Tuijin Jishu/Journal of Propulsion Technology
ISSN: 1001-4055
Vol. 44 No. 5 (2023)

Innovative Downstream Technology in
Agriculture; A Case Study on Rice and
Shallot Commodities

Zulkiflit?, Siti Bulkis®, Imam Mujahidin Fahmid®, Rahmadanih®
1Doctoral Program of Development Studies, Graduate School Hasanuddin University, Makassar, Indonesia
2Ministry of Agriculture of the Republic of Indonesia
3Department of Agribusiness, Faculty of Agriculture, Hasanuddin University, Makassar, Indonesia

Abstract: The pace of downstream agricultural technology implementation by the government currently
legs behind the needs of farmers and the advancement of modern science and knowledge. This study aims
tol) analyze institutional patterns in the downstream application of innovative technology in agriculture,
2) examine farmers’ responses to downstream innovative technology, 3) identify the factors influencing the
success of downstream innovative agricultural technology. The research was conducted in two districts
across two provinces from December 2022 to September 2023, with case studies focusing on rice and shallot
commodities. Data were collected through a survey of 240 randomly selected farmer respondents. Data
analysis was performed qualitatively and descriptively, involving both formal and non-formal institutions
from the central to regional levels. The results indicated that: 1) formal and non-formal institutional
support from the central to regional levels significantly affected the downstream process of agricultural
innovation; 2) farmers’ response to rice cultivation technology was more favorable than that to shallot
cultivation technology; 3) internal factors such as age, education, farming experience, and land area, and
external factors such as access to capital, technology, and transportation influenced the success of
downstream agricultural innovation. In general, a deep understanding of these factors is crucial for
designing more effective strategies to promote technology adoption among farmers. The government should
consider the local characteristics of farmers in downstream innovation to increase production and
productivity, thereby enhancing farmers’ economic income.
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1. Introduction

Along with the rapid advancement of science and technology, as well as the implementation of
regional autonomy and the transfer of part of government authority to regions in the agricultural
sector, some institutions previously involved in the preparation and implementation of site-
specific agricultural technology have been abolished. The paradigm and framework in research
and development were no longer appropriate; therefore, the Minister of Agriculture Regulation
No. 03/2005 was launched, later amended by the Decree of the Minister of Agriculture No.
804/1995 as a corrective action. In the prevailing regulations, innovative technological
innovation transformations are required that are appropriate to the location [1] to increase
technological improvements to optimize the utilization of agricultural resources and improve
the implementation of technology by the location [2]

In its operations, creating innovation concepts until farmers adapt them involves institutional
networks from the center to remote villages [3,4]. The Agricultural Research and Development
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Agency, together with its Work Units — Center for Food Crop Research and Development,
Horticultural Research and Development Center, Center for Agricultural Technology Study
and Development, Rice Center, and Vegetable Plant Instrument Standard Testing Center —is a
generating system or segment of invention-creation, as well as a delivery subsystem and a
receiving subsystem. Other institutions, from the Director General of Food Crops to the
Regional Agricultural Equipment Organization and village farmer groups, have become
delivery system networks that flow innovation and receive receiving system technology [5].

In addition, there is an Agricultural Technology Management Center Work Unit that manages
the transfer of agricultural technology from the source of technology creation to the user. The
Agricultural Technology Management Center Work Unit divides the transfer of innovative
technology into two approaches; licensing and dissemination. License for agricultural
technology worth intellectual property (IP) [6], while dissemination for public domain [6].
Institutional existence plays a role in supporting the acceleration of downstream innovative
technological innovation. Institutional activities play a role in building harmonious functional
linkages among downstream [7]; [8] and the adoption of technological innovations by end users
[9].

Several innovative technologies have been widely used and proven to be critical drivers of
growth [10] and the development of agriculture [11]. However, the speed at which science is
developing is not matched by the adoption of technology by government agencies [12], even
though the number of institutions that exist today is quite large [13]. In addition, the adoption
of developed technology has not affected the fundamental needs of farmers in the form of
consumer preferences for the final product produced.

