coffee, but they also have to stand in the risk of
poverty. Sustainability program which is lead to
certification to show that the farm and its supply
chain confirmed with certain requirement
resulting a big question mark, whether producer
can get benefit from the program such as getting
incentive price (premium). This dilemma serves
as a serious issue for the sustainability of the
country’s coffee production.

The challenges encountered in coffee
production are further compounded by the
impact of climate variability and change. Climate
change and variability have led to declining
and fluctuations in the coffee production trends
(Camargo, 2010; Zullo ef al., 2011; Chengappa
& Devika, 2017; Syakir & Surmaini, 2017,
Pham et al., 2019). Coffee, being a perennial
crop, is very sensitive to climate conditions,
and most of the coffee species are cultivated
on rain-fed areas that are more susceptible to
climate variability (Gunathilaka et al., 2018).
Some climate variability that influence coffee
production are rainfall intensity and distribution,
temperature and dry periods (Coffee & Climate,
2015). Cultivation activities need to be adjusted
to climate wvariability to achieve potential
productivity.

In the future, climate change will serve as
the main obstacle to the development of coffee
due to the extreme sensitivity of coffee plants
to climatic conditions and has a long lifespan.
Therefore, appropriate strategies should be
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developed to ensure the adaptability of the
coffee plants since shifting the crop is associated
with high upfront capital costs. The climate
change and variability impose complex issues
for the development of coffee in Indonesia, and
especially considering that 90% of Indonesian
coffee farmers are smallholder farmers whose
capacity to deal with the effects of climate
change is significantly low (Directorate of
Plantation, 2019).

Numerous options and measures to achieve
adaptability of coffee have been identified.
Jowever, the adoption level of the technologies
at the farm level is still very low (Yuliasmara,
2016; Syakir & Surmaini, 2017). Itis exacerbated
by the limited access of most farmers to climate
information, markets, technology, credit,
and climate risk management information.
Policymakers, stakeholders, and farmers should
enforce the accelerated adaptation process
because the challenges of climate change
will continue to exist. One comprehensive
acceleration effort is through the development
of climate-smart agriculture (CSA) for the
coffee production system. CSA encourages the
development of sustainable farming systems
through farming practices and approaches to
increase productivity and income, increase
farmers’ adaptation capacity, and develop low
emissions farming systems to cope with climate
change (FAO, 2013a). In contrast to conventional
farming systems, CSA integrates climate change
into the farming system, especially in seeking
synergy to integrate adaptation and mitigation
efforts (Campbell et al., 2014; Lipper et al.,
2014; Thornton et al., 2018).

This paper provides an overview of
the challenges and barriers of the coffee
production system in Indonesia, the impact
of climate variability and climate change on
coffee production and explores the need to
promote CSA-based coffee production systems
in Indonesia as an approach to develop more
sustainable coffee production systems.
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Coffee Production Challenges in Indonesia
Low Productivity

The main challenge of coffee production in
Indonesia is low productivity. The national
average stood at only 677 kg/ha for Robusta and
774 kg/ha for Arabica (Directorate of Plantation,
2019), while the potential productivity for
Robusta is 1600-3700kg/ ha and for Arabica
is 1800 kg/ha (Prastowo et al., 2010). The
current productivity is only 60% of the potential
production (Wahyudi & Jati, 2012). This
productivity is far below Brazil’s and Vietnam’s
coffee productivity, which ranges between 1.5-
2.5 tonnes/ha (Figurel). Productivity remained
low due to environmental, socio-economic
factors, institutional, and farm management
challenges. For instance, most of the coffee
production in Indonesia is still traditionally
cultivated, characterised by the use of local
clones that have low productivity and not
intensively managed (Hafif ez al., 2013).

Furthermore, very low fertilisation doses
to not fertilise coffee plants contribute to the
incapability of the majority of coffee farmers
in Indonesia to reach optimal production levels.
For instance, coffee farmers in Indonesia
applied Nitrogen fertiliser with doses 4 of 4-93
kg/ ha, while recommendation doses is 135
kg/ha. (Byrareddy et al., 2019). In addition to
the described challenges, climate factors also
contribute to Indonesia’s low coffee productivity
(Neilson, 2013). The cultivation activities need
to be adjusted to climate variability to boost
coffee productivity.

