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A B S T R A C T   

Rice is a major source of carbohydrates worldwide. As the global population increases, its annual 
consumption also increases. Using the high-quality seeds, rice productivity can be enhanced. 
However, increasing seed access and availability is a major concern. This study aimed to map rice 
seed production and distribution in Indonesia and determine the challenges. It was carried out in 
10 provinces in Indonesia from May to December 2022. These provinces are the centers of rice 
production in Indonesia. Primary (survey, focus group discussion, and key informant interviews) 
and secondary data collection methods were used. Results showed that producer capacity and 
production are closely related to institutional type, where legal institutions are more powerful in 
terms of knowledge, competency, and market. Almost all seed producers produced the extension 
seed class. The specific locations, agroecology, and rice consumer preferences affected the variety 
produced. Seeds were produced with good management, as shown by the adequacy of informa
tion types and sources. Furthermore, a free market is a sustainable strategy for selling seeds. The 
main challenges for seed rice production and distribution in Indonesia include encouraging 
appropriate resource management and planning (human, infrastructure, and financial) in the seed 
sector and increasing the linkage of seed stakeholders, such as research institutions, seed certi
fication agencies, producers, and the government. A rapid and appropriate response to these 
challenges can increase seed availability for producers.   

1. Introduction 

Rice (Oryza sativa L.) is an important source of carbohydrates worldwide [1,2], and its consumption increases as the population 
grows [3,4]. Owing to population increase, more rice needs to be produced to meet the rising demand. The rice productivity in 
Indonesia must be increased to preserve the nationwide supply; however, the productivity between rice production on Java Island and 
that on other islands differs. A total of 468 regency/city rice production sites and 176 regencies/cities produce more than 5 ton ha− 1 of 
rice, whereas other sites produce less than 5 ton ha− 1 [5]. The national rice productivity in Indonesia is approximately 5.2 ton ha− 1 [6], 
and the rice productivity outside Java, Kalimantan, Sulawesi, and other islands is lower than the national productivity. Using 
low-quality seeds may be the reason for low rice productivity in Indonesia [7,8]. Low seed quality can reduce crop production [9]. In 
the last 5 years, the rate of using quality seeds at the farm level has been approximately 60 % [10]. 

Seeds are a crucial factor affecting plant production [11,12] and are a medium for technology dissemination [13]. New varieties 
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have been a major contributor to global crop production increase over the last 25 years [14]. New crop varieties have been developed 
to provide farmers with the seeds of cultivars that are adaptable to specific environmental or management conditions to achieve the 
best yield and quality [15]. Seed is an important input for crop production that offered a bridge the plant genetic potential from 
breeder. The prompt delivery of seeds is an essential aspect of agricultural success, having a direct impact on seed viability and, as a 
result, crop yield [16]. 

Seed availability is crucial to address the sustainability of supply and food security [17]. Seed access is an important factor in crop 
production [18] and is supported by more complex production factors such as fertilizers and pesticides [19]. Seed producers and 
distributors make important contributions to seed systems. They play a key role in meeting seed demand and greatly contribute to 
increasing the seed supply through seed production, diversification of varieties in large quantities, and seed delivery to farmers [20]. 
According to the Republic of Indonesia, Law No. 22, 2019 “Sustainable Agriculture System,” this country has a formal seed system 
regulated by The Directorate General of Crop Seed, Ministry of Agriculture. This system has four subsystems: research and develop
ment for new varieties and technology, seed production and distribution, seed certification and quality control, and supporting 
subsystems (financial, infrastructure, human resources, institutional, and government regulation). 

The seed certification program recognizes four classes of seed in Indonesia: breeder, foundation, stock, and extension seeds. The 
breeder, foundation, and stock seed classes are the source seeds in Indonesia, whereas the extension seed class includes the commercial 
seeds. Indonesia has a wide agroecology; thereby requiring a specific variety for cultivation. However, currently, not all high-yielding 
varieties released can be adopted by seed producers or farmers. The availability of source seeds that were spread could not be 
determined. Furthermore, seed production and quality control institutions are not optimal, and not all farmers use high-quality or 
certified seeds. Recently, some seed producers have not accessed source seeds. Hence, this study aimed to map the production and 
distribution of commercial rice seeds in Indonesia and identify their challenges. 

2. Materials and methods 

2.1. Site study 

The research was conducted from May to December 2022 in across various locations strategically chosen to represent clusters 
characterized by differing levels of agricultural advancement. These clusters were determined based on key indicators encompassing 
planting area, harvest area, seed production planting area, seed needs, and seed production data from the year 2019. Based on the 
results of the regional cluster (Fig. 1), 10 provinces were identified: West Java, Central Java, and East Java (Cluster 1); Lampung, South 
Sulawesi, and South Sumatera (Cluster 2); and West Sumatra, Yogyakarta, Banten, and West Nusa Tenggara (Cluster 3). 

2.2. Data collection 

This study used primary and secondary data. Primary data were collected through surveys, focus group discussions (FGD), and key 
informant interviews (KII), whereas secondary data were collected from the Ministry of Agriculture of the Republic of Indonesia, 
Provincial/District/City Agricultural Offices, Institute for Agricultural Technology Studies (IATS), Indonesian Center for Rice Research 
(ICRR), and seed certification agencies (SCAs). 

2.2.1. Pretested questionnaires 
The seed producers and distributors were surveyed using a pretested questionnaire that was designed to capture information 

related to the producer and distributor profiles, seed sources and varieties, production capacity, seed prices, adoption of new and 
improved varieties, market types, and challenges in seed production. 

