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Sustainable agriculture involves complex interactions among social, economic, and ecological dimensions, each with distinct interests and goals. Achieving sustainable agricultural development is challenging and requires a comprehensive response. This study focuses on Indonesia’s garlic production, employing a systems thinking approach to provide a holistic understanding of the interconnected factors influencing sustainable agricultural systems. We utilized the first two steps of the five-step systems thinking methodology—problem articulation and the formulation of dynamic hypotheses. This process involved developing a causal loop diagram (CLD) to represent the dynamic hypotheses and identifying system archetypes to determine leverage and potential intervention points. Our analysis identified three system archetypes—Drifting Goals, Fixes that Fail, and Limit to Growth—as key patterns influencing the sustainability of garlic production. The Drifting Goals archetype reveals that efforts to boost local garlic stock in Indonesia are hindered by the allocation of garlic for seeds, due to the lack of a clear distinction between garlic for consumption and seed. The Fixes that Fail archetype illustrates the long-term detrimental effects of short-term agricultural practices, such as the overuse of chemical fertilizers and pesticides. The Limit to Growth archetype underscores the critical need for enhanced market access and a shift in consumer preferences to sustain garlic farming. To address these challenges, we recommend establishing clear distinctions between garlic for consumption and seed production, developing the seed industry, promoting integrated pest management, and reducing reliance on chemical inputs through environmentally friendly technology. Additionally, ensuring market and price stability is vital to maintain farmers’ interest in garlic cultivation. Therefore, the government should prioritize market penetration for local garlic and consistently enforce import restrictions to ensure the sustainability of garlic production in Indonesia.
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1 Introduction

Sustainable agriculture refers to a human endeavor that involves the production of food and fiber to fulfill the requirements of both current and future generations. It efficiently utilizes resources, prioritizes profitability and well-being, and promotes social and economic equity. It can also be interpreted as a condition of self-sufficiency over time, the ability to produce sufficient and high-quality food ingredients according to people’s tastes, and provide profitable farming for farmers. Sustainable agriculture involves the implementation of environmentally friendly technology in accordance with the carrying capacity of the environment and building a strong local economy and effective governance (Talukder et al., 2020; Zhang et al., 2021; FAO, 2022; Zhang et al., 2022). It can offer a vital contribution to poverty reduction and food security (Talukder et al., 2020; Volkov et al., 2022) as well as being key in conserving natural resources, protecting the environment, and supporting rural revitalization (Zhang et al., 2022).

Sustainable agriculture encompasses complex issues involving interactions between social, economic, and ecological dimensions. Although each of these dimensions pursues distinct interests and goals, a comprehensive approach for their holistic resolution is needed (Talukder et al., 2020; Nadaraja et al., 2021; Zhang et al., 2021). Ecological sustainability is crucial in sustainable agricultural development due to its relation to efficient utilization of natural resources, mitigation of disasters and environmental degradation, biodiversity preservation, and mitigation of greenhouse gas emissions (Sarkar et al., 2021; Zhang et al., 2021). Sustainable agriculture increases economic viability by increasing productivity and profits through promoting agricultural innovation, providing access to markets and credits for farmers, enhancing farmers’ risks management, and reducing food losses in the supply chain (Zhang et al., 2021). Sustainable agriculture improves rural social stability through farmer welfare and equitable treatment. It also improves the food security system, improves nutrition and public health (Nurmalina, 2017; Zhang et al., 2021). Gaining a better understanding of these three dimensions, including their mutual influences and trade-offs, can improve the decision-making process, thereby increasing the ability to contribute to the achievement of sustainable development goals (Gómez Martín et al., 2020).

Assessing agricultural sustainability in a way that can provide a holistic picture of the complex, interconnected, and synergistic systems among the dimensions of sustainability is necessary to determine how sustainability in agriculture can be achieved. One approach that can be utilized is systems thinking. It can provide a comprehensive view for the study of a problem with complex, dynamic, and probabilistic characteristics (Braun, 2002; Brzezina et al., 2017). Behavior structures or patterns can be holistically clarified by combining paradigms, knowledge, and tools. It can explain how the feedback mechanism works between factors that cause problems in a system and identify effective interventions to overcome these problems (Brzezina et al., 2017; Ali et al., 2021).

Various studies have applied the systems thinking approach to analyse issues within the agricultural sector, such as research on agri-food value chains in beef, chilli, garlic and mango (Alizadeh et al., 2020; Kiloes et al., 2023; Kiloes et al., 2024a; Muflikh et al., 2021), impacts of climate change on rice production (Khairulbahri, 2022), development of organic agriculture, beef farming, and rubber production system (Setianto et al., 2014; Brzezina et al., 2017; Ali et al., 2021). The systems thinking approach has also been applied in research on sustainable agriculture (Mashamaite et al., 2024). However, there remains a gap in studies that comprehensively integrate all three dimensions of sustainability—economic, ecological, and social—using this approach. This approach offers a comprehensive understanding of the behavior and performance of sustainable agricultural development systems. In this study, we use garlic production development in Indonesia as a case study due to the complexity of the issues at hand.



2 Indonesian garlic sustainable production as a case study

In Indonesia, garlic stands as a pivotal agricultural commodity essential for daily culinary preparations, food industry, and herbal medicines, characterized by its irreplaceable qualities. Due to the substantial quantities demanded, it holds the potential to exert an impact on national inflation when its prices surge (Amanda and Syaukat, 2016; Saptana et al., 2021). In 2022, the average garlic consumption per capita in households was 2.02 kg per year (Ministry of Agriculture, 2023), therefore the Indonesians’ community demand amounted to 560 thousand tons, excluding the requirements for seeds, the food industry, and herbal medicine. Statistical data shows that garlic consumption in 2022 reached 594 thousand tons (Ministry of Agriculture, 2023). However, domestic production in 2022 was 30.19 thousand tons, which only met 5% of Indonesia’s garlic demand. As a result, more than 95% was fulfilled by imports. Notably, Indonesia’s garlic imports for the same year surged to 574.21 thousand tons, valued at USD 597.8 million (FAOSTAT, 2023). This makes Indonesia the world’s largest importer of garlic, accounting for about 24% of the total global import volume (FAOSTAT, 2023). Consequently, to decrease reliance on imports the Indonesian government has taken steps to increase production through the national garlic development program since 2016. Furthermore, the government has enacted regulations regarding mandatory garlic planting for importers as one of the requirements for obtaining import permits (Kiloes et al., 2021; Sayaka et al., 2021). However, the goal to increase garlic production has not been achieved, and instead, production has tended to decline. The garlic production in 2022 was 30.19 thousand ton, decrease of 33% compared to 2021 that reached 44.64 thousand tons, and decreased 63.09% compared to 2020 that reached 81.80 thousand tons. Moreover, only approximately 30% of the mandatory garlic planting by importers was actualized in 2020 and 2021 (Sayaka et al., 2021; Indonesian Statistics, 2022).

