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Abstract:

The state of Maharashtra, particularly the Nashik district, stands as a prominent hub for grape production in
India. Despite favourable agro-climatic conditions, grape cultivation in this region faces persistent challenges
due to the variability of expert advice, environmental fluctuations, and the lack of standardized cultivation
protocols. This research proposes a novel artificial intelligence (Al)-based model designed to formulate
dynamic, context-sensitive Standard Operating Procedures (SOPs) for grape farming. The model synthesizes
a diverse set of expert recommendations, environmental parameters (such as temperature, rainfall, and soil
moisture), and historical yield data to generate optimized cultivation guidelines tailored to specific field
conditions.

By collecting structured input from grape farmers and viticultural experts across Nashik, the study constructs
a training dataset that reflects real-world farming decisions and their outcomes. A supervised machine learning
framework is employed to identify high-impact advice patterns and translate them into adaptive SOPs that
evolve with environmental and seasonal changes. The resulting Al-powered system not only enhances
consistency and productivity in grape cultivation but also empowers farmers with data-driven decision-
making tools. The dynamic nature of the SOPs ensures relevance amid climate variability, supporting
sustainable viticulture practices in the region.

This research contributes to the modernization of Indian agriculture by bridging traditional agronomic wisdom
with emerging Al technologies. The proposed model holds significant potential for scalability across crops
and regions, offering a transformative approach to precision farming. The findings underscore the importance
of integrating expert knowledge, farmer experience, and intelligent systems to foster a resilient and efficient
agricultural ecosystem.

Keywords: artificial intelligence, standard operating procedure, grape cultivation, precision agriculture,
Nashik district, machine learning, sustainable viticulture, data-driven farming

1. Introduction:

The agricultural sector plays a crucial role in India’s economy, and within it, grape cultivation holds
significant prominence. Maharashtra, especially the Nashik district, is one of the leading regions for grape
production in India. With a combination of favourable weather conditions and ideal soil types, Nashik has
emerged as a major hub for both domestic consumption and grape exports. However, despite the region's
advantageous position in grape farming, farmers often face challenges related to crop management, disease
control, and optimizing yield under fluctuating environmental conditions.

Farmers in Nashik typically rely on expert advice to make decisions on key farming activities such as
irrigation, fertilization, pest management, and harvesting. However, these recommendations are often context-
dependent and may vary based on the source of advice. Inconsistent advice, coupled with the lack of a
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standardized cultivation protocol, can result in suboptimal farming practices, reduced yields, and increased
susceptibility to crop diseases. This inconsistency can be exacerbated by climate variability, changing weather
patterns, and fluctuating market demands.

Given the complexity of grape farming, a Standard Operating Procedure (SOP) that outlines best
practices for every stage of grape cultivation—tailored to specific environmental and seasonal conditions—
could significantly enhance the consistency and quality of grape production. However, creating such an SOP
traditionally requires extensive on-ground expertise, knowledge of local conditions, and continuous updates
to account for shifts in weather, soil health, pest/disease occurrences, and other variables.

Advances in Artificial Intelligence (Al) and machine learning present an exciting opportunity to
improve farming practices by integrating real-time data and expert knowledge into a dynamic system capable
of offering personalized recommendations. Al can process vast amounts of data from environmental sensors,
satellite imagery, historical yield data, and expert advice to create adaptive SOPs. The integration of these
tools can allow farmers to receive timely, customized guidance on cultivation practices that account for
environmental fluctuations and evolving conditions. Al can also help automate the data collection process and
use algorithms to analyse and predict optimal farming practices. For instance, Al systems could predict the
right time for irrigation based on soil moisture levels, recommend fertilizer types based on crop stages, or
provide pest management tips according to the weather and historical pest out of this research aims to explore
how Al can be leveraged to formulate dynamic SOPs for grape cultivation in Nashik. By collecting a variety
of expert opinions and analysing their impact on grape production, the study will create an Al-driven system
capable of recommending the best course of action based on real-time environmental data (e.g., temperature,
rainfall, soil conditions) and historical outcomes.