Fig. 1. Cluster determination of regions based on agricultural progress.  
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2.2.2. Focus group discussion and respondent 
FGDs were conducted in research provinces involving farmers, seed producers and traders, Provincial/District/City Agricultural 

Offices, IATS, ICRR, SCA, and farmer groups. The selection of respondents and the number of respondents interviewed in the survey 
were based on the results of FGD conducted in each province in the research area. Table 1 summarizes the details of the number and 
area of respondents interviewed, and Fig. 2 shows a map of the survey area. 

2.2.3. Key informant interviews for in-depth interviews 
In-depth interviews were unstructured interviews designed to gather information about the experience, interpretations, under

standing, and reactions to a particular phenomenon in seed system stakeholders in Indonesia. It is usually open ended, inviting 
stakeholders to discuss seed systems in Indonesia. Stakeholders included research institutions, seed producers and distributors, SCAs, 
and seed regulation officers. Table 1 summarizes the details of KII for the in-depth interviews. 

2.3. Data analysis 

Data were processed and analyzed using descriptive and correlational analyses. We used descriptive analysis to describe the dis
tribution of each research variable, including producer characteristics, variety diversity, new variety adoption, access to seed sources, 
marketing type, and seed production planning. The relationships between variables were defined through correlation analysis using 
SAS OnDemand for Academics (https://www.sas.com/en_id/software/on-demand-for-academics.html). 

3. Results and discussions 

3.1. Institutional, capacity, and production 

In several rice production centers in Indonesia, a survey was conducted on 33 seed producers/distributors with different numbers of 
producers/distributors (Table 2). The business entities of the seed producers/distributors were mostly individuals (48.5 %), limited 
companies (39.4 %), farmer groups (6.1 %), and government agencies (6.1 %). A high percentage of individual seed producers indicate 
that the seed business process runs well at the farm level. Production capacity owned by producers based on production facilities in the 
form of owned land ranges from 6 to 8000 tons/year. Production capacity positively correlated with production realization (data not 
shown). The production realization of each producer highly depends on market control and capital, ranging from 4 to 7000 tons/year. 

The capacity of seed producers can be seen in terms of technical, organizational, and management capacities [21]. One of the most 
important factors affecting production capacity is the size of the production land. Land size can influence seed production and is closely 
related to a person’s innovative nature [22]. Producers with large landholdings are more responsive to innovations. Responsiveness to 
innovation leads to increased capacity and production. The distribution of the capacity and production of rice seed producers was 
divided into five scales (Table 3). Rice seed producers with a capacity of >250 tons/year accounted for 56 % and production of >250 
tons/year accounted for 44 %. We also found seed producers with a production of <10 tons/year, approximately 18 % of the total 
producers. 

The rice seed producers in Indonesia produced stock seed and extension seed classes (Table 3). They mostly produced the stock seed 
class (65 %), but approximately 12 % of them produced two seed classes simultaneously. Extension seeds were produced from the stock 
seed class, and according to the seed system regulation, rice production for consumption was recommended for use in the extension 
seed class [23]. Unusually, farmers have recently used the higher seed class for rice production for consumption, likely the stock seed 
class. This phenomenon has been reported in Ref. [24], where the notation that a higher seed class produces a higher grain yield, as was 
the commodity believed by farmers and other stakeholders, was incorrect. 

3.2. Variety diversity and modern variety adoption 

The varieties produced by producers in each region are very diverse. A total of 33 varieties were produced (Table 4), with various 
adaptation types, including irrigation, upland, and swamp (Table 5). Some varieties produced by >50 % of the seed producers were 
Inpari 32 (87.5 %), Ciherang (65.6 %), Inpari 42 (56.3 %), and Mekongga (59.4 %). Inpari 32 and Inpari 42 are two irrigated rice 

Table 1 
Details of key informant interviews for the in-depth interview.  

No Key Informant Interview Issues 

1 Research Institution a. Strategy to develop a new variety 
b. Strategy to maintain the breeder seed 

2 Seed producer and distributor a. Source seed price 
b. Seed production planning 
c. Seed production facility 

3 Seed certification agency a. Human resource eligibility and capacity 
b. Seed testing infrastructure and quality 

4 Seed regulation officer a. Seed class 
b. Seed subsidies  
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varieties released less than 10 years ago, while Mekongga and Ciherang are older varieties released more than 20 years ago (Table 5). 
Rice farmers’ satisfaction with new superior varieties can be influenced by factors such as productivity, rice flavor, plant age, 

lodging resistance, pest and disease resistance, milled dry grain price, seed price, availability of seeds in the market, and crop 

Fig. 2. Distribution of research locations.  

Table 2 
Seed producer respondents.  

Location No. Company name Business form Production capacity (ton) Real production (ton) 

Lampung 1 PT. Andall Hasa Prima Limited Companies 500 500 
2 CV Yubim Mulya Abadi Limited Companies 1000 600 
3 CV. Benthany Mulia Indah Limited Companies 8000 7000 

Banten 4 Sinar Bahagia farmer groups 300 240 
5 Unnamed individuals 250 175 
6 Unnamed individuals 7 5 
7 Unnamed individuals 6 4  
8 Unnamed individuals 100 70 

Yogyakarta 9 (PB Usaha Tani Group) Limited Companies 300 250 
Central Java 10 PP Kerja Limited Companies 5000 4000 

11 PB. Prima Tani individuals 200 150 
12 Unnamed individuals 6 4 
13 Kesambisari individuals 10 8 

West Java 14 Unnamed individuals 300 200 
15 CV. Fiona Benih Mandiri Limited Companies 3000 2000 