Research related to downstream innovation has been conducted by [12-27]. However, the
results of this study mainly discuss downstream technology in general on specific commodities.
In contrast, this study will look at and compare two locations and things with the support of
government downstream institutions. Therefore, this study aims to 1) analyze institutional
patterns in downstream innovative technology in agriculture 2) analyze farmers responses to
downstream innovative technology, and identify factors that influence the success of
downstream innovative agricultural technologies.

2. Literature Review and Objectives

Using agricultural technology can help improve the efficiency, quality, and productivity of
sustainable agriculture [14,15]. Technological innovation is still growing to support food
security [16], population growth, and extreme weather changes [17]. With innovative
technology from agriculture, it is expected to lift agricultural productivity, reduce negative
impacts on the environment, and improve the welfare of farmers. Downstream technology is a
process of development and application of advanced technology from several sectors to
increase competitiveness, productivity, and efficiency [18,19]. Some of the benefits of
downstream food technology in Indonesia include increasing the added value of food products,
improving food safety and quality, increasing food productivity, expanding market access,
establishing cooperation, and transferring food technology [18,20]. According to [21],
adoption of innovation is one of the processes of social change with novelty that the community
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can then adopt. [22] Elements of innovation adoption include communication channels [23],
innovation of social systems, and time. The stages in the innovation adoption process are
knowledge, persuasion, decision making implementation, and confirmation [24]. The
cultivation of rice plants (Oryza Sativa L.) and food self-sufficiency carried out by the
government has resulted rice commaodities [25,26] up to 80.08 tons/year [27] so that the need
for rice in the community becomes a priority [28]—shallots with the Latin name Allium cepa
L. is a plant that is used as a spice in cooking and as an ingredient in traditional medicines [29].
The government has attempted o increase the productivity of shallots by increasing
intensification and intensification [30]. In 2022, the productivity yield of shallots will reach
9.43 tons per year [31].

3. Methods

The research was conducted in the Provinces of East Java and South Sulawesi of Indonesia,
which area rice and shallot-producing regions whose contribution is quite significant to the
production of rice and shallots nationally. From each selected province, one district was
determined to be a relatively high rice produce and shallot producer in each chosen province.
The research was conducted in August 2022- September 2023 through a survey of 240
respondent farmers (Table 1) and involved several institutions from the central to regional
levels.

Table 1. Respondents at the Research Site

No Provinsi Regency Subdistrict Sum
1 Jawa Timur Ngawi 1. Geneng 64
2. Karang 56
Anyar
2 South Sulawesi Bone 1. Tanete 40
RT
2. Awangp 30
one
3. Amali 50
Sum 240

Source: Primary Data Analysis

To diagnose the downstream performance of innovative technology, a quantitative descriptive
analysis is carried out on the basis Constructive Grounded Theory, which refers to the concepts
[32], [33], [34], [35], [36]. The data will be filtered on the bases of the innovation component
and analyzed using the Likert Scale, which has a range of 1 to 5. On this scale, number 1
represents the level of unsatisfactory or unsatisfactory, number 2 indicates the level of bad or
less good, number 3 shows the level of satisfactory or good enough, number 4 shows the level
of sound or fair, and number 5 indicates the level of excellent or very fine. Based on the analysis
using the Likert scale, the results are described qualitatively. To analyze the factors that

318



Tuijin Jishu/Journal of Propulsion Technology
ISSN: 1001-4055
Vol. 44 No. 5 (2023)

influence technology adoption, a qualitative descriptive manner starts with describing land
tenure as the basis of agricultural activities and then adopting innovative technology from each
rice and onion cultivation technology. As another indicator of successful adoption, the
productivity achievements of each commodity are displayed, namely rice and shallots.