Social and Economic Challenges

The economic challenges of low productivity
result in low income for coffee farmers. The
high fluctuations of annual production have a
very significant impact on the income of coffee
farmers, whose livelihood relies only on coffee
farming (monoculture farmer). There are 96%
of smallholder coffee farmers who cultivated
coffee as a monoculture farm (Wahyudi &
Jati, 2012). These monoculture farmers are
economically more vulnerable to production
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Figure 1: Indonesian coffee productivity among major competitor countries
(Data source: FAOSTAT)

dynamics and climate change (Altieri et al,
2015). As a result, coffee is not perceived as a
lucrative plantation.

A lack of access to financial services is
another major economic challenge facing coffee
farmers (Sartika & Karyani, 2018). Access
to improved management and technology
application requires high input cost, which
prevents coffee farmers from accessing the
services and remaining as victims of low
productivity. This aspect reveals that to boost
coffee productivity, not only does it require
technical support, but also attention on the
social and economic aspects. The accessibility
to the formal sources of credit has proven to be
effective in contributing towards the increase of
coffee farmers’ income in Aceh Province (Iski &
Kusnadi, 2016).

Different social and institutional constraints
also disrupt coffee production efficiency. These
constraints include a lack of education regarding
to the field of work, resulting in inadequate
knowledge and skills necessary for effective
and efficient agricultural techniques (Sartika &
Karyani, 2018). Agricultural extension services
play an important role through knowledge
and information access to strengthen farmers’
capacity and knowledge in CSA (Olorunfemi

& Oladele, 2019)the role of extension agents
in scaling up the utilization of Climate Smart
Agricultural Initiatives (CSAI). However,
nowadays, the performance of extension
institutions in Indonesia tends to decrease.
Decentralisation, which has been implemented
since 1999, has proven to be disastrous for
agriculture extension institutions. The existence
of this institution has been marginalised at
the district and provincial levels. It caused a
weakening of extension capacity and influence
of agriculture performance (Listiana ef al.,
2018).

Coffee farmers across Indonesia do not have
access to a reliable extension system (Neilson,
2013). The weakening extension role in the
transfer of agriculture technology to farmers
causes low levels of technology adoption. This
incapability of farmers to adopt good agronomic
management and practices, such as mulching,
pruning, fertilising, and irrigation, has threatened
coffee productivity.

Environmental Challenges

Coffee plantations in Indonesia are mostly
located in communal, rain-fed, and mountainous
areas. Hafif et al. (2013) revealed that coffee
plantations in Indonesia, particularly in
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Lampung province, which is a major province
for coffee production in Indonesia, are cultivated
in acidic and dry soils. Soil acidification is a
potentially serious issue of concern regarding
land degradation. In the absence of proper
soil treatment, soil acidification can have a
major impact on agricultural productivity and
sustainable farming systems.

Coffee grown in marginal bioclimatic
conditions is more vulnerable to environmental
stressors, particular stressors imposed by climate
variability and change (Damatta & Ramalho,
2006). As a climate-sensitive perennial crop,
climate variability and climate change are likely
to be the main environmental issues in coffee
production (Craparo et al., 2015). Therefore,
assessment and identification, the extent of the
climate-driven impact on coffee production,
will be of vital importance to improve coffee
productivity and the sustainability of coffee
production in Indonesia.

The Impact of Climate Variability and
Change on Coffee Production

The Impact of Climate Variability

Climate variability is a major determinant of
plant growth and development (Leng et al.,
2016). Also, climate factors affect almost one-
third of variability of agricultural production
(Ray et al, 2015) and crop productivity is
strongly influenced by global climate oscillations
in almost two-thirds of the world’s agricultural
regions (Heino et al., 2019).

Several studies on the impact of climate
variability on coffee production were reported
by Tucker et al. (2010), Akinseye & Vincent
(2013), Jayakumar & Rajavel (2017) Dula (2018)
and Pham et al. (2019). These studies reported
that climate variability have a direct influence
on coffee production, pest, disease and drought,
while rainfall intensity, rainfall distribution and
temperature are climate variables that affect
coffee production systems.

