Farmers Perception of Agri-Tech Startup–FPO Integration in Strengthening Extension Advisory Services: Evidence from Telangana and Chhattisgarh

ABSTRACT:
The growth of Agri-tech startups and Farmer Producer Organizations (FPOs) has created opportunities to improve agricultural practices and advisory services for smallholder farmers. Agri-tech startups provide tools such as mobile applications, drones, satellite imagery, and data-driven advisory platforms, while FPOs offer a structure for collective action, better market access, and shared resources. Combining these systems can enhance Extension Advisory Services and support smallholder farmers more effectively. This study aimed to measure the perception of farmers about Agri-Tech startup–FPO integration for improved Extension Advisory Services. The study employed an exploratory research design in Telangana and Chhattisgarh, selecting ten FPOs (five from each state) purposively based on their operational tenure, membership size, core business activities, and utilization of digital tools. From these FPOs, 300 farmers were randomly sampled. Farmers’ perceptions were measured using a 28-item Likert-scale instrument, and the extent of perception is determined. The results showed a moderately favourable extent of perception, with an overall WMS of 3.14 (62.95%). Farmers in Telangana reported a higher extent of perception (WMS = 3.30; 65.94%) than those in Chhattisgarh (WMS = 3.00; 59.96%). In Telangana, 68% of respondents had medium perception, 21.33% high, and 10.67% low, while in Chhattisgarh, 56% had medium, 16.67% high, and 27.33% low perception. The mean perception scores were significantly higher in Telangana (87.36) compared to Chhattisgarh (84.03), with a Z-statistic of 3.972 (p < 0.001), reflecting stronger acceptance of Agri-Tech–FPO integration. These findings indicate that the extent of favorable perception is important for adoption. Focused training, digital literacy programs, and demonstration of practical benefits can improve understanding and confidence, promoting wider adoption of digital tools and strengthening the collaboration between FPOs, Agri-Tech startups, and smallholder farmers.
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1. INTRODUCTION
India is strengthening its position in the global agricultural market, yet the majority of its farmers with approximately 82% own small or marginal landholdings and continue to face the hardships of traditional farming, often trapped in a cycle of poverty. Fragmented and unorganized landholdings restrict farmers’ ability to practice mixed cropping, adopt innovative cultivation techniques, or achieve economies of scale. These structural limitations make it difficult to access high-quality inputs, advanced seeds, fertilizers, or modern agricultural technologies (Adhikari et al., 2021). To ensure that smallholder farmers are included in agricultural development, it is essential to integrate them into collective structures that can overcome these limitations (Vadivelu and Kiran, 2013). Farmer collectives serve as critical linkages between smallholders and modern input and output markets, providing multiple socio-economic benefits and supporting market access, resource sharing, and knowledge dissemination (Trebbin and Hassler, 2012).
Among these collectives, Farmer Producer Organizations (FPOs) have emerged as a transformative institutional model. Legally recognized as cooperatives, producer companies, or self-help groups, FPOs are owned and governed by the farmers themselves. They enable aggregation of produce, collective procurement of inputs, and access to institutional support, finance, and technology (Kurien, 2004). The concept of FPOs in India was initially advocated by the Y.K. Alagh Committee, which recommended Farmer Producer Companies as a hybrid model combining the social orientation of cooperatives with the efficiency of private enterprises (NABARD, 2015). The impact of these organizations has reached a significant milestone recently; as of 1st Januaury 2026, India has successfully completed the formation of 10,000 FPOs under the Central Sector Scheme. This initiative has mobilized over 56.32 lakh farmers, with a notable emphasis on inclusivity approximately 21.96 lakh members are women, and 1,175 FPOs are composed entirely of women (PIB, 2026). A prominent contemporary example is Sahyadri Farms in Maharashtra, which has evolved into a leading "agri-tech powerhouse." It has established a robust ecosystem for over 18,000 farmers and achieved a cumulative turnover of ₹1,924 crore in FY2025, illustrating how farmer-led enterprises can successfully scale to compete in global markets (ICRA Limited, 2025). Over the past decade, FPOs have gained momentum as policymakers’ preferred instrument for empowering small and marginal farmers, promoting collective action, reducing transaction costs, and improving market participation (Markelova et al., 2009; Valentinov, 2007). 
While FPOs provide the structural and legal framework for collective action, Agri-tech startups are increasingly playing a crucial role in providing the technological backbone needed to make these organizations more effective. Startups bring innovative, knowledge-intensive solutions to agriculture, introducing digital tools, precision technologies, and integrated platforms that enhance efficiency and connectivity (OECD, 2013). By partnering with FPOs, startups help smallholder farmers access input marketplaces, satellite imagery for crop monitoring, drones for inaccessible areas, mobile applications for sowing, big data analytics for performance assessment, smart supply chains, farm-to-retail linkages, and rental services for advanced equipment. These interventions not only improve farm productivity but also strengthen the bargaining power of farmers, enhance resilience, and promote sustainability.