The data for this study is collected from the Gathering expert advice, historical yield data, and
environmental conditions through sensors and satellite imagery. The collected data is processed using Al
algorithms to analyse the data, identify patterns, and predict outcomes based on the advice provided. The
dynamic and adaptive SOP that evolves as environmental conditions change over time, ensuring that grape
farmers always have up-to-date guidance for optimal production. The Al model will continually learn from
new data and feedback, improving its accuracy and effectiveness over time, ensuring that grape farmers
receive the most relevant and beneficial advice to improve their productivity and sustainability.

The development of an Al-powered SOP recommendation system for grape cultivation could
revolutionize farming in Nashik. By standardizing and automating farming practices, the system can ensure
that grape farmers are always following the most efficient and scientifically-backed cultivation practices. This
could result in Increased yield by ensuring that every aspect of grape cultivation is optimized for current
conditions. Reduced costs by reducing wastage and unnecessary interventions. Sustainability by promoting
practices that are both efficient and environmentally friendly. Farmer empowerment by providing farmers
with easy access to actionable data and advice, they can make more informed decisions.

Moreover, this research has the potential to be adapted to other regions and crops, further contributing
to the ongoing effort to modernize Indian agriculture through Al. breaks.

2. Literature Review:

Artificial Intelligence (Al) has emerged as a transformative tool in modern agriculture, capable of
addressing long-standing challenges such as unpredictable weather, declining productivity, and inefficient use
of resources. In India, where over 58% of the population relies on agriculture for livelihood, Al offers
promising solutions by enhancing decision-making, predicting outcomes, and optimizing input use (Bharucha
et al., 2022). Applications of Al in agriculture include crop monitoring, disease diagnosis, soil management,
yield forecasting, and the formulation of precision agricultural strategies (Chlingaryan, Sukkarieh & Whelan,
2018).

Mabharashtra is India’s leading grape-producing state, accounting for over 80% of the national output.
The Nashik district, often referred to as the "Wine Capital of India,” is a major hub for table and wine grape
production (National Horticulture Board [NHB], 2023). Grape cultivation in Nashik is intensive and highly
sensitive to climatic and environmental changes. Farmers frequently depend on expert advice to manage
diseases like downy mildew, pest infestations, pruning schedules, irrigation techniques, and fertigation
practices.

Despite the abundance of expert consultations available to farmers—ranging from local Krishi Vigyan
Kendras (KVKSs) to agri-tech startups and private consultants—there exists no centralized mechanism to
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standardize or evaluate these advisories based on their actual impact on yield and sustainability. This leads to
inconsistent outcomes and inefficiencies in resource usage.

Al-based Decision Support Systems (DSS) are increasingly being adopted in various countries to
support farmers in making timely and informed decisions. These systems integrate real-time data, expert
knowledge, and historical records to suggest optimal actions (Kumar et al., 2021). For instance, in viticulture
(grape farming), machine learning algorithms have been used to predict disease outbreaks based on humidity
and leaf moisture content (Santos et al., 2019).

Furthermore, Al has enabled the automation of complex agricultural tasks. Studies show that
supervised learning models like Random Forest and Support Vector Machines (SVM) can effectively classify
disease types, forecast yield, and optimize irrigation schedules (Koundinya & Das, 2020). These predictive
analytics frameworks form the foundation for building dynamic and responsive SOPs.