Analysing the spatial and temporal climate
variability on coffee production may reveal
the different aspects of climate factors, which

include how they affect production, extension,
and assessing their potential economic loss. This
information is essential for adaptation strategy
planning.

Many adaptation strategies and options
for coffee production have been revealed in
literature. However, most of these approaches
did not clearly show the quantitative measure
of the extent to which they can minimise the
impacts of climate variability (Pham et al,
2019). The different climate adaptation options
for the coffee production system include the tree
and shade system, integrated pest management,
diversifying system, soil and water conservation
at the plantation level, and forest conservation
(Verburg et al., 2019). The cultivation calendar
is one of the adaptation options to climate
variability that has the potential to produce results
if applied to coffee production. A cultivation
calendar provides information on cultivation
activities based on climate conditions. The
cultivation calendar for one year of production
can facilitate and assist farmers in applying
effective agronomic practices. But to date, the
cultivation calendar for coffee production in
Indonesia is not yet available. The development
of this calendar has the potential to significantly
increase productivity and maintain production
stability throughout the production season since
this calendar considers climate variability.

Climate variability in Indonesia is mostly
influenced by the monsoon season (intra-annual
factor), EI-Nino southern oscillations (ENSO)
(Aldrian & Susanto,2003; Arrigo & Wilson,2008)
and the Indian Ocean Dipole (I0D) (Mulyana,
2002; Arrigo & Wilson, 2008; Hendrawan et al.,
2019). ENSO is one of the climate variability
indicators that have been studied intensively
in Indonesia, particularly on the influence of
ENSO on agricultural production (Arrigo &
Wilson, 2008; Heino ef al., 2018). Information
on the influence and impact of inter-annual
climate indicators, such as ENSO and IOD, on
coffee production provides relative assistance
towards effective decision-making processes in
activities necessary for high productivity, based
on ENSO/IOD predictions. In the production of
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rice, a seasonal crop, the consistent information
on ENSO was used in management strategy, and
this approach significantly benefited farmers
(Boer & Surmaini, 2019).

The influence of ENSO on coffee production
in Indonesia was reported by Supriadi (2015),
Fitria Yuliasmara (2017), and Syakir & Surmaini
(2017). El Nino events were reported to have
an effect on coffee production in East Java.
During that season, a drop of 5-20% in coffee
production was reported. Adverse effects of El
Nino were also reported in other countries, such
as India (Jayakumar et al., 2017) and Colombia
(Bastianin et al., 2018). In Columbia, ENSO
influenced not only coffee products, but also the
prices of the commodity.

Climate variability also causes a shift in
coffee phenology (Workie & Debella, 2018).
Understanding the impact of climate variability
on the coffee phenology shift in main production
areas could be useful in developing a dynamic
coffee calendar based on climate forecast.
The adjustments in cultivation activities are
anticipated to reduce fluctuations in annual
production.

The Impact of Climate Change

The impact of climate change on coffee
production include the decline of coffee
production (Camargo, 2010; Davis et al., 2012;
Jaramillo et al., 2013; Iscaro, 2014; Craparo et
al., 2015; Laderach et al., 2017), decrease in
the quality of coffee (Laderach et al., 2017),
increased pest and disease outbreak and
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distribution (Jaramillo et al., 2011; Avelino et
al., 2015; Magrach & Ghazoul, 2015; Groenen,
2018) and changes in climate suitability.
Numerous studies on climate suitability for
coffee in coffee-producing countries have been
conducted in Indonesia (Schroth et al., 2015),
Nicaragua and Mexico (Laderach et al., 2017),
Ethiopia (Davis et al., 2012; Moat et al., 2017),
Nepal (Ranjitkar et al., 2016), Latin America
(Imbach et al., 2017), Uganda and Tanzania
(Rahn et al., 2018), East Africa (Jaramillo et
al., 2013), Puerto Rico (Fain et al., 2018) and
globally (Bunn ef al., 2015; Ovalle-rivera et al.,
2015). These studies revealed that in the future
(2050), the projected area suitable for coffee
plantations would be reduced. Furthermore, the
impact of climate change on the economic and
social vulnerabilities of coffee farmers is also
anticipated to increase.