In addition to decreases in harvested area and production volume, several issues related to sustainability dimensions also contributes as significant threats to garlic production long-term sustainability. Economically, garlic farming encounters profitability challenges, inefficient production costs, and suboptimal technical practices (Rahmawati and Jamhari, 2019; Sayaka et al., 2021; Wardani and Darwanto, 2019; Waryanto et al., 2019). These economic issues, in turn, affect the social dimension as they discourage farmers from continuing garlic cultivation and drive them to shift to other agricultural commodities. Moreover, there is a lack of enthusiasm among farmers to re-participate in garlic development programs (Sayaka et al., 2021). There are also signs of ecological sustainability issues such as improper ways in new land opening in upland areas. These actions disregard the principles of sustainable development, neglect biodiversity conservation, potentially affect regional climates, and fail to address the potential threats of erosion and landslides in the future (Cole et al., 2021; Krustiyati et al., 2021; Reside et al., 2017; Septiyan and Soemarno, 2019; Zhang et al., 2021). Furthermore, land degradation and inappropriate cultivation techniques, which do not consider climate and land capabilities, also contribute to the low productivity of garlic (Rahmawati and Jamhari, 2019; Septiyan and Soemarno, 2019; Muslim and Mulyani, 2019).

Based on the explanation above, efforts to increase garlic production in Indonesia still face complex problems. Conversely, the annual demand for garlic is experiencing an upward trend. Therefore, developing new concepts and strategies to build resilience and adaptive sustainable garlic production becomes imperative (Zhang et al., 2021). This requires a multifaceted approach that not only addresses the immediate challenges of increasing production but also incorporates long-term strategies for sustainability (Talukder et al., 2020). A resilient garlic production system ensures a reliable supply of garlic, thereby reducing dependency on imports and ensuring that garlic remains accessible and affordable. Additionally, it will also support the livelihoods of farmers and sustain production. By fostering a resilient and adaptive garlic production system, Indonesia can create a sustainable agricultural sector that not only meets the current demand but is also prepared for future challenges, ensuring long-term food security for its population.



3 Method

This study utilized two of the five steps in the systems thinking approach, focusing on the qualitative aspect. The first step, problem articulation, involves selecting a theme, defining key variables, and identifying dynamic problems. The second step, formulating dynamic hypotheses, involves constructing a causal loop diagram (CLD) derived from the initial hypothesis, key variables, reference literature, and other relevant data. Furthermore, focuses on identifying the problematic feedback loops that define the system archetypes, which is crucial for proposing effective intervention strategies. The remaining three steps—model testing, policy design, and policy evaluation—constitute the quantitative aspects of the approach and were not performed in this study (Ali et al., 2021; Kiloes et al., 2024a,b; Muflikh et al., 2021; Sterman, 2000). The workflow of the systems thinking method used in this research is outlined in Figure 1.
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FIGURE 1
 The workflow of system thinking method used in this research (Ali et al., 2021; Kiloes et al., 2024a).



3.1 Problems articulation

The problem articulation was conducted based on review of the literature and secondary data, focus group discussions (FGDs), and stakeholder interviews (Ali et al., 2021; Kiloes et al., 2024a,b; Muflikh et al., 2021). We sourced secondary data from multiple authoritative sources to analyze historical trends in garlic production and imports in Indonesia from 1996 to 2022. Production data were obtained from the Ministry of Agriculture of the Republic of Indonesia, while information on the volume of garlic imports was collected from FAOstat. This data was used to create graphical visualizations illustrating these trends over that period. These visualizations, alongside data from interviews and focus group discussion (FGD), provide a comprehensive context for understanding the identified issues.

Conducting interviews with relevant stakeholders across different levels is an effective method for identifying system issues, as each stakeholder may possess different understandings and perspectives (Sterman, 2000). Therefore, it is crucial to ensure that the sampling selection is conducted accurately. The stakeholders who were interviewed as key respondents were chosen through purposive sampling, taking into account their ability, reputation, expertise, experience, knowledge, and interest related to garlic agribusiness and production in Indonesia. A total of 60 key respondents, representing diverse stakeholders in garlic agribusiness, participated in this study (Table 1). These participants took part in in-depth interviews and focus group discussions (FGDs).



TABLE 1 Participants involved in this study.
[image: Table1]

To identify problems at the national level, we interviewed representatives from the Directorate General of Horticulture and researchers from the Horticulture Research and Development Center—two organizations under the Ministry of Agriculture that are crucial for garlic development. At the regional level, we conducted interviews with key respondents from garlic production centers in Temanggung, Magelang, and Karanganyar Districts in Central Java. These respondents included representatives from the Horticulture Division of the Agriculture and Food Department, agricultural extension officers, seed producers, and traders. We also organized FGDs in each district, involving farmers’ group coordinators who either lead farmers cultivating garlic independently or participate in both the government’s development program and the mandatory importer planting program. We conducted six Focus Group Discussions (FGDs), three FGDs in Temanggung, two in Magelang, and one in Karanganyar, with five to six participants in each FGD. These coordinators are considered capable of representing farmers, identifying issues, and providing further insights into garlic production problems.

In both the interviews and FGDs, we used the same set of questions to guide the identification of problems, their causes, and potential solutions for increasing garlic production. Key respondents were also asked about their roles in garlic agribusiness, their views on the garlic development program, and the interventions that have been made. These activities were recorded and transcribed to extract information for each sustainability dimension and indicators. Determination of sustainability dimensions and indicators were based on previous research conducted by Bathaei and Štreimikien (2023) and Puspitasari et al. (2023). The complete interview guidelines is presented in Appendix 1.

Securing ethical approval for human research is essential for any study involving human subjects, as it guarantees the protection of participants’ rights, dignity, and well-being throughout the research process (Kiloes et al., 2024b). Accordingly, we obtained institutional approval for human research ethics before commencing our study to ensure compliance with ethical standards and guidelines. This process required us to submit our research proposal to the relevant ethics committee, which thoroughly reviewed and evaluated our study to confirm its adherence to ethical principles. The ethics committee of The National Research and Innovation Agency, Indonesia, through their letter (number: 341/KE.01/SK/06/2023), approved the information sheets and consent form, detailing the purpose of the research and the rights of the participants for this research.



