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Abstract

Artificial Intelligence (Al) is emerging as a transformative technology in agriculture,
capable of enhancing productivity, optimizing resource use, and increasing farmers’
income. This study investigates the role of Al in improving farmers’ income in Adilabad
district of Telangana State. The research is based on primary data collected from 100
farmers using structured questionnaires and interviews. The study examines awareness,
adoption, and utilization of Al technologies such as mobile advisory applications,
weather forecasting tools, and digital crop management systems. Statistical analysis was
performed using SPSS, including descriptive statistics, cross-tabulations, Chi-square
tests, t-tests, and One-Way ANOVA to assess the impact of Al adoption on income. The
results indicate that a majority of farmers have moderate to high awareness of Al, and
Al adoption is significantly associated with higher income levels. Farmers with higher
levels of Al adoption experience better income growth and improved economic stability.
The study suggests policy interventions, training programs, and infrastructure
development to enhance Al adoption and promote sustainable agricultural
development.
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Introduction

Agriculture continues to play a vital role in the Indian economy by providing
livelihood to a large section of the population and contributing significantly to national
income. Despite its importance, the agricultural sector faces numerous challenges such
as low productivity, climate uncertainty, rising input costs, pest infestations, and
fluctuating market prices. In recent years, technological innovations have emerged as
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crucial instruments to address these challenges. Among them, Artificial Intelligence (AI)
has gained prominence as a transformative force capable of improving farm
productivity, efficiency, and income levels.

Artificial Intelligence refers to the ability of machines and digital systems to simulate
human intelligence by learning from data, recognizing patterns, and making informed
decisions. The application of Al in agriculture has opened new opportunities for
precision farming, crop monitoring, weather forecasting, pest management, and market
intelligence. These technological advancements have the potential to enhance farmers’
income by optimizing resource use, reducing risks, and improving crop yields. In this
context, examining the role of Al in improving farmers’ income at the micro level
becomes highly relevant.

Artificial Intelligence in Agriculture

Artificial Intelligence in agriculture involves the use of advanced technologies such
as machine learning, remote sensing, data analytics, drones, and mobile-based advisory
systems to support farm decision-making. Al-based tools assist farmers in selecting
suitable crops, determining optimal sowing times, managing irrigation, predicting
weather conditions, detecting pests and diseases, and accessing market information.

In India, the adoption of Al in agriculture is gradually increasing through
government initiatives, agri-tech startups, and digital extension services. Mobile
applications providing real-time advisory services, Al-powered weather forecasting
tools, and soil health monitoring systems are becoming more accessible to farmers. These
technologies are particularly beneficial in regions like Adilabad district, where
agriculture is largely rain-fed and farmers are vulnerable to climatic risks. By enabling
informed decision-making, Al can significantly contribute to income enhancement and
sustainable agricultural development.

Concept of Artificial Intelligence

Artificial Intelligence (Al) is a branch of computer science that enables machines to
simulate human intelligence, including learning, reasoning, problem-solving, and
decision-making. Al systems can process large volumes of data, identify patterns, and
make predictions, thereby supporting decision-making in diverse fields, including
agriculture. Key technologies under Al include machine learning, deep learning, neural
networks, expert systems, robotics, and natural language processing.

In the agricultural context, Al enables precise decision-making regarding crop
selection, irrigation scheduling, pest and disease management, and market forecasting.
According to Russell and Norvig (2020), Al systems can mimic cognitive processes of
human experts to solve complex problems, which is especially useful in resource-
constrained agricultural environments.

Al Applications in Agriculture

Artificial Intelligence has several applications in agriculture, contributing to
increased productivity, efficiency, and sustainability:
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1. Precision Farming: Al tools help farmers monitor soil conditions,
moisture levels, and crop health, optimizing input use such as water, fertilizers,
and pesticides.

2. Predictive Analytics: Al predicts crop yield, pest infestations, and weather
patterns, helping farmers plan cropping and marketing strategies.

3. Mobile Advisory Applications: Al-powered apps provide timely crop
advisory, market information, and personalized suggestions to farmers.

4. Automated Machinery: Robotics and Al-driven machinery assist in
sowing, harvesting, and irrigation, reducing labor dependency and increasing
efficiency.

5. Smart Pest and Disease Management: Al-enabled image recognition
systems help identify crop diseases early, allowing timely interventions.

These applications have the potential to enhance productivity, reduce costs, improve
farm management, and ultimately increase farmers” income.

Farmers’ Income and Technological Interventions

Farmers’ income in India is influenced by factors such as crop yield, input costs,
market access, climatic conditions, and technological adoption. Technological
interventions, including mechanization, irrigation systems, mobile advisory services,
and digital platforms, have shown a positive effect on income stability and growth.

Studies indicate that adoption of digital tools and AI technologies reduces
information asymmetry, enables informed decision-making, and improves crop
planning. For instance, small and marginal farmers who adopt technology-driven
solutions often experience higher productivity and better price realization in the market.
Technological interventions, therefore, play a critical role in bridging the gap between
traditional practices and modern, profitable agriculture.

