Research Article

Indian Journal of Extension Education
Vol. 62, No. 2 (April-June), 2026, (94-100)

ISSN 0537-1996 (Print)
ISSN 2454-552X (Online)

From Innovation to Implementation: A Qualitative Study of Kushinagar District
Sugarcane Farmers’ Technological Experiences

Pratibha Chaturvedi'* and Lalita Vatta®

'Research Scholar, *Professor, Department of Home Science (Extension and Communication), Banaras Hindu University, Varanasi-221005, Uttar

Pradesh, India

*Corresponding author email id: pratibhal7@bhu.ac.in

HIGHLIGHTS

e  Research-driven technical advancements and the real-world experiences of sugarcane farmers differ significantly.

e  Because of poor digital literacy and inadequate extension assistance, the advantages of digital tools which have increased efficiency and

transparency remain unequal.

e  Local agroclimatic, irrigation, and farm-size realities are not taken into account by universally applicable research solutions.

e  Sustainable sugarcane development requires research that is context-specific, participatory, and has stronger institutional and feedback

links.
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As information and communication technologies and precision agriculture instruments are
integrated, agricultural management techniques are being enhanced. Through improved input
applications, communication across various hardware and datasets, and reduced production
costs, this integration intends to improve the sustainability of the sugarcane crop production
system. Many sugarcane farmers, especially smallholders, continue to face low profitability,
increased input prices, labour shortages, and limited benefits from institutional and digital
innovations despite consistent research investment and technical advancements. The research
tried to understand sugarcane-growing farmers’ viewpoints and experiences about
digitalization and challenges in sugarcane farming. In the Kushinagar district of Uttar
Pradesh, exploratory-descriptive qualitative research was carried out at the Deoria Sugarcane
Committee’s Jaura Bazar Centre “A” between October 2023 and January 2025. A pre-
tested semi-structured guide was used to conduct in-depth, in-person interviews with
purposively recruited twenty-four sugarcane producers. Interviews were audio recorded,
verbatim transcribed, and subjected to thematic analysis using NVivo 15. Results show
significant discrepancies between farmers’ lived experiences, extension services, and
agricultural research. Technical innovations like online slip generation, digital payment
systems, and digitization have increased operational efficiency and transparency. Adoption
was hampered by low digital literacy, limited access to advanced technology, insufficient
extension assistance, and poor institutional coordination.

INTRODUCTION

The cultivation of sugarcane has changed significantly in recent
decades as a result of institutional, technological, and economic
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advancements. Sugarcane continues to be one of India’s most
significant commercial crops and is essential to rural lives and agro-
based businesses, especially in the state of Uttar Pradesh. To
improve agricultural operations and marketing procedures, tools
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including mobile phones, digital advising platforms, online cane
slips, and direct bank payment methods have been implemented.
ICT is crucial to modern agriculture, according to Devi et al. (2025),
since it gives farmers fast and precise information that improves
production, farm management, market access, price, and income
while lowering agricultural hazards. Mukhamedova et al. (2022)
state that modern digital information systems are necessary for the
effective use of precision farming, particularly when utilising
complete Farm Management Information Systems. However, the
use of digital technology in agriculture is still unequal, especially
among small and marginal farmers who frequently encounter issues
with infrastructure, financial resources, and digital literacy. Udisha
et al. (2023) discovered issues such as a lack of understanding
regarding digital agriculture, a lack of enabling legislation, and poor
internet connectivity. The authors recommend creating supportive
laws, increasing digital literacy, and modernizing infrastructure to
promote the use of digital agriculture. Awan et al. (2019) claim that
the lack of local information centers and the high percentage of
illiteracy are the primary barriers keeping farmers from utilizing
modern information systems. Due to their limited exposure to
modern technology, many farmers still employ traditional methods
and lack familiarity with contemporary agricultural practices.
Information and communication technologies have become a crucial
part of contemporary agricultural extension operations. Farmers are
using ICT tools like smartphones, social media, and digital advisory
services more frequently to get timely agricultural information,
weather forecasts, and market updates (Mukherjee & Jha, 2024).
Singh and Mathur (2024) found that ICT platforms offer
tremendously more potential for providing rural communities with
agricultural information and enhancing farmers’ ability to manage
their farms more effectively. According to the report, farmers are
depending more and more on ICT tools to get crop-related
information, advisory services, and technology advancements that
help them make agricultural decisions. Increasing use of digital
devices, such cellphones, in obtaining agricultural information has
also been highlighted by recent study. According to a research by
Singh et al. (2025), most farmers utilized cellphones to get
information about market pricing, pest control, and weather
predictions. However, the study also showed that farmers’ use of
advanced digital services is still modest and is impacted by variables
including knowledge level, landholding size, and education level.
Research has shown how crucial it is to increase farmers’ access to
and understanding of ICT for successful digital agriculture. According
to Kumar (2025), even though farmers are becoming more aware of
the advantages of ICT tools, the majority of farmers still only have
a medium level of ICT understanding. This suggests that more digital
literacy and extension help are necessary to increase technology
adoption.