3.2 Formulation of dynamic hypothesis

Information obtained from the previous activities then transformed into variables that will be used in the causal loop diagram (CLD). The CLD visualizes the relationships among variables, explains the feedback structure within the system, illustrates how they are interconnected, and explains how problematic system behaviors emerge (Sterman, 2000; Saeed, 2018). System archetypes illustrate the behavior patterns of the system over time (Akers et al., 2015; Brzezina et al., 2017; Muflikh et al., 2021). CLD also function as hypotheses, forecasting how a system’s behavior might alter in response to specific changes (Ali et al., 2021). System archetypes identified from the developed CLD facilitated the identification of potential intervention points within the garlic production system that could address the concerning decline in sustainable garlic production.


3.2.1 Causal loop diagram (CLD) development

The CLD comprises of three main elements: variables, causal links, and feedback loops (Paterson and Holden, 2019). Information from interviews help to determine the variables that used in the CLD (Sterman, 2000). Variables are linked by causal links, that can explain the influences between variables represented by positive (+) or negative (−) signs. Positive signs represent where any changes in A result in a corresponding change in B. Conversely, a negative sign represents a condition where changes in A result in an opposite effect on B (Sterman, 2000). Causal links can form feedback loops. If the negative (−) causal links in the loop are an even number or all the links in the causal loop have a positive sign (+), it is referred to as Reinforcing (R). Meanwhile, if the number of negative (−) causal links in the loop is odd, it is referred to as Balancing (B). The reinforcing loop (R) shows a snowball effect, which means it increases continuously or continues to decrease, while the Balancing loop (B) demonstrates an equilibrium effect (Sterman, 2000). In this study, the CLD was constructed using Vensim®PLE.7.3.5 software (Jagustović et al., 2019; Mashamaite et al., 2024).

Within CLD, the presence of a delay mark (//) symbolizes that there is a time lag between the influence of one variable on another. It indicates that an action necessitates a specific duration to generate a subsequent reaction or impact within the system (Brzezina et al., 2017; Gómez Martín et al., 2020). Additionally, variables enclosed in angle brackets represent ‘shadow variables,’ which are duplicated versions of an existing variable to prevent overlapping causal links. Shadow variables only have an influencing function, but are not influenced.

The development of CLD started with developing three different CLDs representing submodels of each sustainability dimensions. These CLDs facilitated a better understanding of how indicators in each sustainability dimension influence the performance of garlic production. Subsequently, these three CLDs were merged into one comprehensive CLD, illustrating the entire sustainable garlic production system.



3.2.2 System archetypes identification

The next phase is identifying system archetypes to inform recommendations for improving the performance of sustainable garlic production in Indonesia (Sterman, 2000; Muflikh et al., 2021; Kiloes et al., 2023). System archetypes are visual descriptions of common and repetitive system structures (Branz et al., 2021; Braun, 2002). Analyzing system archetypes can facilitate the identification of the system’s leverage points and determine potential intervention points (Braun, 2002; Senge, 2006; Branz et al., 2021). The relationship between the behavior and the structure will be clarified by identifying system archetype behavior over time, which can be graphed or expressed in a narrative. This enables the proposal of effective, well-defined generic solutions to resolve the undesirable archetypical behavior (Brzezina et al., 2017).





4 Results and discussion


4.1 Problem articulation

We have organized the problems identified through interviews and discussion with key respondents, complemented by a review of pertinent literature, into the three dimensions of sustainability (ecology, economy, social). In each dimension, we included their respective indicators and defined the problems. The classification of indicators into their respective sustainability dimensions followed the frameworks proposed by Puspitasari et al. (2023) and Bathaei and Štreimikien (2023). In the ecological dimension, the variables encompass elements that impact the garlic cultivation environment and, conversely, how garlic cultivation affects the environment. The economic dimension focuses on variables related to the profitability of garlic farming, including technological factors that significantly contribute to increasing productivity and efficiency. In the social dimension, the indicators include institutional and policy variables aimed at enhancing farmer well-being and ensuring the garlic needs of the community are met. The group of problems identified can be seen in Table 2.



TABLE 2 Problems in Indonesian garlic production grouped based on the sustainability dimensions and indicators.
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Respondents identified imported garlic as a major factor contributing to declining garlic production in Indonesian production centers. This observation aligns with Figure 2, which illustrates the trend. In 1996, Indonesia achieved garlic self-sufficiency, producing 152,421 tons from 21,896 hectares, with imports accounting for less than 10% of demand (Ministry of Agriculture, 2020). However, garlic imports started to rise after free trade implementation in 1998, and the ASEAN-China Free Trade Area (ACFTA) agreement in 2006, with a 0% import duty rate on garlic, led to a significant increase in garlic imports in 2008, surging by 25% compared to the previous year (Yovirizka and Haryanto, 2020). The dominance of imported garlic in the domestic market can be attributed to its superior appearance, which has larger bulb and clove size, and comparatively lower price. Consequently, imported garlic flooded the Indonesian market, displacing local garlic and negatively impacting local farmers’ businesses, as prices plummeted. This situation led farmers to switch to more profitable crops, resulting in a decrease in the area of garlic cultivation in Indonesia (Kiloes et al., 2024a; Sayaka et al., 2021; Septiana et al., 2022).
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FIGURE 2
 The gap between the production and import of garlic in Indonesia from 1996 to 2022 (Indonesian Statistics, 2022; FAOSTAT, 2023).


Garlic imports in Indonesia steadily rose by an average annual growth rate of 9.99% from 1996 to 2022, even after import restrictions were introduced in 2013. The import volume increased almost tenfold from 59.89 thousand tons in 1996 to 574.21 thousand tons in 2022. In contrast, garlic production declined over the same period, with a decrease in harvested area until 2018. However, production in 2019 saw a significant increase due to a garlic development program, reaching 88.82 thousand tons from 12,280 hectares. Despite this, production levels remained below 1996 levels, resulting in continued reliance on garlic imports (Indonesian Statistics, 2022). This inconsistency in import restrictions has led to a growing gap between garlic production and import volumes.