Most of studies on the impact of variability
and climate change on coffee production have
been conducted in Latin America for Arabica,
while studies for Robusta in Southeast Asia with
special emphasis on Indonesia and Vietnam is
still limited (Pham et al., 2019).

The historical data on coffee productivity in
Indonesia for the period 1961-2015 is shown in
Figure 2. In summary, Figure 2 shows that coffee
productivity in Indonesia tends to decline as
time progresses. Yet, there is no comprehensive
study discussing the main cause of declining
productivity. Qualitatively, Sujatmiko and
Thsaniyati (2018) reported that climate change
is the main cause of the decline in productivity.
To the best of our knowledge, no studies have
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Figure 2: National coffee productivity of Indonesia for the period 1961-2015
(Source: FAOSTAT)
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yet to quantitatively investigated the impact
of climate change on coffee production in
Indonesia. Contrary to the findings of the
previous research, Rosiana, (2019) attributed
the decline in productivity to the age or period
the coffee trees were cultivated in plantations,
which was more than 25 years.

Coffee is a perennial crop with a long
lifespan. Therefore, the projections of climate
suitability of coffee plantation would assist
in selecting a new plantation area for future
coffee development. The future sustainable
development of coffee production should
consider information on climate suitability
to reduce yield losses due to climate stress.
This information is also very important for the
preparation of other adaptation strategies, such
as the direction of developing varieties, etc.
Climate suitability of the coffee areas can also
affect the sustainability of the Indonesian coffee
production system in the future.

CSA for Sustainable Coffee Production

Many studies attest that various coffee production
challenges are attributed to climate variability
and climate change. These challenges need
immediate attention to reduce the risk of coffee
production sustainability being threatened.
Thus, the assessment of the sustainability
or status of coffee production should be of
major concern. In Indonesia, the sustainability
assessment mostly focus on the supply chain
of the commodity (Neilson, 2008, 2013; Astuti
et al., 2012; Arifin, 2014; Jaya et al., 2014;
Jaya et al., 2014; Astuti et al, 2020), while the
assessment of sustainability production system
is still limited. Coffee production systems must
be transformed towards a system that is able
to increase in productivity, be able to adapt to
variability and climate change, and not cause a
negative impact on the environment.

CSA is an approach proposed by FAO
in 2010 to build the main pillar as follows: 1)
increasing productivity and income, 2) adapting
and building climate change resilience, and
3) reducing or even removing emissions

of greenhouse gas relative to conventional
practices (FAO, 2013a). To achieve the three
main pillars, CSA integrates economic, social,
and environmental dimensions of sustainable
farming system through a farming practice
approach. In contrast to conventional farming
systems, CSA integrates climate change in
farming systems, specifically seeking out
opportunities to integrate adaptation and
mitigation efforts (Lipper et al., 2014).

Increasing coffee production through
the expansion of new coffee land is no longer
economically and environmentally possible.
Then, it is necessary to transform the coffee
production system. CSA is proposed as an
approach for transforming and reorienting
the production system in response to climate
risks (Nyasimi et al., 2014). CSA is not a new
technology, butrather an approach for integrating
various interventions across production systems,
landscapes, supply chains, regulations, and
policies (Lipper et al., 2014). CSA emphasises
prioritisation of a range of technology options
on the locally suited production system and the
range of CSA intervention is wide, including
soil, water management, protection, carbon,
financial support and building capacity.

Torquebiau et al. (2018) mention that
the success of CSA requires innovative
policies, practices, and financial support, and
it needs interdisciplinary research. The main
challenges involved in implementing CSA
are identification of the situation, economic
valuation, setting technological priorities, and
models for investment (Andrieu et al., 2017,
Thornton et al., 2018) resulting in more frequent
dry years. The national economy is vulnerable
to climate change due to 50% of the gross
domestic product coming from the agricultural
sector and 75% of the population living in rural
areas. The Climate-Smart Agriculture (CSA).
Some of the methods and approaches that have
been used to develop priority strategies in CSA
include cost-benefit analysis (CBA) (Campbell
et al., 2014; Andrieu ef al., 2017), participatory
(Khatri-Chhetri, 2017; Mwongera et al., 2017,
Andrieu et al., 2019 Khatri-Chhetri et al,

Journal of Sustainability Science and Management Volume 16 Number 7, October 2021: 347-363



Yeli Sarvina et al.