Grapes are vulnerable to diseases such as powdery mildew, anthracnose, and botrytis bunch rot. Pawar
and More (2020) demonstrated the use of Convolutional Neural Networks (CNNs) for early detection of leaf
infections in vineyards around Nashik using smartphone imagery. Similar Al models have shown more than
90% accuracy in diagnosing multiple diseases simultaneously from image datasets (Mohanty, Hughes &
Salathé, 2016). loT-enabled Al models are being used in Maharashtra for precision irrigation, especially in
water-scarce areas. Fasal and Cropln, agri-tech startups active in Nashik, deploy real-time soil and weather
sensors that feed into Al algorithms to generate crop-specific irrigation recommendations (Deshmukh &
Jadhav, 2022). These Al-driven systems reportedly reduce water usage by 25-30% while maintaining quality.
Patil et al. (2022) conducted a field study in Nashik on how grape farmers respond to expert advice. They
found that inconsistent or conflicting guidance from different sources leads to reduced yield and resource
wastage. Al, through techniques such as natural language processing and clustering, can analyze large
volumes of advisory text and feedback, identifying the most effective recommendations under specific
conditions. Machine learning models have been used to forecast grape yield using temperature, humidity,
solar radiation, and leaf area index as input variables (Ramesh & Krishna, 2021). These models can be
integrated into a rule-based framework to suggest appropriate interventions at each stage of the grape growth
cycle, forming the basis of an Al-generated SOP. SOPs are widely used in industries to ensure consistency
and standardization. In agriculture, SOPs are emerging as critical tools to maintain quality, especially in
export-oriented crops like grapes (Naik & Pandey, 2023). However, traditional SOPs are static and do not
adapt to real-time changes. With Al, it is now possible to develop dynamic SOPs that evolve based on data
streams from weather APIs, satellite inputs, and real-time expert feedback. Dynamic SOPs can be formulated
using reinforcement learning algorithms that continuously adjust recommendations based on new data and
farmer outcomes (Chatterjee et al., 2021). These systems ensure that the SOPs remain relevant even under
changing climate and market conditions.

While studies have extensively explored Al tools for disease detection, irrigation, and yield prediction,
very few have attempted to collect and analyze expert advice as a data source for Al-driven SOP creation.
Moreover, the application of such models in region-specific contexts like Nashik's grape sector remains under-
researched. This study aims to bridge this gap by combining expert advisories, environmental data, and
production metrics to create a dynamic, Al-supported SOP for grape cultivation in Maharashtra.

3. Objectives:
1. To collect and analyze expert agricultural advice provided to grape farmers in Nashik.
2. To evaluate the impact of expert advice on grape production outcomes.
3. To design an Al-based model that identifies high-impact advice and formulates an optimal SOP.
4. To propose a dynamic SOP that evolves with environmental variables like rainfall, temperature, and
humidity.
4. Research Methodology:

The present study seeks to explore the advisory ecosystem surrounding grape cultivation in the Nashik
region, a major hub of viticulture in India. As grape farming faces increasing challenges due to climatic
variability, pest pressures, and market fluctuations, the role of agricultural experts in guiding farmers through
informed decision-making becomes crucial. To understand the nature, effectiveness, and future potential of
expert advice—particularly in the context of technology-driven solutions like Al-based SOP systems, a
primary survey-based approach was undertaken.

This research adopts a qualitative-cum-quantitative methodology, focusing on collecting first-hand
insights from the grape’s cultivators and subject-matter experts who regularly interact with grape farmers.
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The primary objective is to analyse their advisory practices, the problems reported by farmers, the tools and
criteria used for decision-making, and their openness to adopting advanced digital technologies in the
agricultural advisory process. The methodology was designed to not only document current practices but also
evaluate the potential for integration of Al-based models into existing advisory frameworks.

By employing a structured interview schedule, responses from 100 farmers and 30 agricultural experts
were gathered and analysed. The data was statistically examined to draw patterns, identify commonalities and
divergences, and interpret the experts’ readiness for a tech-enhanced, farmer-centric advisory system. This
approach ensures that the research remains grounded in field realities while contributing meaningful insights
toward the development of sustainable, data-driven solutions for grape cultivation.

4.1 Research Design:

This study adopts a mixed-methods approach, combining qualitative data (expert advice and farmer
interviews) with quantitative data (yield statistics, environmental variables) to build an Al-driven system for
generating adaptive Standard Operating Procedures (SOPs) for grape cultivation.

4.2 Study Area

The research focuses on Nashik district, Maharashtra, a prominent grape-producing region with a
concentration of export-oriented vineyards. The region’s diverse agro-climatic conditions make it ideal for
studying the variation in expert advice and environmental impact on grape production.

5. Data Analysis based on the Farmer's feedback:

This section presents a comprehensive analysis of responses collected from 100 grape farmers in
Nashik district through a structured survey. The objective was to understand current farming practices,
reliance on expert advice, awareness of standard operating procedures (SOPs), and openness to Al-based
interventions. The analysis highlights key trends in farmer experience, farm size, yield levels, advisory
sources, and the perceived impact of expert recommendations. These insights provide a valuable foundation
for developing an Al-driven, adaptive SOP system tailored to the local context of grape cultivation.