4. Results and Discussion

a. Characteristics of the Respondent Farmers

The main characteristics discussed in the context of downstream innovative technology focus
on three elements; age, formal education base, and farming experience. Through the analysis
of the age element (Figure 1), it can be seen that most respondents involved in rice and onion
cultivation are in the age range of 31 to 50 years. This shows that they are in the productive
phase of the millennial age. This age condition will have a significant impact on the
development of rice and onion cultivation.
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Figure 1. Age Diversity of Rice (left) and Shallot (right) Respondents at the Research Site
Source: Primary Data Analysis, 2023

In terms of formal education, the range of education starts from primary education to the

undergraduate level. From the analysis in Figure 2, it appears that onion farmers generally
achieve a relatively higher level of formal education than rice farmers (Figure 2).
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Figure 2. Diversity of Respondents’ Formal Education on Rice Cultivation (left) and Shallots

(right)
Source: Primary Data Analysis, 2023

Regarding farming experience, the period lasts between less than 10 and 45 years. Most rice
farmers (about 77.50%) have less than 20 years of experience, whereas most onion areas n
farmers (approximately 50.83%) have less than ten years of experience. This shows a
significant difference between rice and onion farming (Figure 3).
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Figure 3. Farming experience of rice respondents (left) and shallots (right) at the research site
Source: Primary Data Analysis, 2023

b. Institutional Support

In this innovative technology downstream activity, there are institutions whose authority is
categorized as a generator system (creation/invention), delivery system (distribution), and
receiving system (receiver) technology [37]. According to the status, institutions are
distinguished from formal institutions and informal institutions [38]. In addition, there are
institutions whose status is not included in the system, but their role is essential as supporters.
The institutional position is at the national (central) and the regional (province, district sub-
district, and village) [39]. On the basis the results of observation and elaboration of information,
the existence of institutions involved in downstream innovative technology can be arranged
diagrammatically, as shown in Figure 4.
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Figure 4. The Existence of Formal and Informal Institutions in Downstreaming Innovative
Technology of the Agricultural Research and Development Agency from the National
Regional
Source: Primary Data Analysis, 2023

In the downstream practice of innovative technology, the institution role is not fixed on its
status and position. Institutions that play a role in creating innovation also play a role as
technology distributors. Likewise, institutional support is not partial according to territorial
zones, meaning that institutions at the center also perform their role in the regions. Role
differentiation is only differentiated on the basis of the primary duties and functions of each.
In this case, government institutions act as regulators (making policies), providing
budgetary/financial support, and providing research infrastructure. At the same time, the
private sector contributes to developing, commercializing, and expanding the use of innovative
technologies on a broader scale.

The position of farmers in downstream innovative technology acts as a recipient and
implementer of innovative technology, according to [40; 41]. They become agents of change
in implementing new technologies in the field, and experiences and knowledge with other
farmers. Meanwhile, coordination of the production of innovation results, as well as increasing
the capacity of members to adopt new technology, became the joint authority of farmer groups.
Chronologically, the downstream of innovative technology begins with the research stage that
produces innovative technology components (invention), involving the Agricultural Research
Commission. Before being intervened y the user, the technology component performed an
adaptation test to obtain technology that suits the location’s needs. The Agricultural
Technology Commission validated the following technology activity as a step toward the
development stage. At the development stage, various approaches are used, including large-
scale demonstrations, to produce technologies that are ready for users to implement. Before
farmers adopt the technology, a technology assembly is first carried out involving extension
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workers, researchers, and farmers who will use the technology. The process through several
stages, as shown in Figure 5.
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Figure 5. Technology Assembly Diagram
Source: Primary Data Analysis, 2023

The dissemination of information technology at the regional level occurs through various
channels (multi-channel), as shown in Figure 6.
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Figure 6. Technology Information Delivery Channel
Source: Primary Data Analysis, 2023

Technology information received by farmers is not only from sources directly related to

technology preparation institutions but also from cyberspace media [42] ; [41]; [40]; [43] Facts
in the field, farmers who meet their seed needs by ordering through the market place.
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4.3 Farmer’s Responses to Technology

One indicator of the success of downstream innovative technology is the adoption of
technology [44] and agricultural productivity achievements [45]. The size of technology
adoption is measured from two aspects. First, it is based on the proportion of respondents who
adopt several recommended technologies, meaning that the higher the ratio of farmers who
adopt technology, the better the adoption rate. Second, from the proportion of the planting land
area that applies recommendation technology. The higher the proportion of planting area that
uses technology recommendations, the better. Agroecosystem conditions, and the size of land
ownership influence farmers, responses to rice and onion cultivation technology. Land tenure
by rice farmers at the study site is presented in in Tables 2, and 3.