4.2 Formulation of dynamic hypothesis

The developed CLD provides insights into the system’s behavior and system archetype identification serves as a valuable tool for identifying leverage factors and long-term consequences of policies (Braun, 2002; Senge, 2006; Muflikh et al., 2021; Kiloes et al., 2023). The determination of the intervention points from the identified leverage factors is significant because it ensures that the interventions are not misdirected and avoid unintended consequences (Braun, 2002; Muflikh et al., 2021). These intervention points represent opportunities for implementing structural changes that can achieve sustainable alterations in the garlic production system’s behavior.


4.2.1 Ecology subsystem

The CLD that represents the ecology subsystem is presented in Figure 3. It explains planting area and productivity as factors that influence Indonesian garlic production, including all indirect influencing factors. Planting areas were negatively influenced by the conversion of agricultural land to non-agricultural purposes. Conversely, the land suitability for garlic and new land opening has a positive effect on the garlic planting area. On the other hand, productivity is influenced by soil fertility, pests, diseases, and climate.
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FIGURE 3
 Ecological subsystem of garlic production in Indonesia.


Several feedback loops including two reinforcing (R1–R2) and three balancing (B1–B3) loops were identified. Farmers use chemical fertilizer as a source of nutrients to improve soil fertility, to supports plant growth and increases productivity. The decrease in garlic productivity due to decreased soil fertility was overcome by applying of chemical fertilizers (B1). However, the excessive application of chemical fertilizers, beyond recommended levels, can lead to long-term soil compaction and degradation, which ultimately reduces garlic productivity (R1). This aligns with previous research indicating that these practices adversely affect critical soil properties, including permeability, drainage, aeration, water availability, nutrient absorption, and overall plant growth (Massah and Azadegan, 2016; Kusumarini et al., 2020). Many farmers who do not adopt recommended improved farming practices often rely excessively on chemical pesticides. This reliance manifests in frequent pesticide spraying as a preventive measure against pest attacks. Additionally, when faced with declining productivity due to pests and plant diseases, farmers tend to increase pesticide application frequency, disregarding recommended doses (B2). These findings substantiate previous studies by Rahmawati and Jamhari (2019) and Wardani and Darwanto (2019), which observed similar trends. In some cases, farmers mix multiple chemical pesticides without considering the active ingredients. The accumulated use of chemical pesticides over time can lead to pests developing resistance. This resistance, in turn, can increase pest populations, the emergence of secondary pests (resurgence), and the unintended killing of natural enemies (Rahmawati and Jamhari, 2019), which will eventually attack the plant and its productivity (R2). Balancing loop B3 showed that, the accumulated use of chemical pesticides also leads to environmental pollution, especially in soil. The active ingredients found in pesticides can affect the nutrient balance or soil acidity, ultimately resulting in a reduction in soil fertility and plant productivity (Kusumarini et al., 2020).

Land degradation from erosion, particularly prevalent in upland garlic cultivation areas, is exacerbated by farmers constructing beds along slopes. Some farmers have implemented erosion-mitigation measures, including using plastic mulch, crop rotation, intercropping, planting grass and deep-rooted crops, and building terracing. While plastic mulch offers various benefits like water conservation and erosion control, cost and environmental concerns arise. Biodegradable plastic mulch adoption can address these issues, preserving productivity and reducing environmental pollution (Sharma and Bhardwaj, 2017).

Another ecological factor contributing to recent declines in garlic yield is climate anomalies, such as El Niño and La Niña, which result in smaller bulbs due to adverse weather conditions. Previous research supports this finding, indicating that low productivity in garlic is partly due to inadequate adjustment of cultivation techniques to local climate and land conditions (Rahmawati and Jamhari, 2019). Additionally, shallow root systems contribute to smaller garlic sizes by making the crop sensitive to water shortages during bulb formation, leading to decreased production (Adiwijaya et al., 2022; Harmanto et al., 2021). Rain-fed farmers without irrigation are especially vulnerable to these climate conditions.

Climate conditions, especially excessive rainfall, will also harm productivity. Our research found that excessive rainfall decreases the amount of sunlight and increases humidity. Since garlic requires 12–14 h of sunlight for optimal growth, the reduction in sunlight during the rainy season will negatively impact garlic’s optimal growth (Septiyan and Soemarno, 2019). In addition, high humidity due to rainfall condition can cause problems in bulb ripening and suboptimal bulb formation caused by diseases (Harmanto et al., 2021). Under such circumstances, farmers opted to conduct early harvesting to mitigate significant losses. However, this practice can lead to several storage-related issues, such as bulb softening and shrinking, hollow bulbs, rot, budding, root growth, and mold growth. These problems impacted the quality of garlic that is intended for use as seeds and consumption (Lestari et al., 2020).



4.2.2 Economic subsystem

The economic subsystem describes the interplay of economic variables that influence the sustainability of garlic production (Figure 4). There are six balancing loops (B4–B10) and one reinforcing loop (R3) identified in the economic subsystem.
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FIGURE 4
 Economic subsystem of garlic production in Indonesia.


Garlic production increases the local garlic stock which can affect both market prices and farm-gate prices. The selling price of garlic plays a crucial role in determining farmers’ profits. When farmers experience high profits, they can reinvest some of these earnings as capital to expand their planting areas in the next season. This expansion leads to higher production levels (B4). The increase in planting area affects production input costs and, as a result, has a direct impact on farmers’ capital (B5).

Enhancing market access for local garlic would result in increased sales, leading to less stock in the market. According to economic principles, this reduction in supply should drive up the price. However, when the price of local garlic increases, it becomes less competitive against imported garlic, leading to reduced market access as consumers will choose cheaper garlic (B6). Despite the oversupply of local garlic during the main harvest period, the steady demand throughout the year, coupled with the abundant supply of imported garlic, can lead to a decline in local garlic prices. This, in turn, impacts farmers’ profits, influencing their ability to continue producing local garlic (B7). The national supply of garlic is highly dependent on its import. Otherwise, the volume of imported garlic can affect national garlic stocks because approximately 93% of garlic demand is met by imports (B8), which dominates the market share of garlic in Indonesia. Consequently, the price of imported garlic influences the national garlic price, which in turn affects regional market prices and farm gate prices (Adila et al., 2022; Sayaka et al., 2021).