The integration of FPOs and Agri-tech startups is particularly significant in connecting farmers to agribusiness corporates. While corporates recognize FPOs as potential partners, concerns related to produce quantity, timeliness, and quality often limit direct engagement. Agri-tech startups address these challenges by mediating between FPOs and corporates, standardizing processes, ensuring timely delivery, and maintaining quality, thereby fostering mutually beneficial partnerships. By combining the operational structure of FPOs with the technological and market innovations of startups, smallholder farmers can participate in formal, scaled-up agribusiness systems, improving both income and livelihoods.
2. OBJECTIVE:
To study the Perception of farmers about Agri-Tech startups - Farmer Producer Organisation (FPO) integration for improved Extension Advisory Services
3. METHODOLOGY: 
The study was guided by an exploratory research design, selected due to the emerging and relatively under-investigated nature of the Agri-Tech Startup–Farmer Producer Organization (FPO) ecosystem and its linkages with Extension Advisory Services (EAS). Exploratory research is particularly suited for investigating new phenomena, enabling a comprehensive understanding of processes, relationships, and contextual dynamics when prior empirical evidence is limited. 
The research was conducted in Chhattisgarh and Telangana between 2022 and 2024, two states chosen for their contrasting agricultural and socio-economic characteristics. Telangana represents a region with relatively advanced institutional support, digital adoption, and market linkages, while Chhattisgarh reflects areas where modernization of agriculture is still in a developmental stage. Studying these states provided a nuanced view of how Agri-Tech innovations integrate with FPO structures under varying conditions, offering insights that are both region-specific and transferable across similar contexts.
An initial list of active FPOs was compiled using multiple institutional sources, including the Small Farmers’ Agribusiness Consortium (SFAC), NABARD, state agriculture departments, and NGOs. From this database, ten FPOs i.e., five each from Telangana and Chhattisgarh, were purposively selected based on criteria designed to ensure relevance and operational engagement with digital agricultural solutions. The criteria included a minimum operational tenure of four years, membership of at least 350 farmers, active participation in core business activities such as aggregation, input supply, marketing, value addition, or processing, use of at least one digital or Agri-Tech tool, and established linkages with startups, KVKs, NGOs, or government agencies. This ensured that the selected FPOs were representative of organizations actively involved in both traditional and digital agricultural practices.
Within these FPOs, 30 member farmers from each organization were randomly selected to participate in the study. This resulted in 150 farmers from Telangana and 150 farmers from Chhattisgarh, for a total of 300 respondents. This multi-stage sampling approach combined purposive selection at the organizational level with random selection at the individual level, ensuring diversity, reliability, and sufficient representation of stakeholders. Such a design provided a robust framework to examine the integration of Agri-Tech solutions in FPO operations and their impact on extension service delivery, while capturing variations across different regional and socio-economic contexts.
The study employed a standardized perception scale developed and validated by Praneeth et al. (2024) to assess farmers’ perceptions of the integration of Agri-Tech startups and Farmer Producer Organizations (FPOs) for enhancing Extension Advisory Services. The scale was originally constructed using the Summated Ratings Method proposed by Likert (1932), following the systematic procedure adopted by Harikrishna et al. (2021), Nedhi Rani Sharma (2023), Patel Rathod et al. (2023), Rathod et al. (2023), Shah Rathod et al. (2023), and Singh Rathod et al. (2023). The final version of the instrument comprises 28 statements, covering both positive and negative aspects of Agri-Tech–FPO integration. These items were arranged in a randomized order to minimize response bias and ensure objectivity in responses. In the present study, the validated scale was administered to collect field data from farmers to quantify the extent of perception regarding Agri-Tech–FPO integration.
Respondents were asked to indicate their level of agreement using a five-point Likert scale, ranging from strongly agree (5) to strongly disagree (1), with reverse scoring applied for negatively worded statements. Each respondent’s overall perception score was computed by summing the scores for all items, resulting in a possible range from 28 to 140. Higher scores indicate a more favorable perception of Agri-Tech startup–FPO integration for improving the effectiveness of Extension Advisory Services. 
Weighted Mean Score (WMS) Calculation:
For each statement, a Weighted Mean Score (WMS) was computed using the formula:

Where ,
f  = Frequency for a given response
s = Score assigned to that response 
N = Total number of respondents
Extent of Perception calculation:
Extent of Perception levels of farmers towards Agri-tech startups and FPOs integration is calculated using formula: 
For each statement, extent of Perception was computed using the formula:

Based on the total obtained score, the respondents were then categorized into three categories using the class interval method. 
4. RESULTS AND DISCUSSION: 
The data in the table 1 highlights extent of perception of farmers on Agri-tech startups–FPO integration in Telangana. To quantify their responses, Weighted Mean Scores (WMS) and corresponding percentage extents were computed to gauge the degree of agreement with each perception statement.
The overall analysis reveals a moderately favorable perception of Agri-Tech–FPO integration among farmers, with an aggregate WMS of 3.14, translating to a 62.95% extent of perception. Disaggregated state-wise analysis demonstrates a perceptible difference in outlook: farmers in Telangana recorded a higher perception level (WMS = 3.30; 65.94%) in comparison to their counterparts in Chhattisgarh (WMS = 3.00; 59.96%). This suggests that farmers in Telangana are relatively more receptive to the potential benefits of Agri-Tech–FPO collaboration, possibly due to greater exposure or more proactive engagement with such initiatives within the region.
Among the specific statements, several insights emerge. The highest perception in Telangana was observed for the statement "Farmers are unwilling to pay for advisory services due to financial limitations" (WMS = 3.55; 70.93%), indicating that economic affordability remains a core concern, regardless of perceived utility. Similarly, strong agreement was observed for "It leads to the creation of a new extension system that comprises specialized service providers" (3.48; 69.60%) and "Farmers believe that this integration is not a complete solution to all their problems" (3.46; 69.20%), reflecting a nuanced understanding that, while promising, the integration is not perceived as a panacea.
In Chhattisgarh, perception levels were generally more cautious. The highest-rated statement was "It would play a crucial role in bringing the technology and innovations to farmers" (WMS = 3.03; 60.53%), followed closely by "The integration can be the next-generation technology revolution in the agri-food sector" (3.03; 60.67%). However, several items dipped below the 60% perception mark, including "The integration may result in the exploitation of farmers by the dominating Agri-Tech startups" (2.86; 57.20%) and "Integration can help farmers with the mechanization of farming through affordable machine rentals" (2.89; 57.87%). These responses indicate significant apprehension among farmers in Chhattisgarh regarding affordability, trust, and operational viability of such partnerships.
Interestingly, statements capturing the transformative potential of integration were moderately endorsed across both states. The statement "Integration helps farmers and FPOs access new e-commerce markets to improve profitability" received an overall WMS of 3.25 (64.87%), while "Agri-Tech and FPO integration can provide real-time weather updates, predict yields, and help manage farm activities" was rated 3.27 (65.40%). These scores suggest a recognition of the tangible benefits that can accrue through improved access to information, services, and markets.
At the same time, challenges were clearly articulated. The concern that "Technological illiteracy is a major barrier to the adoption of Agri-Tech solutions" received an overall WMS of 3.07 (61.40%), and "High-priced Agri-Tech solutions are unaffordable, even for FPOs with small and marginal farmer members" scored 3.18 (63.47%). Such findings underscore the persistent constraints related to financial accessibility and digital capacity, which may hamper widespread adoption unless systematically addressed.
Overall, the perception levels indicate that farmers, while generally optimistic about the Agri-Tech–FPO integration model, continue to evaluate it through the pragmatic lenses of affordability, accessibility, and service credibility. The relatively higher perception scores in Telangana suggest a stronger foundational readiness for such integration, whereas in Chhattisgarh, the findings reflect a need for more targeted sensitization, capacity-building, and confidence-building measures. Importantly, the results demonstrate that while the integration is viewed as technologically promising with potential to transform extension delivery, value chains, and farm management, there remain critical gaps in trust, policy support, and financial inclusion that must be addressed for the integration to succeed equitably across diverse agro-regions.