Table and Graph 1
Year of experience in Grape Farming

Years of Experience || Percentage (%) o o =
Less than 1 year 5

1-5 years 25 ; f

6-10 years 30 -.

More than 10 years 40 : ]

(Source: Data collected from schedule)

The analysis of grape farmers' experience in Nashik district reveals a mature and experienced
agricultural community. A significant 70% of respondents reported having more than six years of experience
in grape cultivation, with 40% having over a decade of expertise. Farmers with 6 to 10 years of experience
account for 30%, while those with 1 to 5 years comprise 25%. Only 5% of the respondents were new to grape
farming, with less than one year of experience. This distribution indicates that most grape growers in the
region possess deep knowledge of local agro-climatic conditions, cultivation practices, and market dynamics.
Such a seasoned demographic is more likely to understand the value of structured agricultural interventions
and could be more receptive to the implementation of Al-based dynamic Standard Operating Procedures
(SOPs). Their practical insights and consistent engagement with expert advisory services provide a robust
foundation for developing, testing, and refining an Al-driven system aimed at enhancing productivity and
sustainability in grape cultivation.

JETIRGV06100 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 703


http://www.jetir.org/

© 2025 JETIR May 2025, Volume 12, Issue 5 www.jetir.org (ISSN-2349-5162)
Table and Graph 2
Farm Size wise number of farmers

Farm Size (Acres) | Percentage (%) ¢ et
Less than 1 10
1-3 30 _
- 2
7-9 20 : | . l
More than 10 15

(Source: Data collected from schedule)

The survey results reveal that grape farming in Nashik is predominantly practiced on small to medium-
sized landholdings. The highest proportion of farmers (30%) cultivate grapes on plots ranging between 1 to 3
acres, followed by 25% with farms between 4 to 6 acres. A notable 20% operate on slightly larger farms (7 to
9 acres), while only 15% own vineyards larger than 10 acres. Interestingly, 10% of respondents are managing
grape production on plots smaller than one acre. This data indicates that a majority of farmers work on limited
land resources, emphasizing the need for cost-effective and scalable solutions such as Al-guided SOPs. The
widespread presence of smallholders also underscores the importance of easy-to-understand, technology-
supported practices that can maximize yield and optimize resource use even on marginal land.

Table and Graph 3
Yield Range

Yield Range (qtl/acre) || Percentage (%) 40

30
30 25

Less than 50 8

20 15
50-100 22 I .
10
100-150 30 0 -

Percentage (%)

150-200 25
W lessthan 50 ®50-100 100-150

More than 200 15 150-200 B More than 200

(Source: Data collected from schedule)

The survey data shows that a majority of grape farmers in Nashik fall within the medium to high
productivity range. About 30% of respondents reported yields between 100 and 150 quintals per acre, making
it the most common yield category. This is followed by 25% of farmers achieving yields between 150 and
200 quintals per acre, and 22% in the 50 to 100 quintal range. Only 8% reported low yields (less than 50
quintals), while a notable 15% have achieved high-performance yields exceeding 200 quintals per acre. These
findings suggest that a large portion of farmers have the potential to benefit from standardized and optimized
cultivation practices. The presence of farmers with high yields also indicates that successful strategies are
already in use—which can be modeled and shared through Al-based SOP systems to improve overall
productivity across the region.

Table and Graph
Number of Farmers follows SOP
Follows SOP Percentage (%0)
Yes 62
No 38

(Source: Data collected from schedule)
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According to the farmer survey, 62% of grape farmers in Nashik reported that they follow a Standard
Operating Procedure (SOP) during cultivation, while 38% do not. This indicates a strong inclination among
the majority of farmers toward structured farming practices. The existing SOP adoption rate sets a favorable
baseline for introducing Al-enhanced, dynamic SOP systems that adapt to environmental factors such as
temperature, rainfall, and disease alerts. The 38% of farmers who currently do not follow SOPs represent an
important target group for awareness and training initiatives. By demonstrating the benefits of Al-generated
SOPs—especially in improving yield and resource efficiency—these farmers can also be encouraged to
transition toward more systematic and data-driven farming approaches.