The demand for garlic seeds in development programs often results in a reduced supply of garlic available for the market (B9). This shortage occurs because there is often no clear distinction between garlic intended for consumption and garlic reserved for seed use, leading to a prevalence of lower-quality garlic in the market, as the higher-quality bulbs are primarily used for seed purposes. However, many farmers prefer to sell their garlic as seeds rather than for consumption, as the price for seeds is higher, and seed traders provide market assurance, reducing the risk of unsold products. Despite the high demand, the availability of seeds for development programs remains insufficient. This scarcity has led to an increase in garlic seed prices; for instance, in 2018, the price of seeds jumped by 40% from the usual rate. This, in turn, affects input costs and can impose a financial burden on farmers, especially those not involved in garlic development programs (Kiloes and Hardiyanto, 2019), which can result in a decrease in planted area and production (B10). To expand the planting area and mitigate these challenges, there is an urgent need to accelerate the application of quality improvement technology and mass multiplication of garlic seeds. Ultimately, the planting area of garlic by farmers is highly dependent on the availability of seeds, and any shortage can lead to decreased local garlic production and availability (R3).

The CLD indicates that several factors drive the rise in domestic garlic consumption in Indonesia. Firstly, it is attributed to the increase in population and higher per capita consumption levels. Additionally, the growth of the tourism industry has led to a greater demand for garlic in hotels, restaurants, cafes, and street food vendors. Moreover, the expansion of the domestic food and herbal medicine industries has increased the use of garlic as a raw material. Consequently, this surge in consumption has resulted in a significant rise in the volume of garlic imports. Furthermore, the volume of garlic imports is also influenced by global prices and import tariffs (Adila et al., 2022).

The economic subsystem incorporates a technological dimension that significantly increases productivity and efficiency. According to previous studies, to increase their income, farmers must effectively manage their land and enhance their knowledge and skills in sustainable agricultural practices (Komalawati et al., 2024). Technological variables play a crucial role in supporting the achievement of sustainable garlic production. Implementing Good Agricultural Practices (GAP) and employing advanced seed technology for garlic is expected to yield several benefits, including productivity improvement, higher quality bulbs, competitive pricing, and increased farmer profits, driven by greater market acceptance.

Despite potential advancements, the average garlic productivity in 2022 was only 7.2 tons per hectare, falling short of the government’s target of 8 tons per hectare and significantly lagging behind China’s 26 tons per hectare (FAOSTAT, 2023). However, research on double-fold production technology has shown promising results, achieving yields exceeding 20 tons per hectare. This technology also produces bulb sizes comparable to imported garlic, with diameters greater than 4 cm (Hariyanto et al., 2022). To address this productivity gap, it is essential to intensify efforts to disseminate and increase the adoption of this high-yield technology among farmers. Currently, the uptake of advanced garlic cultivation techniques is insufficient to enhance productivity and improve technical efficiency. Developing and applying suitable technologies will require sustained efforts and time to positively impact the overall system.



4.2.3 Social subsystem

The social subsystem includes institutional and policy variables. Institutional variables encompassing financial and marketing institutions that play a pivotal role in facilitating the growth of the garlic agribusiness sector. While policy variables, such as government development programs and mandatory planting program for importers, also contribute to the increasing of garlic production. In this subsystem, five balancing loops (B11–B15) and two reinforcing loops (R4–R5) have been identified (Figure 5).
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FIGURE 5
 Social subsystem of garlic production in Indonesia.


The government has initiated garlic development programs in response to low garlic production. These programs aim to enhance productivity through several key strategies. First, the role of agricultural extension officers has been expanded to provide farmers with assistance in cultivation techniques (B11). Agricultural extension officers not only facilitate the management of development programs but also aid in transferring new technologies and support farmers in the process of adopting these innovations (Puspitasari et al., 2023). Second, the government provides inputs subsidy and production facilities (B12), which include seeds, fertilizers, mulches, and tools. These initiatives are expected to increase productivity and, subsequently, overall production.

Feedback loop R4 illustrates how garlic development programs enhance farmers’ engagement in these initiatives. The provision of subsidies significantly increases farmers’ interest in participating. To optimize the effectiveness and efficiency of these programs, assistance is distributed through established farmer groups. Additionally, forming new farmer groups is encouraged to expand the area planted with garlic and increase production (B13). Furthermore, farmers’ interest in garlic farming can impact competition with other crops, particularly shallots. By providing attractive support for garlic production, the program helps ensure that farmers continue to cultivate garlic rather than switching to other vegetables, thus maintaining the land area dedicated to garlic farming (B14). It is challenging for Indonesia to manage the land shortage for garlic cultivation due to competition with other crops (Kiloes et al., 2024a).

This social variable is closely tied to consumer preferences for local garlic. Our observations show that currently, the demand for local garlic is low due to its perceived lower quality compared to imported garlic. Consequently, local garlic faces challenges in entering the domestic market, leading to decreased motivation among farmers to cultivate it. If there is high market demand, farmers will be encouraged to persist in garlic cultivation and expand their planting area. This is related to a previous study conducted by Puspitasari et al. (2023), which states that the two most critical social factors for sustaining garlic production are farmers’ interest in growing garlic and consumer preferences.

Furthermore, the program advocates for the establishment of marketing institutions and off-takers, which play a crucial role in the distribution chain of garlic produced by farmers. These entities either use the garlic as seeds or supply it to industries, restaurants, hotels, and exporters. The primary goal of these initiatives is to provide market guarantees and stabilize the prices of locally produced garlic. Off-takers not only act as guaranteed buyers but also extend capital loans in the form of production inputs, which farmers can repay at harvest time. This support is expected to significantly enhance farmers’ interest in garlic cultivation (B15). As noted by Kiloes et al. (2024a), securing price stability and market certainty is key to enhancing farmers’ motivation to grow garlic. However, interview findings reveal that the current performance of off-takers remains suboptimal. Therefore, government evaluation and ongoing improvement are necessary.

Within the social subsystem, a reinforcing feedback loop (R5) is identified. The expansion of garlic planting areas encounters constraints related to the availability of agricultural labor. Currently, there is a decline in the agricultural labor force, and the labor itself has become relatively expensive. This condition is common in developing countries, where there is a decline in agricultural labor as jobs diversify away from agriculture towards non-agricultural fields. This underscores the need for coordinated initiatives to hasten the adoption of farm mechanization, thus partially replacing labor (Li et al., 2019; Srivastava et al., 2020).



4.2.4 Final causal loop diagram of sustainable garlic production in Indonesia

The final CLD integrates all three subsystems, depicting the interplay among ecological, economic, and social variables to constitute a sustainable garlic production system. The formation of the new CLD has resulted in the emergence of four additional loops. These loops consist of two balancing loops (B16-17) and one reinforcing loop (R6), as visually represented in Figure 6.
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FIGURE 6
 The final CLD of sustainable garlic production in Indonesia.