[bookmark: _Hlk205322022]Table 1: Distribution of respondents according to the Extent of their perception towards Agri-Tech startups - FPO integration
	S.No
	Statements
	Telangana
(n-150)
	Chhattisgarh (n=150)
	Overall
(n=300)

	
	
	WMS
	( %)
	WMS
	( %)
	WMS
	(%)

	1
	The integration can be the next-generation technology revolution in the agri-food sector
	3.39
	67.87
	3.03
	60.67
	3.21
	64.27

	2
	It would play a crucial role in bringing the technology and innovations to farmers.
	3.34
	66.80
	3.03
	60.53
	3.19
	63.67

	3
	It introduces new approaches to Extension Advisory services (EAS) that will trigger competition and positive changes in the existing extension system.
	3.29
	65.87
	3.02
	60.40
	3.16
	63.13

	4
	It leads to the creation of a new extension system that comprises specialized service providers for various extension needs.
	3.48
	69.60
	2.9
	58.00
	3.19
	63.80

	5
	In the long run, the integration will help in refining the existing package of practices into a customized and more applicable set of practices
	3.17
	63.33
	3.13
	62.67
	3.15
	63.00

	6
	FPO boards should actively identify suitable Agri-tech Startups based on member needs and set clear collaboration guidelines.
	3.32
	66.40
	3.10
	62.00
	3.21
	64.20

	7
	The integration may result in the exploitation of farmers by the dominating Agri-tech Startups
	3.38
	67.60
	2.86
	57.20
	3.12
	62.40

	8
	FPOs can use their collective bargaining power to make expensive Agri-tech services affordable for farmers.
	3.10
	62.00
	2.91
	58.13
	3.01
	60.07

	9
	Farmers can benefit through improved market access, scalability, traceability, and value chain transparency.
	3.06
	61.20
	3.01
	60.13
	3.04
	60.67

	10
	An FPO-based ecosystem can help farmers build an end-to-end technology-enabled value chain.
	3.21
	64.13
	2.95
	58.93
	3.08
	61.53

	11
	Integration supports adoption of advanced tools like drones and IoT, improving efficiency and productivity.
	3.31
	66.27
	2.95
	59.07
	3.13
	62.67

	12
	It helps to unlocks disruptive technologies to enhance scalability, systems, and long-term sustainability.
	3.31
	66.13
	2.91
	58.27
	3.11
	62.20

	13
	Agri-tech startups can help farmers manage pests and diseases with real-time data and image recognition to improve crop management
	3.41
	68.27
	2.99
	59.87
	3.20
	64.07

	14
	Integration helps farmers and FPOs access new e-commerce markets to improve profitability.
	3.38
	67.60
	3.11
	62.13
	3.25
	64.87

	15
	Agri-tech startups can increase crop yields and reduce cultivation costs with accurate, customized advisory services.
	3.14
	62.80
	3.06
	61.20
	3.10
	62.00

	16
	Agri-tech and FPO integration can provide real-time weather updates, predict yields, and help manage farm activities.
	3.44
	68.80
	3.10
	62.00
	3.27
	65.40

	17
	The benefits of this integration depend on an individual farmer’s financial stability, education, and comfort with technology.
	3.28
	65.60
	3.11
	62.13
	3.20
	63.87

	18
	A robust policy framework is needed for the Agri-tech and FPO ecosystem to grow and succeed.
	3.19
	63.87
	2.99
	59.87
	3.09
	61.87

	19
	This integration will be built on the pillar of providing instant, cost-effective, and expert services.
	3.27
	65.47
	2.89
	57.73
	3.08
	61.60

	20
	This integration will be built on the pillar of providing instant, cost-effective, and expert services.
	3.29
	65.73
	3.00
	60.00
	3.15
	62.87

	21
	Many farmers are pessimistic about the potential of Agri-tech startups for their farm operations.
	3.01
	60.27
	3.15
	63.07
	3.08
	61.67

	22
	Farmers believe that this integration is not a complete solution to all their problems.
	3.46
	69.20
	2.87
	57.33
	3.17
	63.27

	23
	Farmers are unwilling to pay for advisory services due to financial limitations.
	3.55
	70.93
	2.99
	59.73
	3.27
	65.33

	24
	Farmers are concerned that Agri-tech startups "overpromise and underperform" regarding service reliability.
	3.24
	64.80
	3.05
	61.07
	3.15
	62.93

	25
	Technological illiteracy is a major barrier to the adoption of Agri-tech solutions.
	3.20
	64.00
	2.94
	58.80
	3.07
	61.40