East Java 16 UD. Sri Ayu Limited Companies 500 300 
17 UD. Himalaya Limited Companies 100 70 
18 PB. Tani Bahagia Limited Companies 300 280 

South 
Sulawesi 

19 PT. Harmoni Mega Limited Companies 1000 500 
20 Instalasi Kebun Benih Maros Government 30 20 
21 PT. Harmoni Mega Limited Companies 1000 600 

West Nusa Tenggara 22 Unnamed individuals 400 400 
23 Unnamed individuals 500 300 
24 Unnamed individuals 450 300 

West Sumatra 25 Institute for Agricultural Technology Studies (IATS) Government 100 70 
South Sumatra 26 Unnamed individuals 300 100 

27 Swak Teriti individuals 7 5 
28 Unnamed individuals 1000 500 
29 Tunas Baru farmer groups 60 40 
30 Unnamed Individuals 70 40 
31 CV Dua Putra Limited Companies 100 30 
32 PT. SHS Sumsel Limited Companies 1000 600 
33 Unnamed Individuals 20 0 

*Unnamed: Individual registered as the seed producers without company. 
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marketing [25]. Varieties that are adaptive and have high yield potential and quality according to farmer and consumer preferences 
are easy for farmers to adopt [26]. Their preferences for rice quality differ according to the characteristics of each region [27]; 
however, in Indonesia, most farmers prefer the taste of fluffy rice [28]. The varieties Ciherang and Mekongga are maintained because 
of their superiority. Both varieties are characterized by resistance to pests and diseases, early maturity, and high productivity [29]; 
they are old varieties that remain popular in the community [30]. 

The varieties grown by farmers are largely determined by the agroecological conditions and taste preferences. Table 6 presents the 
number and types of varieties produced on each island and province. Approximately 23 varieties were produced by seed producers on 
Sumatra Island, 18 varieties on Java Island, and 10 varieties on Sulawesi Island. The number of varieties produced positively correlated 
with the production capacity and the actual production (data not shown). The varieties Inpari 32 and Inpari 42 are always available at 
all locations for seed producers. Mekongga and IR 64 are also available on all islands, but they are not available or produced in the 
Yogyakarta or South Sumatra provinces. The ubiquitousness of the Inpari 32 and Inpari 42 seeds may be explained by their high 
demand from farmers. 

Owing to their superiority in several aspects, these two varieties are the most widely planted by farmers [31]. For example, Inpari 
32 has a high production, long and full grain and rice shape, medium fluffy rice flavor, and resistance to leaf blight [27]. Inpari 42 has a 
resistance to lodging, thereby suitable for rice fields in Indonesia that are easily submerged; additionally, its leaves are higher than the 
panicle, thereby preventing bird pests before harvest [31]. 

Almost all seed producers can access information on new superior varieties obtained from government agencies, universities, social 
media, and fellow breeders (Table 7). Government agencies such as agricultural offices, ICRR, and IATS are the main sources of in
formation for seed producers in addition to social media. Therefore, the government was the main source of seeds and information in 
the study area. The role of the government is indeed significant, given that it is the main source of access to seeds, new superior 
varieties, and information [32,33]. 

3.3. Source seed access 

Government seed production has been developed to deliver as many seeds as possible to farmers [34]. Producer seed production is 

Table 3 
Capacity, production, and seed classes produced.  

Production (ton) Distribution (%) 

Capacity Real 

<10 12.5 18.7 
10–100 15.6 18.8 
100–250 15.6 18.7 
250–500 31.3 21.9 
>500 25 21.9 
Seed classes % 
SS 65.6 
ES 21.9 
ES–SS 12.5 

Notes: SS, stock seed; ES, extension seed. 

Table 4 
Type and scale of rice seed varieties produced.  

No. Varieties N n % No. Varieties N n % 

1 Inpari 4 33 3 9.4 18 Cilamaya Muncul 33 4 12.5 
2 Inpari 7 1 3.1 19 Ciherang 21 65.6 
3 Inpari 16 1 3.1 20 Mekongga 19 59.4 
4 Inpari 19 1 3.1 21 Situbagendit 5 15.6 
5 Inpari 30 4 12.5 22 Sintanur 2 6.3 
6 Inpari 32 28 87.5 23 Sunggal 3 9.4 
7 Inpari 33 5 15.6 24 Gilirang 1 3.1 
8 Inpari 39 1 3.1 25 Cakrabuana 4 12.5 
9 Inpari 42 18 56.3 26 Bromo 1 3.1 
10 Inpari 43 3 9.4 27 Padjajaran 2 6.3 
11 Inpari 45 2 6.3 28 Way Apo Buru 2 6.3 
12 Inpari 46 (Nutrizinc) 1 3.1 29 Sidenuk 1 3.1 
13 Inpara 2 1 3.1 30 Cigeulis 3 9.4 
14 Inpago 8 1 3.1 31 Sikumpai 1 3.1 
15 IR 64 10 31.3 32 PB 42 1 3.1 
16 Ciliwung 8 25.0 33 IPB 3S 1 3.1 
17 Bestari 1 3.1     

Notes: N, total number of seed producers; n, number of producers that produced a specific variety. 
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determined by the availability of source seeds, including quantity, price, and accessibility. Seeds are deemed accessible if the user can 
access quality seeds from both formal and informal sources. Quality seeds may be available in the community but not affordable by all, 
either because of supply side constraints when priced highly or demand-side barriers, such as when farmers lack purchasing power 
[35]. 