Review of National Studies

1. Sharma (2021): Examined AI adoption in Indian agriculture and found
that Al-based mobile apps and advisory services significantly improve farmers’
decision-making and income.

2. Kumar & Rao (2020): Highlighted the role of Al in precision farming and
suggested that Al adoption reduces input costs and increases productivity,
particularly in smallholder farms.

3. Government of India (2023), National Education Policy - Digital
Agriculture Initiatives: Emphasized Al-enabled advisory services and smart
technologies for improving farm efficiency and income in rural India.

4. Reddy (2019): Conducted a district-level study in Telangana and reported
that farmers using digital technologies, including Al applications, had a higher
average annual income than non-users.

These studies suggest that Al adoption positively influences agricultural outcomes,
but most focus on state or national levels, with limited micro-level evidence.
Review of International Studies
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1. World Bank (2022): Reported that Al-based agricultural solutions,
including remote sensing and predictive analytics, improve farm efficiency and
reduce risks in developing countries.

2. Selwyn (2019): Argued that AI enhances precision agriculture and
personalized farming advice, which leads to higher productivity and income.

3. OECD (2021): Highlighted that AI adoption supports sustainable
agriculture and better market integration for small farmers in developing
economies.

4. UNESCO (2022): Found that Al tools in agriculture increase learning and
knowledge transfer, enabling farmers to make data-driven decisions that
positively impact income.

International literature emphasizes the potential of Al in improving productivity
and income, but adoption is often constrained by infrastructure, cost, and digital literacy.

Research Gap

While national and international studies demonstrate the positive impact of Al on
agricultural productivity and income, most research is either macro-level or generalized
across states or countries. There is a lack of empirical micro-level studies at the district
level, particularly in semi-urban or rural regions such as Adilabad, Telangana. Specific
gaps identified include:

1. Limited evidence on actual income changes resulting from Al adoption
among small and marginal farmers.

2. Inadequate analysis of farmers’ awareness, adoption levels, and usage
patterns of Al technologies.

3. Insufficient understanding of barriers and challenges in Al adoption at
the local level.

This study addresses these gaps by conducting a primary data-based empirical
investigation of Al adoption and its impact on farmers’ income in Adilabad district.

Statement of the Problem

Farmers in Adilabad district face multiple challenges such as unpredictable rainfall,
low productivity, high input costs, and limited access to timely information. These
challenges often result in unstable and low income levels, particularly for small and
marginal farmers. While Artificial Intelligence offers innovative solutions to address
these issues, the extent of its adoption and its actual impact on farmers’ income remain
unclear.
Although various Al-based agricultural tools are available, there is limited empirical
evidence at the district level regarding their effectiveness in improving farmers’ income.
Hence, there is a need to systematically analyze the awareness, adoption, and impact of
Artificial Intelligence on farmers’ income in Adilabad district. This study seeks to fill this
gap by providing empirical evidence based on primary data and statistical analysis.
Objectives of the Study

1. To study the socio-economic profile of farmers in Adilabad district.
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2. To analyze the impact of Al-based technologies on farmers” income.
3. To examine the relationship between AI adoption and income growth among
farmers.
4. To identify the challenges faced by farmers in adopting Al technologies.
Hypotheses of the Study
e Hoyq: There is no significant association between Al usage and farmers” income.
e Hoyy: There is no significant difference in income levels between Al users and non-
users.
e Hos: Levels of Al adoption do not significantly influence farmers’ income.
Scope of the Study
The study is confined to Adilabad district of Telangana State and focuses on 100
farmers selected through a suitable sampling method. The scope of the study is limited
to examining the role of Artificial Intelligence in agriculture and its impact on farmers’
income. The study considers Al tools such as mobile advisory services, weather
forecasting applications, and digital crop management systems. The analysis is based on
primary data collected during the study period and supported by secondary sources.
Significance of the Study
The study holds considerable significance for policymakers, agricultural
administrators, extension workers, and researchers. By providing empirical evidence on
the income effects of Al adoption, the study helps policymakers design effective
strategies to promote digital agriculture. It also assists agricultural extension services in
understanding farmers’ needs and challenges related to Al technologies. Academically,
the study contributes to the existing literature by offering a district-level analysis of Al’s
role in enhancing farmers’ income.
Limitations of the Study
Despite its contributions, the study has certain limitations:
1. The study is based on a limited sample size of 100 respondents.
2. The study is confined to one district, limiting the scope for generalization.
3. Rapid technological changes may affect the long-term relevance of the
findings.
Research Methodology
The present study on “Artificial Intelligence and Farmers’ Income: Evidence from
Adilabad District of Telangana State” adopts an empirical and analytical research design
to examine the awareness, adoption, and impact of Al technologies on farmers” income.
Both primary and secondary data were used, with primary data collected from 100
farmers through structured questionnaires, interviews, and direct observation, while
secondary data were sourced from journals, books, and government reports. The sample
was selected using simple random sampling, covering small, medium, and large farmers
to ensure representativeness. Data were analyzed using SPSS software, employing
descriptive statistics (frequency, percentage, mean, standard deviation), cross-
tabulations, Chi-square tests to examine associations, Independent Samples t-tests to
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compare mean income between Al users and non-users, and One-Way ANOVA to study
the effect of different levels of Al adoption on income. The study was conducted during
June to December 2025, coinciding with major cropping seasons to ensure accurate
information on crop management, income, and adoption of Al tools.
Data Analysis and Interpretation