METHODOLOGY

This study used an exploratory-descriptive qualitative research
technique to give a thorough understanding of farmers’ perspectives,
challenges, and experiences with digitalization and technological
transformation in sugarcane farming. The study was guided by the
Consolidated Criteria for Reporting Qualitative Research) checklist
Tong et al. (2007) to ensure methodological quality, rigor, and

transparency. Between October 2023 and January 2025, in depth,
face-to-face interviews were carried out at participants’ homes or
farms, based on their preferences. The research team adhered to
the COREQ standards in order to ensure the transparency, validity,
and dependability of the qualitative data. Since the Jaura Bazar
Center “A” within the Deoria Sugarcane Development Committee
in Kushinagar district had the greatest sugarcane output under the
Cooperative Sugarcane Development Committee Limited, Deoria,
the current study was purposefully carried out there in 2024.
According to government statistics, Kushinagar district has become
one of Uttar Pradesh’s top producers of sugarcane. Approximately
3.62 million metric tons of sugarcane were grown on 68,739 hectares,
yielding roughly 52.69 quintals per hectare (KVK Kushinagar).
Twenty-four sugarcane growers participated in the study. Three
participants were selected by each of the eight villages out of sixteen
villages. An appropriate sample size for qualitative analysis was
maintained while balanced geographic representation was ensured
by choosing three farmers every village. Participants were chosen
on the basis of their willingness to take part in the study, marketing
their crop through the sugar mill system, and having at least five
years of experience growing sugarcane. Farmers from a variety of
age groups between 31 and 40, between 41 and 50, and above 50
were included in the sample. Capturing intergenerational disparities
in opinions toward the adoption of digital technology in agriculture
was made easier by include a variety of age groups, levels of
education (from primary school to higher secondary and graduate
school). This variance made it easier to comprehend how farmers’
knowledge and use of digital agricultural technology are influenced
by their level of education. Farm sizes (less than two hectares, two
to four hectares, and more than four hectares). This classification
made it easier to examine how the availability of resources affects
the use of technology in sugarcane growing. With the participants’
informed consent, the interviews were audio recorded, lasted 30 to
40 minutes, and were conducted in Hindi, the native language. Coded
labels (R-1, R-2, etc) were used to identify the respondents and to
protect participant privacy. Data saturation was reached at 14
interviews. In order to preserve sample uniformity throughout the
chosen villages and to strengthen the reliability and credibility of
the results, the researchers still carried out all 24 scheduled
interviews. Following Braun et al. (2022) six-step methodology
(Familiarization with the data, generating initial codes, Searching
for themes, Reviewing themes, Defining and naming themes,
Reporting the findings) thematic analysis has been used to analyze
the data Ahmed et al. (2025). NVivo version 15 was used to manage,
code, and arrange the qualitative data. Themes were cross-checked
against raw data to verify consistency and reliability, and coding
selections were revisited frequently to improve rigor.

RESULTS

Theme and sub-theme based on the interview questionnaire
as per the responses

Theme 1- Changing sugarcane production techniques

Farmers claim that chemical-based farming practices have
definitely replaced traditional organic farming methods. In order to
meet manpower limits and meet production demands, the prior
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reliance on organic fertilizer has progressively been replaced with
chemical fertilizers. Similar changes have been observed in the
expanding sugarcane systems of northern India, where productivity
demands are driving an increase in the usage of external inputs.
Adopting better planting techniques, especially trench sowing, was
generally considered as beneficial due to wider spacing, moisture
retention, and higher yields, supporting research indicating
improved agronomic approaches raise sugarcane output under
smallholder settings.