Source seeds are used to produce lower seed classes, and their affordability can be measured by the adequacy of quantity, ease of 
acquisition, and price [36]. Producers can easily access source seeds, as evidenced by 84 % of producers saying that the source seed 
quantity was sufficient and 88 % saying that such seed is easy to obtain (Fig. 3). The price of source seeds purchased by producers 
varied widely, from IDR 10,000/kg to 17,000/kg, but most producers (60 %) wanted the price to be no more than IDR 14,000/kg. 

Table 5 
Adaptation, release, and breeding institution of rice varieties.  

Novelty range Variety Type Year released Institution 

New (<5 years; 2017–2022) Inpari 45 Irrigation 2019 ICRR 
Inpari 46 (Nutrizinc) Irrigation 2019 ICRR 
Padjajaran Irrigation 2018 ICRR 
Cakrabuana Irrigation 2018 ICRR 

Quite New (5–10 years; 2012–2016) Inpari 30 Irrigation 2012 ICRR 
Inpari 32 Irrigation 2013 ICRR 
Inpari 33 Irrigation 2013 ICRR 
Inpari 39 Irrigation 2015 ICRR 
Inpari 42 Irrigation 2016 ICRR 
Inpari 43 Irrigation 2016 ICRR 
IPB 3S Irrigation 2012 IPBU 

Quite Old (10–20 years; 2002–2011) Inpari 4 Irrigation 2008 ICRR 
Inpari 7 Irrigation 2009 ICRR 
Inpari 16 Irrigation 2011 ICRR 
Inpari 19 Irrigation 2011 ICRR 
Inpara 2 Swamp 2009 ICRR 
Inpago 8 Upland 2011 ICRR 
Bestari Irrigation 2008 NNEA 
Mekongga Irrigation 2004 ICRR 
Situbagendit Irrigation 2003 ICRR 
Sunggal Irrigation 2002 ICRR 
Gilirang Irrigation 2002 ICRR 
Way Apo Buru Irrigation 2002 ICRR 
Cigeulis Irrigation 2002 ICRR 
Sidenuk Irrigation 2011 ICRR 

Very Old (>20 years; <2002) IR 64 Irrigation 1986 ICRR 
Ciliwung Irrigation 1988 ICRR 
Cilamaya Muncul Irrigation 1996 ICRR 
Ciherang Irrigation 2000 ICRR 
Sintanur Swamp 2001 ICRR 
Bromo Irrigation Unrecord Community 
Sikumpai Irrigation Unrecord Community 
PB 42 Irrigation 1980 ICRR 

NNEA, National Nuclear Energy Agency; ICRR, Indonesian Center for Rice Research; IPBU, Institut Pertanian Bogor University. 

Table 6 
Availability of rice variety seed by island and province.  

The Island (No. of 
Varieties) 

Province Varieties 

Total Type 

Sumatra (23) Lampung 15 Inpari 30, Inpari 32, Inpari 33, Inpari 39, Inpari 42, Inpari 46, Inpara 2, Inpago 8, IR 64, Ciliwung, Bestari, 
Cilamaya muncul, Ciherang, Mekongga, Situbagendit 

South 
Sumatra 

8 Inpari 30, Inpari 32, Inpari 33, Inpari 42, Inpari 43, Ciliwung, Ciherang, Mekongga,  

West Sumatra 7 Junjuang, Banang Pulau, Batang Piaman, Anak Daro, Cisokan, PB 42, Inpari 13, Lampai Siranah 
Java (18) Banten 5 Inpari 32, Inpari 42, IR 64, Ciherang, Mekongga, 

West Java 8 Inpari 32, Inpari 42, IR 64, Cilamaya muncul, Ciherang, Mekongga, Sintanur, Sidenuk 
Central Java 10 Inpari 32, Inpari 33, Inpari 42, IR 64, Ciherang, Sunggal, Cakrabuana, Bromo, Padjajaran, Way Apo Buru 
Yogyakarta 7 Inpari 16, Inpari 32, Inpari 42, Inpari 43, Sintanur, Sunggal, Gilirang, 
East Java 14 Inpari 32, Inpari 42, Inpari 43, Inpari 45, IR 64, Ciherang, Mekongga, Situbagendit, Sunggal, Cakrabuana, 

Padjajaran, Way Apo Buru, IPB 3S 
Sulawesi (10) South 

Sulawesi 
10 Inpari 4, Inpari 30, Inpari 32, Inpari 42, Ciliwung, Ciherang, Mekongga, Situbagendit, Cigeulis, Sikumpai 

Numbers in brackets is a number of rice varieties in this island. 
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3.4. Seed production planning 

Seed producers must understand the demand for seed production. Over- or underproduction can lead to serious financial conse
quences for seed producers. Hence, the fulfillment of seed demand information in seed production planning is crucial for them. For 
seed production planning, they should acquire information on planting area, planting season, seed demand (variety, quantity, location, 
and time) in previous and upcoming years, and government programs (Table 8). They can obtain this information from various 
sources, including personal searches, agricultural offices, agricultural shops, SCAs (i.e., Badan Pengawasan dan Sertifikasi Benih 
[Bureau of Seed Control and Certification]), and seed centers. 