Feedback loop B16 illustrates how the profitability of garlic farming incentivizes farmers to continue growing garlic. When farmers find garlic farming profitable, they often expand their garlic cultivation area, usually by reallocating land from other crops. This expansion leads to a competitive dynamic where the profitability of garlic reduces the competition for land with other commodities. The previous study indicated that farmers’ motivation to plant garlic declined because they found it unprofitable; the local garlic prices could not compete with those of imported garlic. Consequently, many farmers have shifted to cultivating other, more profitable commodities (Kiloes et al., 2024a,b; Puspitasari et al., 2023).

The implementation of mandatory garlic planting for importers creates another feedback loop. This policy requires importers to produce garlic domestically, amounting to 5% of the volume they import. Essentially, the more garlic importers bring into Indonesia, the more they are obligated to cultivate garlic locally. As more farmers engage in garlic cultivation, local production and availability of garlic are expected to increase. Over time, this should lead to a gradual reduction in the volume of imported garlic, thereby decreasing the country’s reliance on imports (B17). Previous studies have noted that farmers show a strong interest in participating in partnerships through the mandatory importer planting program. This interest is driven by several factors, including seed and capital assistance (Kiloes et al., 2021). However, it has been observed that the enforcement of this regulation has been inconsistent, leading to some importers not fulfilling their obligations.

The R6 feedback loop indicates that understanding market or consumer preferences drives research efforts to enhance the quality of local garlic by adopting various cultivation technologies. These technologies will result in quality garlic improvements that align with consumer preferences. Consumers in Indonesia prefer imported garlic, as their features superior size and shape compared to local garlic, making it more convenient for processing. Additionally, the industry favors large garlic bulbs with uniform proportions (Kiloes et al., 2024a). Therefore, the government should encourage the development of technology to produce local garlic of comparable quality to imported varieties.




4.3 Systems archetypes of the sustainability of Indonesian garlic production

We have identified system archetypes depicting the behavioral patterns of the garlic production system over time from the comprehensive CLD. There are nine commonly recognized system archetypes that express patterns of behavior in the system (Braun, 2002; Senge, 2006). Specifically, in this study we have identified three system archetypes, ‘Drifting goals,’ ‘Fixes that fail,’ and ‘Limit to growth.’


4.3.1 Drifting goals

The archetype Drifting goals help to explain the impact of falling expectations. The difference between the desired result (goal) and actual performance is called the gap. This gap can be resolved in two ways: by taking corrective actions to achieve goals or by lowering goals; however, over time, lowering goals will reduce performance (Branz et al., 2021; Braun, 2002). The drifting-goal archetype for Indonesian garlic production, illustrated by the linkage of the feedback loops B17 and B8, is shown in Figure 7A. The drifting goal archetype in achieving sustainable garlic production in Indonesia can be explained as efforts to increase local garlic stock to reduce import dependency and fulfill the needs, are constrained by the garlic allocated for seed. The constraint arises from the lack of a clear distinction between garlic production for consumption and seed. To expedite production by increasing planting areas, the government lowers the production targets for consumption and prioritizes the allocation of seeds. According to Kiloes et al. (2024a), Indonesian government has imported garlic seeds from various countries to be planted in Indonesia. Although these plants grow well, they are unable to produce bulbs, leading to a continued reliance on locally produced seeds.

[image: Figure 7]

FIGURE 7
 (A) Drifting goal archetype for Indonesian garlic production; (B) proposed intervention to address drifting goal for Indonesian garlic production.


Leverage intervention points depend on the provision of garlic seed stock. Hence, the initial step in government intervention involves establishing a clear distinction between areas designated for seed production and those allocated for garlic consumption. Furthermore, establishing specialized institutions or engaging the private sector in garlic seed breeding, and collaborating with farmers in nursery development, are crucial for building a robust seed industry (Figure 7B). Through a monitoring process within this collaboration, high-quality certified seeds can be generated. Within this industry, seeds should be produced following prescribed procedures and quality standards, leading to enhanced garlic productivity.

To expand garlic cultivation and support sustainable production in Indonesia, it is essential to enhance the seed industry’s capacity, and invest in research and development for superior garlic seeds. To meet the rising demand for seeds, research institutions should prioritize technologies like Somatic Embryogenesis (SE) for rapid seed propagation (Wardana, 2016). Additionally, developing and mass-producing high-quality local garlic varieties with large bulbs and cloves is crucial to satisfy consumer preferences for imported-like varieties. Improving location-specific cultivation practices can unlock the full potential of these superior varieties.



4.3.2 Fixes that fail

The Fixes that fail archetype refers to the attempt to address a problem through short-term fixes, that initially appear effective and might solve the problem in the short term. However, this attempt can also lead to unforeseen conditions that produce unintended consequences in the long term that worsen the original problem (Branz et al., 2021; Braun, 2002). This archetype illustrates a progressively deteriorating scenario in which the initial symptoms of a problem are exacerbated by the applied solution. The presence of a reinforcing loop (R), which contains a delay, contributes to the steady deterioration of the problem symptoms (Braun, 2002; Senge, 2006). Within the context of developing garlic production in Indonesia, we identified of two distinct patterns of the Fixes that fail archetype. These patterns specifically involve the accumulation and utilization of chemical pesticides and chemical fertilizers.

The fixes that fail archetype pattern, which connects feedback loops B1 and R1, shows that the accumulation of chemical fertilizer use over a certain period causes land degradation. This degradation leads to a decrease in plant productivity (Figure 8A). In this case, managing soil fertility is the key leverage point. To address the issue of fixes that fail related to the excessive use of chemical fertilizers, we propose promoting the adoption of GAP. This approach encourages farmers to apply balanced fertilization tailored to the specific needs of their crops and soil conditions. Application of organic fertilizers to enhance soil structure and quality (Figure 8B). Additionally, the implementation of crop rotation techniques can be beneficial strategy (Dara, 2019), particularly with leguminous plants that significantly increase soil nitrogen cycling and availability, which lead to plant productivity (Gou et al., 2023). Organic fertilizers play a crucial role in the formation of a land absorption complex, thereby augmenting the cation exchange capacity and enriching soil nutrients, which ultimately improves soil fertility (Kusumarini et al., 2020).
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FIGURE 8
 (A) Fixes that fail archetype for Indonesian garlic production; (B) proposed intervention to address ‘fixes that fail’ associated with the accumulation use of chemical fertilizer.