Shift from traditional to chemical-based farming

Instead of employing organic manures like cow dung, farmers
reported using chemical fertilizers. Rather than being a decision,
this shift was a response to the growing need for higher yields,
shorter crop cycles, and the paucity of organic inputs. While
chemical fertilizers boosted yield, farmers expressed worries about
rising costs and declining soil health. “When chemical fertilizers
were not available, we used to cultivate sugarcane by adding cow
dung manure. Gradually, developed chemical fertilizers came.” (R-
5)

Adoption of improved planting methods

Improved planting techniques, particularly trench sowing, were
viewed by farmers as a significant advancement. Farmers highlighted
greater moisture retention, better plant spacing, and observable
production enhancement, which promoted wider implementation
of this technique despite the need for initial technical support.
“Now the same is being sown at a distance of one foot by trench
method, and the yield is good.” (R-7)

Theme 2- Economic stress and inequitable allocation of resources

Respondents commonly cited rising input costs as their
primary concern. Fertilizers, pesticides, manpower, and
mechanization have all contributed to a sharp increase in agricultural
costs, which has reduced profit margins. These rising costs
disproportionately affected small and marginal farms, expanding the
gap between resource-rich and resource-poor farmers. This trend
is in line with other studies showing that larger farmers often benefit
more from capital-intensive agriculture than smallholders.

Increasing cost of cultivation

Farmers stated a significant rise in the cost of inputs, such as
labour, machinery, herbicides, and fertilizers. Although sugarcane
is still grown, producers are increasingly susceptible to institutional
and market delays since the profit margins are decreasing. “The
cost of sugarcane inputs has increased. Earlier the cost was not so
much, therefore there was inclination towards sugarcane cultivation.”
(R-12)

Resource disparity among farmers

Inequality in access to machinery, quality inputs, and digital
services was frequently highlighted. Farmers with better financial
resources were able to adopt modern technologies, while small and
marginal farmers struggled to keep pace, leading to unequal benefits
from technological progress. The only farmers who can benefit from

new technologies are still farmers with adequate resources. Those
with limited resources can’t even access or use 10% of these
facilities. (R-2).

Theme 3- Farmers’ experiences with agricultural digitalization

Digital initiatives such as online slips and direct bank payments
are well received by farmers. Digital technology improved payment
process transparency, reduced the need for intermediaries, and
reduced in-person visits to government offices. These findings
support other studies that demonstrate how digitalization enhances
the efficacy, accountability, and confidence of agricultural marketing
systems.

Access to digital information and online slips

Farmers admitted that their reliance on intermediaries and
frequent visits to organization offices has decreased, “thanks to
digital technologies like online slips”. These methods made it easier
to obtain timely information on cane supply management and
harvesting schedules. Harvesting programs used to be manually
organized by supervisors, and farmers had to visit the society office
frequently. Thanks to developments in online technology, this
process is now more effective and requires less frequent physical
coordination. (R-2)

Digital transactions and financial transparency

Direct bank payments or digitalization of payments were
viewed as a major improvement as it ensure timely and transparent
transactions. Farmers appreciated reduced corruption and easier
payment processing, which boosted their trust in governmental
procedures. “Now the bank has made the payment, the money in
the account will go to the farmer’s account, he will be able to
withdraw his money easily.” (R-10)

Theme 4- Digital divide and limited access to technology

Despite technological developments, there is still a significant
digital divide. Low digital literacy hindered the efficient use of
mobile phones and applications, particularly among older and less
educated farmers. Additionally, most farmers said they had limited
firsthand experience with cutting-edge technologies like drones. This
unequal access reflects broader concerns in the literature on the
uneven adoption of digital agriculture technologies in rural areas.

Limited digital literacy

According to some of the respondents, older and less educated
farmers found it difficult to use mobile devices and apps. Due to
their lack of digital literacy, farmers were more reliant on others
and had less trust in their ability to adopt new technologies. “Many
farmers do not know how to use a mobile because old farmers are
not educated, so they have to face problems.” (R-12)

Lack of exposure to advanced technology

Farmers claimed to have little to no familiarity with advanced
machinery such as drones. Lack of training, demonstrations, and
local availability hampered the adoption and understanding of
precision technology. Farmers said they had little to no direct
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experience with advanced agricultural technologies, such as GPS-
enabled tractors, sensor-based soil testing devices, automated
irrigation systems (drip and sprinkler systems with digital
controllers), drones for crop monitoring and spraying, and mobile-
based decision support apps. The lack of field demonstrations,
training programs, and local availability of these technologies limited
farmers’ awareness and practical comprehension of precision
agricultural equipment. “I have not seen a drone. There is no drone
here in our area. We have not seen how a drone works.” (R-8).
“Drones are not available or demonstrated locally; we have only
heard about them and have not seen any in our area.” Precision
sprayers, digital crop monitoring tools, sensor-based irrigation
systems, drones, and other cutting-edge technologies are not
available or demonstrated locally. They have just heard about these
technologies, they haven’t really seen or used them locally. (R-14)