Table 2. Land Tenure by Rice Respondents in East Java and South Sulawesi

Ngawi Regency, Jawa Bone Regency, South
Timur Province (ha) Sulawesi Province (ha)

Agro Land Size

ecosystem (ha) sum Propose (%) Sum Propose (%)
<05 37 61,67 41 34,17
Sawah 051-1 13 21,67 17 14,17
Irrigation 1.1-15 3 >0 : o
1 1,67 0 0,00
>2 6 10,00 1 0,83
<05 2 3,33 40 33,33
Tadah 0 0,00 3 2,50
Rain 1,1-15 0 0,00 2 1,67
151-2 0 0,00 2 1,67
> 92 1 1,67 0 0,00
<05 52 86,67 46 38,33
Garden/ 0 0,00 5 4,17
Ladang 1 1,67 1 0,83
> 92 0 0,00 7 5,83

Source: Primary Data Analysis, 2023

The condition of land tenure by rice farmers in East Java and South Sulawesi generally consists
of irrigated rice fields, rained rice fields, and gardens or fields with tenure areas ranging from
< 0.5 hectares to > 2 hectares. The condition of land tenure by rice farmers is relatively the
same as that by onion farmers, both from agroecosystems and land tenure status. Land tenure
by onion farmers at the study site in detail is presented in Table 3

Table 3. Land Tenure by Shallot respondent in East Java and South Sulawesi
Ngawi Regency, Jawa Bone Regency, South

Agro Land Size Timur Province (ha) Sulawesi Province (ha)
ecosystem (ha) sum Pr?(;)c))se sum Propose (%)
Rice fields <05 40 66,67 56 46,67
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Irrigation 0. 51%-
0.51 15 25,00 1 0,83
1,1-15 1 1,67 2 1,67
151-2 3 5,00 0 0,00
> 2 1 1,67 1 0,83
<05 55 91,67 60 50,00

0. 51

Rice fields %- 3 5,00 0 0,00
1,1-15 0 0,00 0 0,00
151-2 0 0,00 0 0,00
> 2 0 0,00 0 0,00
<05 58 96,67 41 34,17
Garden/ 0. 51%- 1 1,67 11 9,17
Ladang 1,1-15 0 0,00 4 3,33
151-2 0 0,00 0 0,00
> 2 0 0,00 1 0,83

Source: Primary Data Analysis, 2023

Regarding the adoption of innovative technology, farmers, response to technology, shown by
the proportion of farmers who adopt technology, can be used as a proxy for the success or
failure of downstream technology. For adoption measurement needs, it is divided into five
categories, namely: < 50 — 59 percent = low; 60 — 69 percent = medium; 70 — 79 percent = high
enough; 80 — 89 percent = high, and > 90 Percent = very high. In rice crop cultivation, farmers
have adopted as many as nine technological components that contribute to increased
agricultural productivity and efficiency. These technical components include the use of Quality
Superior Varieties (VUB) to produce better quality crops, the application of the legowo
planting method (jarwo), which focuses on increasing plant density and more efficient use of
resources, the use of organic fertilizer and inorganic fertilizers to improve soil fertility, control
strategies for Plant Disturbing Organisms (OPT) to reduce losses due to pest and disease
attacks, and the utilization of young seedlings in fewer than 21 days to start planting.

In addition, intermittent technology, proper harvest timing, efficient threshing process, and
various other technologies have also been adopted by farmers to optimize their rice cultivation
yields. Assessments of regarding the adoption rate of these technologies are illustrated in Table
4.

Table 4. Proportion of Farmers Adopting Rice Cultivation Technology in East Java and South

Sulawesi
Ngawi Regency, Jawa Timur Bone Regency, South
Technology Components Province (ha) Sulawesi Province
Sum Propose (%) Sum Propose (%)
1. VUB 51 85,00 34 56,67
2. Jarwo 33 55,00 33 55,00
3. Organic fertilizer 47 78,33 41 68,33
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4. Non Organic fertilizer 55 91,67 56 93,33
5. OPT 55 91,67 52 86,67
6. Young seedlings 45 75,00 57 95,00
7. Intermitten 44 73,33 45 75,00
8. Timely harvesting 50 83,33 42 70,00
9. Fall 52 86,67 44 73,33
10. Other 5 8,33 1 1,67