3.5. Seed market 

Seed producers often lack access to profit- and value-added markets [37]. While producers are faced with accessibility to seed 
market information and infrastructure, seeds need to reach farmers at the right time, place, quantity, and price [38]. Producers sell 
their seeds in two market types: captive and free (Fig. 4). The captive market is carried out by producers as partners in providing seeds 
for government programs [39]. The free market is used by all producers to market the seeds produced, although at the same time, 
approximately 66 % of producers also engage in captive market. Producers do not use the captive market as their main marketing 
channel because the risk is very high. The risk pertains to the sustainability of market control, which is at risk of being lost, along with 
the dependence on government seed subsidy programs. 

Marketing coverage greatly affects the level of production carried out; therefore, wide marketing coverage needs to be supported by 
bringing production centers closer to the location of demand. Most seed producers have a market that is relatively close to the main 
production centers, causing them to produce seeds in one production center (Fig. 5). This single-center marketing range must be 
overcome by recruiting new breeders in production centers and maximizing the role of government seed companies and state-owned 
enterprises, or the private sector. As a result, local producers may be empowered to improve their capacity and production facilities. 

3.6. Challenges for seed production and distribution 

The supply flow (production and distribution) of rice seeds in Indonesia involves multiple stakeholders, including research in
stitutions, seed producers, SCAs, and governments. Seed producers were the last actors, highly depending on the three other actors. 
The government is the main actor in regulating and planning rice seed production and distribution. The other actors, namely, research 
institutions and SCAs, operate according to government regulations. Table 9 lists the challenges faced by multiple stakeholders in rice 
seed production and distribution. 

In a formal seed system, several strategic steps are required to increase seed production and distribution. Some of these steps are as 
follows: developing seeds on specific locations, increasing human resources at research institutions, increasing supply–demand 
integration, and implementing policies that encourage profitable commercial seed businesses. In developing countries, formal or 
commercial seed provision plays a limited role, supplying a very small proportion of what farmers grow (often measuring well below 
10 %) [40]. Resource costs for crop seed production and distribution are also an issue in formal seed systems in Africa, supplying less 
than 20 % of the total [41]. Overall, a combination of challenges, ranging from agronomic to socioeconomic factors, affects seed 
production and distribution [42]. Key challenges in the seed production and distribution value chain are the lack of clear national 
policies to improve seed production activities and seed producers’ income; the lack of facilitation of functional linkages between 
different seed actors, low productivity, and limited access to business development services; and the lack of linkages to external 
markets [43]. 

4. Conclusion 

Seed producers’ capacity and production are closely related to their institutional forms. The producers of legal entities are rela
tively knowledgeable, competent, and able to market. The seed classes produced were mostly extension seeds with wide-ranging 

Table 7 
Affordability and sources of information on new improved varieties.  

New Variety Information N N % 

Access  
- Yes 33 32 97.0 
-No 1 3.0 
Sources  
- Agricultural Offices 33 14 26.4  
- ICRR 16 30.2  
- IATS 11 20.8  
- Producers 1 1.9  
- Social Media 10 18.9  
- University 1 1.9 

Notes: N, total number of seed producers; n, number of producers that produced a specific variety. 
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Fig. 3. Affordability of source seeds.  

Table 8 
Seed production planning strategies implemented.  

Information Requires for Production Plan Type/Source of Information 

Information needed to plan seed production Previous year’s seed demand 
Government market information (government program) 
Planting area 
Planting season 

Seed requirement information (variety, quantity, location, and time) Seeking independent information 
Agricultural Offices 
Agricultural store 
Seed Certification Agency and Seed Research Institute  

Fig. 4. Types of seed marketing by seed producers.  

Fig. 5. Production and market coverage.  
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varieties, according to location-specific needs. Producers plan seed production by using sufficient and close sources of information. To 
maintain a sustainable market for seeds, they chose a free market. The challenges of rice seed production and distribution may be 
solved, starting by promoting inter-institutional coordination and networking research to test and release a new variety, increasing 
farmer involvement in varietal evaluation activities, and strengthening the production of breeder seeds’ infrastructure (modern 
processing and storage, and more labor) to satisfy the rising demand. Additionally, breeders should be given financial incentives to 
encourage BS production. The authority over seed pricing needs to be relaxed to provide everyone sufficient incentives, and the market 
should be allowed to set the incentive prices for various players in the system. 

Funding 

This research was funded by The Endowment Funds for Education (LPDP), Indonesia through the National Research Priority Project 
for Rice Seed Supply Model in 2020–2021. 

Data availability statement 

Data included in article. 

CRediT authorship contribution statement 

Abdul Qadir: Writing – review & editing, Writing – original draft, Supervision, Methodology, Funding acquisition, Formal 
analysis, Data curation, Conceptualization. Mohamad Rahmad Suhartanto: Writing – review & editing, Supervision, Methodology, 
Investigation, Data curation, Conceptualization. Eny Widajati: Writing – review & editing, Writing – original draft, Supervision, 
Methodology, Investigation, Data curation, Conceptualization. Candra Budiman: Writing – original draft, Visualization, Validation, 
Software, Project administration, Investigation, Funding acquisition, Formal analysis, Data curation. Ahmad Zamzami: Writing – 
original draft, Software, Resources, Formal analysis, Data curation. Astryani Rosyad: Writing – original draft, Visualization, Software, 
Resources, Project administration, Formal analysis. Ridwan Diaguna: Writing – review & editing, Writing – original draft, Visuali
zation, Methodology, Investigation, Formal analysis. 

Declaration of competing interest 

The authors declare the following financial interests/personal relationships which may be considered as potential competing in
terests:Abdul Qadir reports financial support was provided by The Indonesia Endowment Funds for Education (LPDP). If there are 
other authors, they declare that they have no known competing financial interests or personal relationships that could have appeared 
to influence the work reported in this paper. 