The second fixes that fail archetype, which describes the relationship between feedback loops B2 and R2, indicates that the accumulated use of chemical pesticides over a certain period contributes to decreased productivity due to increased resistance to pests and diseases (Figure 9A). The leverage factor is in handling pest and disease attacks. Therefore, to address these challenges, the proposed intervention is to implement an integrated pest management (IPM) strategy alongside disease control measures utilizing organic pesticides. IPM represents an approach to pest management that ensures economic feasibility, social acceptance, and environmental safety. Cultural control methods, such as implementing plant rotation with non-host or tolerant plants, can effectively disrupt the cycle of pests and diseases. Biological control methods involve harnessing natural enemies, such as predatory organisms, to combat pests. Additionally, behavioral control measures, including the use of traps, can help regulate pest populations (Dara, 2019). By employing these comprehensive approaches, the management of pests and diseases can be effectively carried out in a sustainable and environmentally friendly manner (Figure 9B).
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FIGURE 9
 (A) ‘Fixes that fail’ archetype for Indonesian garlic production; (B) proposed intervention to address ‘fixes that fail’ involving the accumulation use of chemical pesticides.


This study’s identified fixes that fail archetype highlights sustainability issues within the ecological dimension, potentially impacting the social and economic dimensions. Mitigating excessive chemical use requires shifting farmers’ mindsets and practices towards environmentally friendly garlic cultivation techniques based on GAP. This can be achieved through comprehensive support and guidance. Enhancing the capacity of agricultural extension officers to assist farmer groups is essential for better access to information and fostering collaboration. Additionally, adopting environmentally friendly cultivation technology, which includes ensuring the balanced use of chemical inputs, is crucial for achieving the goal of increasing productivity while upholding health and environmental sustainability.



4.3.3 The limit to growth

The limit to growth archetype illustrates a strengthening growth loop. The more effort is applied, the more performance increases, and then more effort is applied. As growth continues, a balancing cycle emerges driven by external limiting conditions or resource constraints. These conditions create limiting actions that reduce performance and limit the amount of growth that may occur (Branz et al., 2021; Braun, 2002). This pattern shows that positive reinforcing behavior is always accompanied by balancing processes that will eventually limit efforts put into driving growth (Brzezina et al., 2017).

In the Limit to growth archetype, which involves feedback loops R4 and B14, the presence of garlic development programs is expected to elevate farmers’ interest in cultivating garlic. These programs have not been able to increase market access due to the abundance of production (Figure 10A). The proposed interventions, as illustrated in Figure 10B, recommend that the government enhance market access for local garlic by strengthening the role of marketing institutions and off-takers. The second intervention to overcome the continuous problem in the limit to growth archetype is by performing extensive promotional efforts. This is important because, consumer’s long-standing preferences for imported garlic over the past 20 years poses a significant challenge in shifting consumption towards local garlic. Key respondents and several previous studies have emphasized that local garlic possesses an aroma and spiciness that surpass imported garlic, despite its less attractive appearance (Hariyanto et al., 2022; Septiana et al., 2022). Highlighting these advantages are expected to stimulate consumer preferences, then enhancing the competitiveness of local garlic in the domestic market.
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FIGURE 10
 (A) ‘Limit to growth’ archetype for Indonesian garlic production; (B) proposed intervention to address ‘Limit to growth’ enhancing farmers’ interest in garlic farming.


The third intervention can be proposed is by leveraging local garlic processing into products such as seasoning paste, powder, or fried forms. Since fresh local garlic is less desirable, the consumption of processed local garlic should be encouraged. In an era where people prefer practicality, using ready-made garlic seasoning can be attractive. Such processed products are not only convenient for consumers but also have a broader market appeal. Additionally, there is an opportunity to establish small-scale industries specializing in the development of processed garlic products, which can also serve as off-takers. Therefore, the government needs to support the development of a household or small-scale garlic processing industry and can also initiate cooperation with large industries. Policies should favor small-scale enterprises establishing garlic processing units in production hubs. Public-private partnerships, supported by the research and development sector, will provide better opportunities (Bondre et al., 2017).

This research highlights the significance of maintaining farmers’ interest in garlic cultivation to enhance sustainable production. The government should support farmers by ensuring price and market guarantees. Previous research concluded that to encourage garlic production, farmers will be motivated if there is high market demand and favorable local garlic prices (Sayaka et al., 2021). For the majority of Farmers, garlic is not the primary commodity but rather a secondary crop intercropped with other vegetables, as monoculture garlic farming is economy unviable (Septiana et al., 2022). Consequently, implementing a price stabilization policy becomes necessary, ensuring that the selling price of garlic remains affordable for consumers while providing a fair return for farmers to sustain their cultivation efforts (Yovirizka and Haryanto, 2020; Saptana et al., 2021; Sayaka et al., 2021). Consequently, implementing a price stabilization policy becomes necessary, ensuring that the selling price of garlic remains affordable for consumers while providing a fair return for farmers to sustain their cultivation efforts (Yovirizka and Haryanto, 2020; Saptana et al., 2021; Sayaka et al., 2021).





5 Conclusion

Research on sustainable agricultural production with a system thinking approach has yet to explicitly be carried out, especially regarding interactions and synergies between sustainability dimensions. Nevertheless, the systems thinking approach has effectively provided a holistic picture of issues in increasing garlic production sustainability in Indonesia, which takes into account complex interplay of ecological, economic, and social sustainability variables. Additionally, the dynamic hypothesis generates three system archetypes; drifting goals, fixes that fail, and limit to growth. This process reveals fundamental problems within the garlic production system in Indonesia, leading to the identification of leverage points and potential interventions for the system.

The drifting goal archetype is identified, stemming from efforts to increase local garlic stock and reduce import dependency. The absence of a clear distinction between garlic production for consumption and seed exacerbates constraints. Government intervention involves establishing this distinction, prioritizing garlic seed production through developing the seed industry. Collaborative efforts with assisted farmers, advancements in seed propagation technologies (such as Somatic Embryogenesis), and involvement of research institutions are crucial for enhancing seed industry productivity. To meet consumer preferences, focus is needed on developing garlic varieties with traits similar to imported garlic. Governmental efforts should prioritize superior seed varieties and cultivation techniques aligned with Good Agricultural Practices (GAP) to achieve sustainable garlic production in Indonesia.