	26
	High-priced Agri-tech solutions are unaffordable, even for FPOs with small and marginal farmer members.
	3.36
	67.20
	2.99
	59.73
	3.18
	63.47

	27
	This integration has great potential to mobilize farmer groups and ensure timely access to farm inputs.
	3.33
	66.67
	3.01
	60.27
	3.17
	63.47

	28
	Integration can help farmers with the mechanization of farming through affordable machine rentals.
	3.40
	68.00
	2.89
	57.87
	3.15
	62.93

	
	Overall Extent of Perception level (%)
	
	65.94
	
	59.96
	
	62.95


WMS: Weighted Mean Score, %: percentage


Fig. 1. Distribution of respondents (Telangana farmers) according their level of Perception towards Agri-tech startup and FPO integration

Fig. 2. Distribution of respondents (Chhattisgarh farmers) according their level of Perception towards Agri-tech startup and FPO integration
Average Overall perception level: 62.95 %


Fig. 3. Distribution of respondents (overall farmers) according their level of Perception towards Agri-tech startup and FPO integration
The data in the table 2 reveals the Overall perception level of farmers regarding the integration of Agri-Tech startups with Farmer Producer Organizations (FPOs).


Table 2: Distribution of respondents according to their level of perception towards Agri-Tech startups - Farmer Producer Organization (FPO) integration
	S. No
	Category
	Telangana
(n=150)
	Chhattisgarh
(n=150)
	Overall (n=300)

	
	
	F
	 %
	F
	 %
	F
	 %

	1. 
	Low (66 to 78 score)
	16
	10.67
	41
	27.33
	57
	19.00

	2. 
	Medium (79 to 92 score)
	102
	68.00
	84
	56.00
	186
	62.00

	3. 
	High (Above 93 score)
	32
	21.33
	25
	16.67
	57
	19.00

	
	Mean
	87.36
	84.03
	
	

	
	S. D
	6.91
	7.58
	
	

	
	Z Value
	3.972***
	
	


F: Frequency, %: Percentage 
In Telangana, the majority of respondents (68.00 %) exhibited a medium level of perception, indicating a moderate understanding and acceptance of Agri-Tech–FPO integration. About 21.33 % had a high perception, reflecting a positive outlook and awareness of its potential benefits. Only 10.67 % displayed a low perception, suggesting limited familiarity or confidence in such integration.
In Chhattisgarh, 56.00 % of farmers had a medium perception, indicating general awareness but possibly a need for further exposure. A slightly lower 16.67 % held a high perception, while a significant 27.33 % exhibited a low perception, pointing to a noticeable gap in awareness or trust in the Agri-Tech–FPO collaboration.
At the Overall level, 62.00 % of respondents demonstrated a medium perception, while both low and high perception categories were evenly distributed at 19.00 % each. This pattern highlights the need for targeted sensitization and digital literacy initiatives, to enhance understanding and confidence in Agri-Tech–FPO integration. Improving farmers' exposure to successful models, facilitating participatory training, and showcasing real-time benefits could help shift perception levels from medium or low to high, thus fostering greater adoption of digital innovations in agriculture.
[bookmark: _GoBack]The mean perception score toward Agri-Tech Startup–FPO integration was significantly higher in Telangana (87.36) compared to Chhattisgarh (84.03). The Z-statistic of 3.972 and p-value < 0.001 confirm this as a statistically significant difference. Telangana farmers hold a more positive perception of the potential and relevance of such integration in improving agricultural advisory and support services. Favourable perception is a key precursor to adoption, and this result highlights the readiness of Telangana farmers to embrace digital innovations and institutional collaboration for better agricultural outcomes.
CONCLUSION:
These findings suggest that while farmers are generally optimistic about Agri-Tech–FPO integration, significant state-wise differences exist. Telangana farmers appeared more receptive, highlighting a better understanding and readiness to embrace digital transformation in agriculture. In contrast, Chhattisgarh showed moderate acceptance, indicating a need for improved awareness and infrastructural support. In conclusion, while there is a visible shift towards embracing Agri-Tech–FPO integration, the overall moderate level of perception points to the need for strengthening awareness, building trust, and addressing cost and literacy barriers, particularly in regions like Chhattisgarh. Targeted interventions, inclusive policies, and grassroots-level digital education can play a transformative role in enhancing farmer readiness for digital agriculture.
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