Source: Primary Data Analysis, 2023

In the context of onion cultivation, farmers have adopted various technological components to
increase the productivity and efficiency of agricultural businesses. Seven main specialized
features have been adopted by farmers, including the use of superior quality varieties (VUB)
to ensure better crop quality, the use of shallots seeds that have advantages in plant propagation
and growth, and the application of organic and inorganic fertilizers to increase soil fertility and
production. In addition, farmers also apply Plant Disturbing Organisms (OPT) control
technology to reduce the risk of pest and disease attacks on onion plants. Determining the right
harvest time is also a critical factor in achieving optimal yields. Withering, or pruning of certain
parts of plants, is another adopted to regulate plant growth and produce quality onion bulbs.
In the East Java region, most rice cultivation technologies have been well received y farmers,
with adoption rates ranging from relatively high to very high. However, there are exceptions
to adopting "jajar legowo (jarwo)" planting technology, which has a relatively low adoption
rate. The highest adoption of fertilization technology shows that farmers recognize the
significant benefits of fertilizer use in increasing crop yields. In South Sulawesi, the highest
adoption of rice technology was recorded using young seedlings with a planting time of less
than 21 days. This indicates that farmers in this region are aware the advantages of young
seedlings when starting planting. However, the adoption of "jajar legow (jarwo)" technology
in the area is low, which can be influenced by environmental conditions and local preferences.
The adoption of technology in shallot commaodities is presented in Table 5.

Table 5. Proportion of Farmers Adopting Shallot Cultivation Technology in East Java and
South Sulawesi

Ngawi Regency, Jawa Timur Bone Regency, South Sulawesi

Technology Province Province

Components Propose (%) Propose (%)
1. VUB 65,00 66,67
2. Seeds TSS 16,67 45,00
3. Organic 86,67 75,00
4. Anorganic 90,00 76,67

325



Tuijin Jishu/Journal of Propulsion Technology
ISSN: 1001-4055
Vol. 44 No. 5 (2023)

5. OPT 90,00 76,67
6. Proper

Harvesting 78,33 76,67
7. Wilted 76,67 76,67
8. Other 33,33 0,00

Source: Primary Data Analysis, 2023

The performance of technology adoption in the context of rice and onion cultivation contributes
significantly to the achievement of agricultural productivity. The application of technological
components in rice cultivation, such as the use of high quality variety (VUB) to improve crop
quality, the planting method (jarwo) for resource efficiency, and organic and inorganic
fertilization to increase soil fertility, has been proven to increase overall crop yields. In
addition, other technological approaches, such as the control of Plant Disturbing Organisms
(OPT), the use of young seedlings with the proper planting time, and efficient threshing
practices, also play a role in maximizing the productivity of rice cultivation.

Similarly, in onion cultivation, the adoption of technological components such as the use of
(VUB), organic and inorganic fertilizers, and the control of plant disturbing (OPT), has helped
increase production yields. In addition, factors such as proper timing of harvesting, regular
withering, and the application of other technologies have contributed positively to the
productivity of shallots.

However, although most components of shallot cultivation technology are adopted with a high
success rate in East Java, two technological parts tend to have lower adoption rates. The
technology of using TSS seeds and VUB did not experience significant adoption in the region.
This may indicate certain factors that influence farmers, acceptance of the technology, such as
awareness of its benefits, availability of relevant seeds or varieties, and technical skills required
to apply the technology.

In the South Sulawesi region, the overall adoption rate of shallot cultivation technology varies,
Technology adoption ranges from low to moderately high, as shown in Table 5. Factors such
as environmental conditions, accessibility to resources, and government support or local
agricultural institutions can play an essential role in determining the level of agricultural
technology adoption in the region.

The adoption of technology in both cultivation reflects the commitment of farmers to adopt a
more scientific and effective approach in their agricultural ventures. This is directly related to
the achievement of higher productivity, which ultimately has a positive impact on improving
food supply and farmers welfare.