References 

[1] T. Matsuda, Rice flour: a promising food material for nutrition and global health, J. Nutr. Sci. Vitaminol. 65 (2019) S13–S17, https://doi.org/10.3177/jnsv.65. 
S13. 

[2] J.N. Andriamparany, H. Hänke, E. Schlecht, Food security and food quality among vanilla farmers in Madagascar: the role of contract farming and livestock 
keeping, Food Secur. 13 (4) (2021) 981–1012, https://doi.org/10.1007/s12571-021-01153-z. 

[3] C. Wardani, J. Jamhari, S. Hardyastuti, A. Suryantini, Kinerja ketahanan beras di Indonesia: Komparasi Jawa dan luar Jawa periode 2005-2017, Jurnal 
Ketahanan Nasional 25 (1) (2019), https://doi.org/10.22146/jkn.41770. 

[4] T. Tashi, C. Dendup, N, S. Gyeltshen, Rice self-sufficiency in Bhutan: an assessment, Asian J. Agric. Extens. Econom. Sociol. (2022) 18–28, https://doi.org/ 
10.9734/ajaees/2022/v40i230842. 

[5] D. Jenderal Tanaman Pangan, Tantangan peningkatan produktivitas padi dan peran pupuk bersubsidi, Direktorat Jenderal Tanaman Pangan 21 (2022). Jul. 
[6] BPS, Luas Panen, Produksi, dan Produktivitas Padi Menurut Provinsi 2020–2022, Badan Pusat Statistik Republik Indonesia, Jan. 27, 2023. 
[7] R. Maytawanti, D. Damanhuri, Potensi Produksi dan Kualitas Benih 5 Genotipe Kacang Bambara (Vigna subtterranea L. Verdc) dengan Sistem Budidaya Organik 

dan Anorganik, Produksi Tanaman 10 (10) (2022) 556–561, https://doi.org/10.21776/ub.protan.2022.010.10.04. 
[8] D. Herdiansah Sujaya, T. Hardiyanto, A. Yuniawan Isyanto, Faktor-Faktor Yang Berpengaruh Terhadap Produktivitas Usahatani Mina Padi Di Kota Tasikmalaya, 

2018. 

Table 9 
Challenges for rice seed production and distribution.  

Research Institution Seed Producer  
- Limited human resources  - Limited supply of sources of high-quality seeds  
- Variety development is not yet based on farmers’ needs and challenges  - Limited information on national seed supply and demand  
- Uncertain dynamics of the new variety dissemination mechanism  - Weak linkage of seed stakeholders   

- Price rationalization 
Seed Certification Agency Government  
- Limited resources (e.g., human, budget, and infrastructure)  - Seed supply budgeting  
- Wide coverage area  - Low coordination of seed stakeholders  
- Changes of institutional roles in the Indonesian seed system  - Provision of seed producers near the rice production area   

- Encouragement of private sector roles in the seed market.  

A. Qadir et al.                                                                                                                                                                                                          

https://doi.org/10.3177/jnsv.65.S13
https://doi.org/10.3177/jnsv.65.S13
https://doi.org/10.1007/s12571-021-01153-z
https://doi.org/10.22146/jkn.41770
https://doi.org/10.9734/ajaees/2022/v40i230842
https://doi.org/10.9734/ajaees/2022/v40i230842
http://refhub.elsevier.com/S2405-8440(24)01141-1/sref5
http://refhub.elsevier.com/S2405-8440(24)01141-1/sref6
https://doi.org/10.21776/ub.protan.2022.010.10.04
http://refhub.elsevier.com/S2405-8440(24)01141-1/sref8
http://refhub.elsevier.com/S2405-8440(24)01141-1/sref8


Heliyon 10 (2024) e25110

10

[9] H.K. Panta, Impact of commercialization in rice seed production on crop productivity and household income, J. Inst. Agric. Anim. Sci. 33 (34) (2018) 11–18, 
https://doi.org/10.3126/jiaas.v33i0.20677. 

[10] S.K. Nuswardhani, Kajian serapan benih padi bersertifikat di Indonesia periode 2012–2017, Agri 13 (2) (2019), https://doi.org/10.31328/ja.v13i2.1207. 
[11] K.R. Oliveira, et al., Physiological quality of soybean seeds grown under different low altitude field environments and storage time, Plant Soil Environ. 67 (2) 

(2021) 92–98, https://doi.org/10.17221/512/2020-PSE. 
[12] I. Kranner, F.V. Minibayeva, R.P. Beckett, C.E. Seal, What is stress? Concepts, definitions and applications in seed science, New Phytol. 188 (3) (2010) 655–673, 

https://doi.org/10.1111/j.1469-8137.2010.03461.x. 
[13] M. Marshak, F. Wickson, A. Herrero, R. Wynberg, Losing practices, relationships and agency: Ecological deskilling as a consequence of the uptake of modern 

seed varieties among South African smallholders, Agroecol. Sustain. Food Syst. 45 (8) (2021) 1189–1212, https://doi.org/10.1080/21683565.2021.1888841. 
[14] R.A. Kempton, M. Talbot, The development of new crop varieties, J. Roy. Stat. Soc. 151 (2) (1988), https://doi.org/10.2307/2982761. 
[15] A.K. Joshi, H.J. Braun, Seed systems to support rapid adoption of improved varieties in wheat, Wheat Improv. (2022), https://doi.org/10.1007/978-3-030- 

90673-3_14. 
[16] A. van Gastel, Z. Bishaw, B. Gregg, Wheat seed production, in: M.P. Reynolds, H.-J. Braun (Eds.), åBread Wheat Improvement Food Security in a Changing 