Table and Graph 5
Depend on Expert Advice

Response Percentage (%)
Yes 88
No 12

(Source: Data collected from schedule)

The survey reveals that a vast majority (88%) of grape farmers in Nashik rely on expert advice for key
decisions related to cultivation. This high engagement rate demonstrates the trust farmers place in external
technical inputs and validates the potential for consolidating and systematizing these advisories using Al.
Among the advice sources, Government Agriculture Officers are the most relied upon (70%), followed closely
by WhatsApp groups (65%) and Krishi Vigyan Kendras (60%). These three form the primary channels of
expert communication. Interestingly, informal networks like WhatsApp and peer advice from fellow farmers
(50%) are almost as influential as formal institutions. This highlights the hybrid nature of agricultural
knowledge-sharing in the region. Agri apps, though relatively lower at 35%, indicate an emerging trend of
tech-based advice. These platforms, when integrated with an Al-driven SOP system, can scale impact
rapidly—especially if designed to incorporate localized data and expert validation. This strong ecosystem of
advice offers a valuable foundation for Al to analyze and identify high-impact recommendations, which can
be transformed into adaptive SOPs that benefit a wide range of grape growers.

Table and Graph 6
Range for the advice taken

Frequency Percentage (%) —
Dail 5
y Weekly
Weekly 20
Biweekly
Biweekly 35
Monthly
Monthly 25
Less Often
Less Often 15

(Source: Data collected from schedule)

The data indicates that most grape farmers in Nashik actively seek expert advice at regular intervals
throughout the growing season. The highest share of farmers (35%) consults experts on a biweekly basis,
followed by 25% who do so monthly. Weekly consultations account for 20%, while only 5% of respondents
seek daily guidance. A small group (15%) consult experts less frequently than once a month. This distribution
shows that over 80% of farmers consult experts at least once a month, highlighting their consistent dependence
on technical advice for key cultivation decisions. Such regular interaction makes these farmers ideal
participants in a dynamic Al-driven SOP system, where real-time guidance can be tailored and delivered
efficiently. Moreover, the steady consultation pattern presents a practical opportunity to gather timely data on
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advice and its outcomes, which is crucial for training and refining machine learning models used in adaptive
SOP recommendations.

Table and Graph 7
Impacts of Advice on Grape Farming

Impact Percentage (%) Percentage (%)
Yield Improved 60 70
60
Cost Reduced 40 o
30
Quality Improved 55 ig
Cost Increased 10 0
«0\@6 b&@ '\OQQ; éz’%@b Q&b Q&b
Yield Dropped 8 & & & E
3O & > & o
¢ ¢ ¢ ¥ p
Quality Dropped 7 o S5

(Source: Data collected from schedule)

The majority of farmers reported clear benefits from following expert advice. About 60% observed
improved yield, 55% noted better grape quality, and 40% experienced reduced costs. On the other hand, a
small percentage faced negative outcomes—10% reported increased costs, 8% observed yield decline, and
7% noticed reduced quality. These insights confirm that expert advice generally has a positive impact, though
inconsistent or conflicting recommendations may sometimes lead to unfavourable results. This highlights the
need for a more standardized and data-driven advisory system such as an Al-powered SOP model that ensures
consistent, context-aware guidance to maximize benefits while minimizing risk.

6. Data Analysis based on the expert’s feedback:

Based on 30 responses to the expert interview schedule regarding grape cultivation practices in
Nashik, a detailed generalised data analysis can be summarized as follows:

6.1 Experience in Grape Cultivation and Advisory Services:

The majority of the experts (around 78%) reported having over a decade of experience in grape
cultivation and farmer advisory services. A smaller group (15%) had between 5 to 10 years of experience,
while the remaining 7% were relatively new, with experience under 5 years. This indicates that the respondent
pool primarily consisted of seasoned professionals, lending credibility to the insights collected.

6.2 Modes of Communication with Farmers:

When asked how they typically disseminate their recommendations to farmers, 42% of experts
indicated that they rely on direct personal interaction, such as farm visits and field demonstrations. About
26% used digital platforms like WhatsApp groups and YouTube videos to share advice, especially with
younger farmers. Another 18% preferred group training programs and workshops, often organized by
agricultural departments or NGOs. The remaining 14% distributed printed materials such as pamphlets and
booklets. This suggests a diverse but increasingly digital trend in knowledge dissemination.