Theme 5- Crop shift and economic dependence on sugarcane

This theme captures the broader structural transformation of
regional agricultural systems, as livelihood possibilities are more
influenced by market integration and institutional frameworks rather
than agronomic variation. Sugarcane’s growing dominance is a
reflection of farmers’ alignment with crops connected to legitimate
procurement channels and trustworthy payment mechanisms. This
change, which has reoriented farming toward income stability and
commercial production while simultaneously decreasing crop choice
flexibility and increasing reliance on sugar mills and legal frameworks,
has made farm households more vulnerable to institutional
disruptions.

Shift from food crops to sugarcane

The switch to sugarcane is an example of farmers’ adaptive
reaction to market risk and economic uncertainty. Sugarcane is
viewed as a more reliable source of revenue due to its well-organized
procurement system and more steady profits. This shift implies a
decrease in agricultural diversity and an increase in
commercialization, which might improve short-term income stability
but also increase reliance on institutional arrangements and
susceptibility to changes in the market and in policy. “In the past,
the area’s main crops were wheat and mustard, but over time,
farmers have increasingly switched to sugarcane cultivation.” (R-1)

Sugarcane as a cash crop

Due to guaranteed procurement and consistent payments from
sugar mills, sugarcane was widely acknowledged as a reliable cash
crop, making it essential to household financial planning. “Sugarcane
is a cash crop; the factory gets its bundle made and gives us cash
for it.” (R-3)

Theme 6- Improved productivity and emerging production risks

This theme highlights the growing discrepancy between the
long-term durability of intensive agricultural methods and sugarcane
production systems. Even while technological developments have
altered production results, farmers still have to deal with increasing
uncertainty regarding crop performance and input efficacy. These
problems point to structural weaknesses in input control, agronomic

support, and sustainability planning, suggesting that output growth
alone cannot ensure stability or reduce risk in sugarcane production.

Yield improvement through technology

Farmers observed notable yield improvements through
methods such as trench planting and improved land preparation.
These benefits reinforced positive attitudes toward technological
interventions. “We had grown more sugarcane by the Trench
method; we had bought it one year. We had grown a lot of
sugarcane.” (R-5)

Pest, disease, and inputs quality issues

Farmers voiced grave worries about insect infestations, disease
outbreaks, and poor crop protection inputs despite output increases.
Production hazards were increased by a lack of timely and efficient
responses. “Sometimes we face huge loss because crops are get
affected from diseases... But there is no cure for it.” (R-11)

Theme 7- Institutional and policy related constraints

One significant limiting element was found to be an
organizational challenge. Farmers complained about stringent subsidy
requirements, ongoing middlemen’s participation, and factory delays
in sugarcane procurement, which resulted in financial losses. These
limitations have been well documented as obstacles to the
development of inclusive agriculture.

Subsidy restrictions and middlemen

Farmers expressed dissatisfaction about restrictive subsidy
conditions and the continued involvement of intermediaries, which
restricted their access to government assistance and increased their
reliance. “This year they have also put a binding that means only
the sugarcane of those who have sown sugarcane variety 9301 will
be sown and subsidy will be given to that sugarcane only.” (R-2)

Procurement Delays in Sugar Mills

Delays in procurement by sugar mills were a major problem
that often led to production loss, quality degradation, and financial
pressure. “Many time factory does not take the sugarcane on time,
then the farmer suffers a loss.” (R-3)

Inadequate extension support

Farmers frequently said that their capacity to implement and
oversee new technologies in sugarcane production was hampered
by a lack of field-level support, technical advice, and extension
services. In contrast, frequent field demonstrations, seasonal training
programs, pest advisories, soil health services, and mobile-based
information via Krishi Vigyan Kendras and state agencies were seen
as more systematic forms of extension support for food crops like
rice and wheat. Farmers pointed out that sugarcane does not have
the same emphasis on crop-specific expansion. Regular field
inspections, stage-by-stage technical recommendations,
mechanization demonstrations, and prompt assistance with pest
and disease control were all anticipated. “The government does not
provide us with sufficient assistance. We are compelled to handle
everything ourselves without institutional support, and there are
no observable advantages. (R-3)
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Figure 1. Challenges and opportunities in sugarcane farming