2019), life-cycle assessment (Acosta-Alba et al.,
2019; Andrieu et al., 2019), and multi-criterion
decision-making and analytical hierarchy
processes (Brandt ez al., 2017).

Since FAO introduced it in 2010, CSA
has been widely implemented, especially in
the food crops subsector. Khatri-Chhetri et
al. (2016) reported that CSA in rice farming
in India provided greater profits. Empirical
evidence shows that the implementation of CSA
can increase rice productivity. Implementation
of CSA for annual cocoa crop production in
Ghana was shown by Akrofi-Atitianti et al.
(2018), in which CSA practitioners gained
29% higher income per ha of cocoa compared
with the conventional production system.
Environmentally, CSA was proven to have a
positive impact on greenhouse gas mitigation.
Other success stories of CSA implementation
have been documented, for instance, by FAO
(2013b) and Nyasimi et al. (2014).

CSA for sustainable coffee production
requires study and assessment to select
technology priorities. Brounen et al. (2019)
implemented CSA in coffee production as a
series of technology practices, that include
(1) increased density of coffee trees, (ii)
climate resilient varieties, (iii) better soil
management, (iv) optimised shading, and (v)
improved wastewater management. Therefore,
implementing CSA in Indonesian coffee
production system needs further studies.

Potential and Challenges of Implementing
CSA in Indonesian Coffee Production System

There is an approximately a 40% coffee
productivity gap in Indonesia. Various research
on how to increase coffee productivity have
been conducted. Yet the proposed strategies
seem like a partial approach. Sarirahayu and
Aprianingsih (2018) conveyed some strategies
to improve coffee productivity, including
fair trade certification, increasing technology
adoption and intensive farmer training. The
technological and financial aspects were not
considered in this strategy. The discussion
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above has shown that climate variability and
change are environmental challenges leading to
low coffee productivity, unstable production and
declining productivity. An efficient technical
approach is required to develop proper strategies
for climate variability and change. Furthermore,
the production challenge was reported to be
hampered by economic and social issues.
The major economic issue is formal financial
support, while the social aspect is concerned
with how to increase farmer capability. As
CSA presents itself as a holistic strategy, this
approach seems to be appropriate to improve the
coffee production system in Indonesia.

Various adaptation options and
measurements to climate change and variability
have been identified (Table 1). This option
is divided into three groups, including land
conservation, water conservation, and crop
conservation (Supriadi, 2015). Unfortunately,
the adaptation options that use climate and
weather information do not exist yet. Climate
and weather forecasting has become crucial
for cultivation decision-making due to the
increasing climate variability as an impact of
climate change.

Most of the coffee production in Indonesia
comes from smallholder farming, which
encompasses a wide range of bioclimatic and
geographical varieties and diverse cultivation
methods. Therefore, to improve coffee
productivity, it requires site-specific strategies.
CSA emphasises prioritisation of a range
of technological options on a locally suited
production system.

Coffee plantations also have a great
opportunity to play a key role in carbon
sequestration by implementing a coffee-based
agroforestry system. Supriadi and Pranowo
(2016) found that a farmer has practiced a coftfee-
based agroforestry system in various regions in
Indonesia. Coffee-based agroforestry systems
provide several benefits namely (1) land and
water conservation, and biodiversity, (2) addition
of soil nutrients, (3) control of microclimate, (4)
carbon sequestration, (5) suppression of pests
and diseases, and (6) increase in farmer income.
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Table 1: Various adaptation and measurements of climate change and variability

Land Conservation

Crop Conservation

Water Conservation

. No-tillage and alley
cropping (lijima et al.,
2003)

. Land conservation

(Robertson et al., 2000)
nitrous oxide, and methane.
From 1991 to 1999, we
measured gas fluxes and
other sources of global
warming potential (GWP).