Climate, first ed., Springer International Publishing, Switzerland, 2002, pp. 237–256. 
[17] T.H. Mulesa, S.P. Dalle, C. Makate, R. Haug, O.T. Westengen, Pluralistic seed system development: a path to seed security? Agronomy 11 (2) (2021) https://doi. 

org/10.3390/agronomy11020372. 
[18] S. McGuire, L. Sperling, Seed systems smallholder farmers use, Food Secur. 8 (1) (2016) 179–195, https://doi.org/10.1007/s12571-015-0528-8. 
[19] K.U. Justin, Factors influencing maize crop production at household levels: a case of Rukwa region in the southern highlands of Tanzania, Afr. J. Agric. Res. 10 

(10) (2015) 1097–1106, https://doi.org/10.5897/ajar2014.9262. 
[20] D.T. Sisay, F.J.H.M. Verhees, H.C.M. van Trijp, Seed producer cooperatives in the Ethiopian seed sector and their role in seed supply improvement: a review, 

J. Crop Improv. 31 (3) (2017) 323–355, https://doi.org/10.1080/15427528.2017.1303800. 
[21] L. Lázaro-Palacio, Y. Aranda-Camacho, An analytical model to evaluate the performance of associative seed producer organizations in the framework of plan 

semilla - Agrosavia (Colombia), Agron. Colomb. 37 (2) (2019) 173–188, https://doi.org/10.15446/agron.colomb.v37n2.76948. 
[22] R. Wagner, Communication of Innovations: a cross-cultural approach . Everett M. Rogers, F. Floyd shoemaker, Am. Anthropol. 74 (6) (1972) 1375–1376, 

https://doi.org/10.1525/aa.1972.74.6.02a00110. 
[23] B. Sayaka, D. Hidayat, Rice seed system and characteristics of rice seed producers in east Java, Analisis Kebijakan Pertanian 13 (2) (2016), https://doi.org/ 

10.21082/akp.v13n2.2015.185-202. 
[24] S. Wahyuni, I.W. Mulsanti, Produktivitas varietas Padi Dari kelas benih berbeda, IPTEK Tanaman Pangan 8 (2) (2013). 
[25] D. Fahmi, Analisis Sikap dan Kepuasan Petani Padi terhadap Benih Padi Varietas Unggul di Kabupaten Kediri, Jawa Timur, Institut Pertanian Bogor, 2008. 
[26] Y.R. Darsani, Koesrini, The preference of farmer on characteristics of high yield rice varieties on tidal swampland, Penelitian Pertanian Tanaman Pangan 2 

(2018) 85–94. 
[27] R. Hidayah, S. Catur, E. Kushartanti, Warsana, Persepsi dan Preferensi Pertani Terhadap padi varietas unggul baru Balitbangtan (Studi Kasus di Kelompok Tani 

Sri Mulyo Kabupaten Tegal), Prosiding Konser Karya Ilmiah Nasional 2019 (2019) 57–64. 
[28] Haryadi, Teknologi Pengolahan Beras, Gadjah Mada University Press, Yogyakarta, 2015. 
[29] I. Nurhati, S. Ramdhaniati, N. Zuraida, Peranan dan dominasi varietas unggul baru dalam peningkatan produksi padi di Jawa Barat, Buletin Plasma Nutfah 14 

(1) (2016), https://doi.org/10.21082/blpn.v14n1.2008.p8− 13. 
[30] A. Ishak, S. Samril, E. Kristanto, E. Fauzi, H. Kusnadi, J. Firison, Farmers adoption of superior varieties of irrigated rice in Kedurang Subdistrict, South Bengkulu 

regency, Jurnal KIRANA 3 (1) (2022) 33, https://doi.org/10.19184/jkrn.v3i1.30338. 
[31] C.S. Ammatillah, E.P. Astuti, Preferensi petani padi di Kota Jakarta terhadap varietas unggul, Seminar Nasional Fakultas Pertanian UPN Veteran Yogyakarta, 

2020, pp. 252–260. 
[32] Z. Bassa, T. Erchafo, S. Tyohannis, A. Bashe, Status of improved crop seed utilization system across small scale farmers in southern Ethiopia: the case of Sodo 

Zuirya in Wolaiyta, Mareka in Dawuro and Kacha Birra in Kambata Tambaro zones, Open Access J. Sci. 2 (6) (2018), https://doi.org/10.15406/ 
oajs.2018.02.00107. 

[33] K. Tarekegn, M. Mogiso, Assessment of improved crop seed utilization status in selected districts of Southwestern Ethiopia, Cogent Food Agric. 6 (1) (2020), 
https://doi.org/10.1080/23311932.2020.1816252. 