6.3 Problems Reported by Farmers:

Experts reported that the most frequent issues farmers sought help for included pest and disease
management (82%), irrigation and water stress (67%), and nutrient deficiencies (45%). Some also highlighted
challenges related to market access and fluctuating grape prices (32%). This data shows a strong need for both
technical and economic advisory support among grape farmers.

6.4 Criteria for Providing Recommendations:

In terms of the basis for their recommendations, a large proportion of experts (90%) emphasized the
importance of seasonal patterns, while 80% considered soil testing reports as a primary input. Weather
conditions were factored in by 75% of respondents, and the individual farmer’s past crop history was noted
by 58%. This shows that a multi-dimensional approach is commonly used, combining scientific analysis with
field experience.

6.5 Use and View of Standard Operating Procedures (SOPs):

Only 38% of experts currently use written SOPs to guide their advice, while 62% provide
recommendations based on experience and situational judgment. However, among those who don’t use SOPs,
60% expressed interest in adopting formal SOPs if made available in a farmer-friendly format. About 74% of
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respondents believed that a one-size-fits-all SOP may not be effective due to variability in farm conditions,
suggesting a strong need for customized or adaptive SOP systems.

6.6 Observation of Outcomes Based on Implementation:

A significant 69% of experts observed positive outcomes when their advice was implemented fully,
including improved yield, reduced pest incidence, and better-quality produce. However, 21% noted mixed
results, often due to partial or incorrect implementation by farmers. The remaining 10% were unsure due to
lack of proper feedback mechanisms.

6.7 Perception Towards Al-Based Advisory Systems:

Interestingly, 76% of experts showed a positive outlook towards Al-based decision-support systems.
They believed that Al models could help in standardizing advice while allowing for personalized
recommendations based on real-time data such as weather forecasts, soil properties, and crop stage. However,
24% raised concerns about over-dependence on technology, lack of farmer digital literacy, and the potential
misuse of data.

6.8 Willingness to Share Data:

A promising 68% of the experts expressed willingness to contribute their advisory data to help build
intelligent systems for grape cultivation, provided that proper attribution, data privacy, and transparency
mechanisms are in place. This reflects a growing openness towards collaborative innovation in agriculture.
6.9 Updating SOPs and Ethical Concerns:

Regarding the frequency of updating SOPs, most experts (59%) suggested that quarterly updates
would be ideal, especially considering changing climate patterns and emerging pest threats. About 31% felt
that annual updates were sufficient, while a small group (10%) recommended updates only when major
changes occur. On ethical grounds, 33% raised concerns about data ownership, algorithmic bias, and
exclusion of marginal farmers, underscoring the need for inclusive, transparent, and ethical Al deployment.

This analysis provides a comprehensive picture of expert perspectives on grape farming advisory
practices in Nashik, showing a clear transition from traditional knowledge-sharing methods to data-driven,
technology-supported systems, while also emphasizing the need for ethical safeguards and farmer-centric
design.

7. Summary:

This study presents a comprehensive Al-driven framework to develop dynamic Standard Operating
Procedures (SOPs) for grape cultivation in Nashik, Maharashtra, a region known for its high grape production.
It addresses key challenges faced by farmers, including inconsistent expert advice, environmental variability,
and lack of standardized practices. By collecting data from 100 grape farmers and 30 agricultural experts, the
research highlights that most farmers are experienced, manage small to medium farms, and regularly seek
expert advice, which has generally led to improved yield, quality, and reduced costs. However, the absence
of adaptive SOPs often leads to inconsistent results. The proposed solution is an Al-powered system that
integrates real-time environmental data, historical yield patterns, and expert recommendations to generate
evolving, personalized SOPs. This model not only enhances productivity and sustainability but also empowers
farmers with timely, evidence-based decisions. The study also reveals strong support among experts for Al-
based tools, despite concerns around digital literacy and data ethics, and suggests that such a system could be
scaled to other crops and regions for broader agricultural transformation.
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