. Organic mulch
(Sinkeviciené et al.,2009;
Bekeko, 2013)

. Rorak (F Yuliasmara, 2016)

Variety development (Van
der Vossen et al., 2015)
costs of production are
much higher, mainly due to
more stringent demands for
soil and climatic conditions,
crop management, primary
processing and control of
several pests and diseases
including the potentially
very destructive coffee leaf
rust (CLR).

Shaded coffee (Supriadi &
Pranowo, 2016; Iskandar et
al., 2018)

Agroforestry (Dariah et al.,
2005; Hafif et al., 2013)

Pruning (Youkhana & Idol,
2009; Dufour et al., 2019)
Hypothenemus hampei
(Ferrari).

Cover crop (Jurgen Pohlan
et al., 2008; Santos et al.,

1. Water harvesting (Irianto,

2000; Hamdani & Talaohu,
2016)

. Irrigation and drainage

system (Tesfaye Shimber
etal.,2013; Scalco et al.,
2014; Perdona & Soratto,
2015) in most cases,

there is shortage of water
resources for irrigation
during prolonged dry
spells. Therefore, this
study was conducted with
the objective of developing
an effective irrigation
management strategy,
which could minimize the
adverse effect of drought
on coffee production, save
water and improve water
use efficiency of this crop.
Two deficit irrigation
techniques: partial root
zone drying (PRD).

2016)

Nowadays, programmes and efforts to
reduce emissions are of great concern to the
government and scientists. Hence, CSA should
be considered for implementation in coffee
production. Research on the development
of CSA-based coffee production systems
has become very important and strategic
in maintaining the sustainability of coffee
production in Indonesia.

The success of CSA will be largely
determined by the information obtained from the
ground or grassroots level of coffee production,
i.e. in the field. Therefore, the implementation
of CSA in the coffee production system requires
identification of the situation and the condition
of the system, which include biophysics, social
and economic aspects (Thornton et al., 2018).
The impact of climate variability and change on

a coffee production system should be identified
at a farming level, i.e. in coffee plantations.
These kinds of studies, in coffee plantations,
are still lacking in Indonesia. The availability
of data, coupled with the quality of agronomic
and biophysics data, could influence agro-
climatology research in Indonesia.

The improvement of farmers’ capability
and knowledge is still constrained by the unclear
existence of agricultural extension institutions.
Local governments should put effort and invest
in developing and improving the extension
role in agriculture development. Moreover, the
capacity of extension workers must be improved,
specifically on specific climate and weather and
how they can be applied to agronomic practices.
Most of the agricultural extension services in
Indonesia focus on food crops, while there is
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less concern for horticulture and plantation
crops. Agricultural extension officers in the
main coffee plantation area should also have
specific and adequate knowledge of main coffee
production.

Prioritising practices present a special
challenge to CSA, including what climate-smart
related to practices and technology and CSA
technology need to be assessed regarding the
three main pillars (productivity, adaptation and
mitigation). Decision-making processes will be
crucial to identifying technologies, practices and
policies.

CSA must be developed with a pilot project.
Farmers will learn more quickly by being in
direct contact with the technologies as they are
conducting farming practices. The development
of this pilot project requires funding and policy
support from the government.

Conclusion

The main challenges involved in coffee
production in Indonesia are low productivity
with high production fluctuation, climate
variability and climate change, low capital and
credit access, and low capacity of farmers. The
complexity and diversity of coffee production
challenges require site-specific  approach.
Applying CSA on the coffee production system
Indonesia appears to be the most appropriate
approach to address the challenges since it pays
attention to increasing productivity and income,
as well as adaptation and mitigation measures.
Moreover, CSA integrates economic, social
and environmental dimensions of sustainable
farming systems.

The application of CSA in the development
of coffee production systems in Indonesia faces
several challenges, including the limited studies
on climate variability and climate change impact
on coffee production in Indonesia, extension
services issues, quantity and quality of data,
policy, financial support and coordination
among research institutions, local governments,
and extension institutions. Therefore, in-depth
research on climate change and its diverse
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impacts needs to be conducted. Prioritising
CSA practices in the main coffee plantation area
needs to be assessed by involving all related
stakeholders, namely farmers, agricultural
extensions,  research institutions, local
governments, and the private sector.
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