The adoption of technology in rice and onion cultivation, as observed in the context of East
Java and South Sulawesi Provinces, can be interpreted as a manifestation of downstream
innovative technology. Downstream innovative technology refers to the process of applying
new or innovative technology in the agricultural and crop cultivation sectors, which in turn has
an impact on increasing productivity and efficiency at the local level [46].
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The diversity in technology adoption in rice and onion cultivation in the two provinces reflects
empirical facts that illustrate the operationalization of factors influencing technology adoption.
These factors can be sourced from the internal environment of the farmer or external factors in
the surrounding environment.

4.3 Success Factors in Downstream Innovative Agricultural Technology

Based on the results of interviews with respondents in the field, internal factors play a
significant role in influencing the adoption of innovative technology in rice and onion
cultivation. These factors include the age of the farmer, the level of formal education,
experience in farming, and the extent of land tenure. Likewise, farmers who have higher formal
education tend to be better able to understand the benefits and ways of using new technologies.
External factors also have a significant impact on the process of technology adoption. These
factors involve environmental aspects around farmers, such as the accessibility of the area
where the farm is located, the availability of capital to support investment in new technologies,
the availability of technological resources such as training or technical guidance, and the
availability of access to transportation networks such as highways that facilitate the distribution
of crops.

Based on the conditions of age, education, and farming experience, these three factors are
proven to be interrelated determinants. Age diversity conditions reflect differences in life stages
and career cycles, which can affect perceptions and readiness to adopt technological change.
The variety of formal education bases gives an idea of the literacy level and underlying
conceptual understanding, which may affect their ability to understand and apply new
technologies. Finally, the diversity of farming experiences reflects different levels of exposure
to previous innovations, which shape attitudes toward the adoption of innovative technologies.
Through careful qualitative descriptive analysis, it was found that age, educational base, and
farming experience collectively contribute to the willingness and capability of rice farmers and
onion farmers to respond to technological changes. Taking these factors into account, this
research provides deeper insights into the dynamics of innovative technology adoption within
the agricultural sector, which in turn can help design more effective strategies to facilitate
technology deployment among diverse farming communities.

Technological advances have had a significant impact on the agricultural sector in Indonesia.
The two regions highlighted in this regard are East Java and South Sulawesi. Both regions have
developed and adopted innovative technology packages for rice and onion cultivation.
Although both countries have successfully adopted innovative technologies in cultivating their
respective crops, there are striking differences in conditions between East Java and South
Sulawesi. East Java is more prominent in rice cultivation, whereas South Sulawesi focuses on
developing successful shallot cultivation. Environmental conditions, climate, and natural
resources of each region also affect the choice of cultivation taken The Innovative technology
packages designed in East Java and South Sulawesi have had a significant impact on rice and
onion cultivation. Although both regions showed mixed conditions, the results were equally
impressive. This success indicates that technological development in the agricultural sector has
great potential to improve Indonesia overall productivity and food security.
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5. Conclusion

This study seeks to reveal institutional patterns in downstream innovative technology, analyze
farmers” responses to the technology delivered, and examine the factors that influence the
success of downstream technology the case of rice and onion commodities in Ngawi Regency,
East Java Province, and Bone Regency, South Sulawesi Province. The downstream pattern of
innovative technology of the Agricultural Research and Development Agency is characterized
by stages starting from preparing innovations through upstream research (mainstream),
assessment (adaptation testing), development (model making), and application by users whose
processes involve formal and non-formal institutions from the central to regional levels.
Farmers responses to technological innovations evaluate the success of downstream and the
conditions vary. In this case, farmers response to rice cultivation technology is higher than that
to onion cultivation technology. Internal and external factors influence it. The internal factors
in question are age, education, farming experience, and land area owned by farmers, whereas
external factors are access to capital, technology, and transportation. A deep understanding of
these factors can help design more effective strategies to promote technology adoption among
farmers, considering the unique context and characteristics of each region.

This research is a case study limited to 2 regions in rice and onion production centers.
Therefore, the results of this research cannot be generalized to all areas of Indonesia. The
patterns, responses, and factors causing the success of downstream production in this study can
be adopted in areas with the same characteristics as the research sample. Therefore, researchers
suggested that more in-depth research should be conducted on adopting technology in
commodities other than rice and shallots and non-central areas.
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