Fixes that fail archetypes show that an ecological aspect that threatens the sustainability of production is the accumulation of chemical pesticides and chemical fertilization in a certain period which causes severe environmental damage and reduces plant productivity. To address these challenges, it is necessary to provide assistance in the form of environmental-friendly technology, such as carrying out integrated pest management (IPM). Additionally, mitigating excessive chemical input use requires a shift in farmers’ mindsets and practices. This shift can be facilitated through comprehensive support and guidance on garlic cultivation techniques based on GAP, emphasizing environmentally friendly technologies. The adoption of such technologies, including balanced chemical input use, is crucial for improving productivity, efficiency, and competitiveness in local garlic production. This not only aligns with sustainability goals but also ensures the production of high-quality garlic, contributing to the overall development of garlic production.

The increase in garlic production is not solely related to the growth in planting area and productivity, it is closely related to the factors of sustainability production which must be developed. The research demonstrates the interconnectedness of economic and social variables, with each aspect mutually reinforcing the other. The findings of limit to growth archetype indicate that, the sustainability of garlic production is dependent on the interest of farmers to continue cultivating garlic. This interest is rationally influenced by the profit obtained. To ensure a comprehensive and adaptive approach, the government should not exclusively focus on increasing production (upstream) but also prioritize efforts in marketing (downstream). The proposed interventions include strengthening the role of marketing institutions/off-takers and intensifying efforts to promote the superiority of local garlic. This adaptive effort involves encouraging the consumption of local garlic in processed forms. Moreover, building resilience and adaptive sustainable garlic production, along with the assurance of market and price certainty, significantly impact the continuous profitability and business sustainability of farmers and stakeholders.

These intervention points are expected to improve the existing garlic production system, making it more effective in achieving sustainable garlic production, which will ultimately support sustainable agricultural development.

While our systems thinking approach has offered a holistic view of the challenges in achieving sustainable garlic production in Indonesia, the proposed interventions remain qualitative and lack quantifiable metrics. This study specifically focuses on garlic production centers in Java, whereas other regions in Indonesia also hold significant potential for contributing to the national garlic supply. To develop a more comprehensive understanding of sustainable garlic production across Indonesia, future research should extend beyond Java and incorporate quantitative methods. This will allow for a more thorough assessment and implementation of sustainable practices across the country’s diverse agricultural landscapes.
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Dimensions  Indicators Definition of problems

Ecology Land suitability Risk of improper new land opening. Difficultis in finding suitable new land opening at an alttude above 1,000m. The existing land has been planted with other horticultural commodities
Soil fertility Decreasing soil fertility
Chemical fertilizers Farmers use chemical ertilizers based on their customary practices rather than following recommended guidelines, and measurement of soil nutrient requirements.
Pests and diseases attack Caterpillar attack and root disease which lead to endemic
Chemical pesticides Chemical pesticides utilization based on farmers' customary practices (ex: mixing various pesticides).

Water availability Most of farmers rely on rain-fed irrigation and do not have an rrigation system

Land degradation (erosion)  Farmers build beds along the contour without comprehending the importance of land conservation

Climate anomalies Climate anomalies cause a decrease in productivity. EI Nino causes stunted growth and even plant death, an increase in thrips pests, and suboptimal bulbs formation. La Nina causes an
increase in disease attacks and rotten bulbs.

Economy Productivity “The productivity remains low, still below its potential target
Quality product (local garlic) “The lack of a comparative advantage

Low-quality garlic (small bulb)

Input costs High input costs and inefficiency (especially in labor and pesticide components)
Selling price Uncertainty in selling price as i relies on the buyers (farmers as price takers). The price of garlic is influenced by supply and the price of imported garlic. Usually,the selling price s low.
Farmer’s capital Insufficient capital as farmers depends on the profitability of previously cultivated crops

Lack of access to financial resources
Planting area Planting area depends on the farmer's capital and seed availability

Competition with other crops

Consumption rate Relatively low rate of local garlic consumption even in production center
Import Market saturation due to high and increasing import volume of garlic

Dependence on subsidies Relatively high dependence on government subsidies due to high production costs

Risk level “The risk level i significantly high, primarily due to factors such as climate change, low selling prices, limited market access, extended marketing chains, and inadequate knowledge and

adoption of Good Agricultural Practices (GAP)
Marketing No market guarantees
“The scope of farmers' markets typically encompasses local markets.
Market access through local trader
No market alternative as they still relying on the seed market
Seeds “The use of uncertified and low-quality sceds
Unavailability of seed propagation technology
Unavailability of seed dormancy-breaking technology
Cultivation “The diffculty to adopt good farming practices for productivity improvement
Unavailability of bulbous enlargement technology
Low capacity of farmers” to adopt good farming practices
Lack of irrigation technology
Post-harvest Farmers'lack of expertise in postharvest and storage technology

Inadequate storage facilities

Social Labor Limited and expensive agricultural labor, particularly in development areas
Farmer’s welfare Insufficient well-being among garlic farmers
Interest and willingness of Low interest in garlic farming due to price uncertainty
farmers

Farmers” perception that garlic is not a superior commodity

Competition with other Intense comp

ition with other commodities (especially with vegetables) due to the relatively unprofitable and long harvesti

g age of garlic.

agricultural commodities Income from other commodities greatly determines farmers” decisions to continue planting garlic
‘The effectiveness of farmer  Less managerial capabilty of farmer groups
groups “The lack of farmer groups” involvement in capacity building and the advancement of garlc farming

Weak institutional consolidation at the farmer level

Financial institutions Microfinance institutions for smallholder capital that have not been established
Marketing insttutions Marketing insttutions at the farmer level that have not been formed

Extension service and Insufficient knowledge and skill of extension officers regarding garlic commodities
assistance Lack of Agricultural extension officers

Consumer preferences Less preference for local garlic

Agribusiness Off-takers Ineffective role of the off-takers

(purchase guarantors)

Implementation of garlic Low-quality of seed from government programs
development programs. Distribution of production input assistance that is unsuitable for the planting season
“The production input assistance did not align with the needs in terms of type and amount

Diffiulty in obtaining suitable areas for garlic cultivation due to land scarcity in upland

Import rules Inconsistent implementation o

port rules. Previously, importers were required to engage in mandatory planting before obiaining an import permit, but now they are allowed to import

first and subscquently fulfill the mandatory planting requirement. However, this condition hasled to instances where

nporters default on their obligation to plant
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Staffs of the Directorate 2 Jakarta
General of Horticulture,

Indonesian Ministry of

Agriculture

Researchers from the 2 Bogor
National Research and

Innovation Agency
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Agricultural extension 2 Magelang
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Focus group discussion
Garlic farmer group 17 Temanggung
coordinators 12 Magelang
5 Karanganyar
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