Water scarcity and irrigation issues

The absence of a steady supply of water throughout critical
growth phases was highlighted by farmers, and irrigation seemed
to be a major barrier. Water scarcity was considered a major obstacle
to crop survival and productivity. “There is a need for improvement
in water availability by the government, suppose we plant sugarcane
in 5 acres, now if water is not available in May, June, then
everything will become useless.” (R-5)

DISCUSSION

The study’s conclusions are consistent with larger structural
changes in Indian sugarcane farming, where middle-aged and
smallholder farmers continue to be the key players influencing
production choices. The prevalence of smallholder profiles in cane
belts is reinforced by empirical data that sugarcane producers
frequently operate on tiny landholdings with restricted access to
finance and credit (Singh, 2025). Across agro-ecological areas,
national trends of small-scale farming and land fragmentation
continue to limit production and the uptake of new technologies
(Roy et al., 2020). According to socioeconomic studies conducted
in Uttar Pradesh, the majority of farm households are small and
marginal farmers, and land fragmentation affects agricultural methods
and livelihood strategies (Kashyap et al., 2022). The respondents’
preference for chemical fertilizers over organic inputs is consistent
with earlier studies that demonstrate commercial crop agricultural
intensification. This intensification has led to short-term
improvements in output, but it has also increased cultivation costs
and caused problems with soil, particularly for smallholders (Pingali,
2012; Jat et al., 2016). Farmers viewed digital interventions
favourably because they increased transparency and decreased

reliance on middlemen, especially online slips and direct bank
payments. Studies looking at digital governance and mobile-based
services in agriculture have shown similar results, emphasizing
improvements in efficiency and confidence in institutional systems
(Aker, 2011; Fabregas et al., 2019). Kremer and Houngbo’s (2021)
claims on the transformative possibilities of digital agriculture are
supported by the substantial improvements in information
availability, transparency, and fraud reduction brought about by
digital interventions like online slips, mobile phones, and direct bank
payments. Farmers’ assessments of reduced dependency on
intermediaries and greater payment predictability imply positive
institutional change. However, the unequal distribution of these
advantages as a result of low digital literacy is consistent with
research on rural technology adoption, which warns that if capacity
building is insufficient, digitalization may worsen inequality
(Trendov et al., 2019; Emeana et al., 2020). Satapathy et al. (2024)
reported that lack of ICT knowledge, financial support, and reliance
on traditional information sources significantly restricted ICT
adoption in Odisha. While basic ICT tools like televisions and cell
phones were widely available, their use for informed farm decision-
making remained superficial (Panda et al., 2019; Singh & Mathur,
2024). The analysis reveals a significant digital disparity despite
these advancements. The wider advantages of digitalization are
limited by poor exposure to cutting-edge technology like drones,
insufficient knowledge of agricultural uses, and limited digital
literacy. This result is consistent with the observations of Harris
and Achora (2018) and Emeana et al. (2020) that uneven access to
digital tools may exacerbate rather than lessen already-existing
inequities. Insufficient exposure to cutting-edge technologies, such
as drones, exposes persistent shortcomings in prolonged efforts and
localized demonstrations. Research on smart and precision
agriculture often shows that without strong extension assistance,
smallholders cannot access new technologies (Wolfert et al., 2017,
Shitu et al., 2018; Klerkx et al., 2019). Organisational obstacles,
including strict subsidy rules, delayed sugar mill procurement, and
poor extension services, continue to erode farmers’ faith.
Furthermore, the argument that technical adoption alone is
insufficient in the absence of suitable physical infrastructure and
climate-resilient planning is supported by irrigation-related
challenges and water scarcity (Shirsath et al., 2017: Barman et al.,
2026).

CONCLUSION

The study highlights that while mechanization and
digitalization have increased the production, efficiency, and
transparency of sugarcane cultivation, their benefits are still not
equitably distributed. For small and marginal farmers, issues
including rising input costs, limited access to cutting-edge
technologies, insufficient extension services, and water shortages
persist. If digital agriculture is to significantly contribute to inclusive
rural development, technological innovation must be combined with
targeted policy changes, more institutional support, and
investments in irrigation and digital literacy. Technology integration
with equitable governance frameworks is necessary to achieve
sustainable sugarcane development. Even while farmers utilize
chemical fertilizers, trench sowing, mechanized ploughing,
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smartphones, online slips, and direct bank payments more regularly,
access to state-of-the-art technology such as drones, soil testing
facilities, and agricultural mobile applications is still uneven. Small
and marginal farmers in particular confront a number of obstacles,
including rising input costs, labor shortages, water scarcity, limited
extension services, and restricted access to subsidized machinery.
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