[34] N.P. Louwaars, G. Manicad, Seed systems resilience—an overview, Seeds 1 (4) (2022) 340–356, https://doi.org/10.3390/seeds1040028. 
[35] P. Aseete, E. Katungi, How do multi-stakeholder partnerships influence access to quality bean seed and variety turnover? Lessons from Burundi and Zimbabwe, 

CABI Agric. Biosci. 4 (1) (2023), https://doi.org/10.1186/s43170-023-00143-9. 
[36] F. Simtowe, P. Marenya, E. Amondo, M. Worku, D.B. Rahut, O. Erenstein, Heterogeneous seed access and information exposure: Implications for the adoption of 

drought-tolerant maize varieties in Uganda, Agric. Food Econom. 7 (1) (2019), https://doi.org/10.1186/s40100-019-0135-7. 
[37] M. Ripley, Improving market access for smallholder farmers: what works in out-grower schemes-evidence from Timor-Leste, Int. Labour Org. 1 (2017) 1–5. 
[38] F. Mihretu, Challenges and opportunities of vegetable quality seed production and seed system in Ethiopia, Int. J. Res. Stud. Agric. Sci. 5 (8) (2019), https://doi. 

org/10.20431/2454-6224.0508003. 
[39] FAO, Promoting the Growth and Development of Smallholder Seed Enterprises for Food Security Crops, Food and Agricuklture Organization of the United 

Nations (FAO), 2010. 
[40] O.T. Coomes, et al., Farmer seed networks make a limited contribution to agriculture? Four common misconceptions, Food Pol. 56 (2015) 41–50, https://doi. 

org/10.1016/j.foodpol.2015.07.008. 
[41] N.P. Louwaars, W.S. de Boef, J. Edeme, Integrated seed sector development in Africa: a basis for seed policy and law, J. Crop Improv. 27 (2) (2013) 186–214, 

https://doi.org/10.1080/15427528.2012.751472. 
[42] C. Wacal, D. Basalirwa, W. Okello-Anyanga, M.F. Murongo, C. Namirembe, R. Malingumu, Analysis of sesame seed production and export trends; challenges and 

strategies towards increasing production in Uganda, OCL - Oilseeds Fats Crops Lipids 28 (2021), https://doi.org/10.1051/ocl/2020073. 
[43] S. Gairhe, K.P. Timsina, Y.N. Ghimire, J. Lamichhane, S. Subedi, J. Shrestha, Production and distribution system of maize seed in Nepal, Heliyon 7 (4) (2021) 

e06775, https://doi.org/10.1016/j.heliyon.2021.e06775. 

A. Qadir et al.                                                                                                                                                                                                          

https://doi.org/10.3126/jiaas.v33i0.20677
https://doi.org/10.31328/ja.v13i2.1207
https://doi.org/10.17221/512/2020-PSE
https://doi.org/10.1111/j.1469-8137.2010.03461.x
https://doi.org/10.1080/21683565.2021.1888841
https://doi.org/10.2307/2982761
https://doi.org/10.1007/978-3-030-90673-3_14
https://doi.org/10.1007/978-3-030-90673-3_14
http://refhub.elsevier.com/S2405-8440(24)01141-1/sref16
http://refhub.elsevier.com/S2405-8440(24)01141-1/sref16
https://doi.org/10.3390/agronomy11020372
https://doi.org/10.3390/agronomy11020372
https://doi.org/10.1007/s12571-015-0528-8
https://doi.org/10.5897/ajar2014.9262
https://doi.org/10.1080/15427528.2017.1303800
https://doi.org/10.15446/agron.colomb.v37n2.76948
https://doi.org/10.1525/aa.1972.74.6.02a00110
https://doi.org/10.21082/akp.v13n2.2015.185-202
https://doi.org/10.21082/akp.v13n2.2015.185-202
http://refhub.elsevier.com/S2405-8440(24)01141-1/sref24
http://refhub.elsevier.com/S2405-8440(24)01141-1/sref25
http://refhub.elsevier.com/S2405-8440(24)01141-1/sref26
http://refhub.elsevier.com/S2405-8440(24)01141-1/sref26
http://refhub.elsevier.com/S2405-8440(24)01141-1/sref27
http://refhub.elsevier.com/S2405-8440(24)01141-1/sref27
http://refhub.elsevier.com/S2405-8440(24)01141-1/sref28
https://doi.org/10.21082/blpn.v14n1.2008.p8&minus;13
https://doi.org/10.19184/jkrn.v3i1.30338
http://refhub.elsevier.com/S2405-8440(24)01141-1/sref31
http://refhub.elsevier.com/S2405-8440(24)01141-1/sref31
https://doi.org/10.15406/oajs.2018.02.00107
https://doi.org/10.15406/oajs.2018.02.00107
https://doi.org/10.1080/23311932.2020.1816252
https://doi.org/10.3390/seeds1040028
https://doi.org/10.1186/s43170-023-00143-9
https://doi.org/10.1186/s40100-019-0135-7
http://refhub.elsevier.com/S2405-8440(24)01141-1/sref37
https://doi.org/10.20431/2454-6224.0508003
https://doi.org/10.20431/2454-6224.0508003
http://refhub.elsevier.com/S2405-8440(24)01141-1/sref39
http://refhub.elsevier.com/S2405-8440(24)01141-1/sref39
https://doi.org/10.1016/j.foodpol.2015.07.008
https://doi.org/10.1016/j.foodpol.2015.07.008
https://doi.org/10.1080/15427528.2012.751472
https://doi.org/10.1051/ocl/2020073
https://doi.org/10.1016/j.heliyon.2021.e06775

	Commercial rice seed production and distribution in Indonesia
	1 Introduction
	2 Materials and methods
	2.1 Site study
	2.2 Data collection
	2.2.1 Pretested questionnaires
	2.2.2 Focus group discussion and respondent
	2.2.3 Key informant interviews for in-depth interviews

	2.3 Data analysis

	3 Results and discussions
	3.1 Institutional, capacity, and production
	3.2 Variety diversity and modern variety adoption
	3.3 Source seed access
	3.4 Seed production planning
	3.5 Seed market
	3.6 Challenges for seed production and distribution

	4 Conclusion
	Funding
	Data availability statement
	CRediT authorship contribution statement
	Declaration of competing interest
	References