Table 1: Socio-Economic Profile of Respondents

Variable Category Frequency | Percentage
Age Below 35 years 28 28.0
35-50 years 46 46.0
Above 50 years 26 26.0
Education [literate 22 22.0
Primary 34 34.0
Secondary 29 29.0
Higher 15 15.0
Farm Size Small 48 48.0
Medium 32 32.0
Large 20 20.0

Source: Primary Data
The majority of respondents (46%) belong to the middle-age group (35-50 years),
indicating active farming participation. Nearly 63% have education up to primary or
below, suggesting the need for simplified Al tools and training. Small farmers dominate
the sample (48%), highlighting the relevance of Al solutions for marginal and small
landholders in Adilabad district.
Table 2: Awareness of AI Technologies among Farmers

Awareness Level | Frequency | Percentage
High 34 34.0
Moderate 41 41.0
Low 25 25.0
Total 100 100.0

Source: Primary Data

About 75% of farmers exhibit moderate to high awareness of Al technologies such as

mobile advisory apps, weather forecasting tools, and soil testing applications. This

indicates growing exposure to digital agriculture, although one-fourth of farmers still

remain poorly informed.
Table 3: Use of Al Tools by Farmers

Al Tool Used Yes | No | Total
Mobile advisory apps 62 | 38 | 100
Weather forecasting tools | 58 | 42 | 100
Soil testing / crop advisory | 44 | 56 | 100

Source: Primary Data
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Mobile advisory applications are the most widely used Al tools (62%), followed by
weather-based decision tools (58 %). However, advanced Al tools such as soil-based crop
advisory systems are used by less than half of the farmers, indicating adoption
constraints due to cost, technical knowledge, or accessibility.

Table 4: Cross-Tabulation between AI Usage and Change in Farmers’ Income

Al Usage | Income Increased | No Change | Decreased | Total
Users 46 12 6 64

Non-Users 12 14 10 36
Total 58 26 16 100

Source: Primary Data
Among Al users, nearly 72% experienced an increase in income, whereas only 33% of
non-users reported income growth. This clearly suggests that Al adoption contributes
positively to farmers’ income through better crop planning, reduced costs, and improved

productivity.
Table 5: Chi-Square Test: AI Usage and Farmers’ Income
Test Value | df | Sig.
Pearson Chi-Square | 12.846 | 2 | 0.002

Source: SPSS output.
The Chi-square value is statistically significant at the 5% level (p < 0.05). Hence, there
exists a significant association between AI usage and farmers’ income. Farmers who
adopt Al tools are more likely to experience income improvement compared to non-
users.
Table 6: Cross-Tabulation between Level of AI Adoption and Income Growth

AI Adoption Level | High Growth | Moderate Growth | Low Growth | Total
High 21 7 2 30
Moderate 18 10 6 34
Low 7 9 20 36
Total 46 26 28 100

Source: Computed from primary data using SPSS.
Farmers with high AI adoption levels show significantly better income growth. Nearly
70% of high adopters experienced high income growth, whereas low adopters mostly
reported low or moderate income changes. This confirms the income-enhancing role of
Al in agriculture.

Table 5: Independent Samples t-Test: Mean Income of AI Users and Non-Users

Group Mean Income Index Std. Deviation
Al Users 72.46 8.32
Non-Users 64.18 7.91

Test t-value | df Sig.

t-test 5021 |98 0.000

Source: Computed from primary data using SPSS.
The t-test result is statistically significant (p < 0.01), indicating a significant difference in
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mean income between Al users and non-users. Farmers using Al tools earn higher

average income than those who do not, proving that Al adoption contributes positively

to income enhancement.

Table 6: One-Way ANOVA: Level of AI Adoption and Income Growth

Source of Variation | Sum of Squares | df | Mean Square | F Sig.
Between Groups 268.420 2 134.210 7.856 | 0.001
Within Groups 1661.580 97 17.126
Total 1930.000 99

Source: SPSS ANOVA output.

The ANOVA results show a statistically significant difference in income growth across

different levels of Al adoption (p < 0.01). Farmers with higher Al adoption levels

experience significantly better income growth than those with moderate or low adoption.

This confirms that greater integration of Al technologies leads to higher economic

benefits.

Major Findings of the Study

1.

Majority of respondents were small and marginal farmers with moderate
educational attainment.

Awareness and adoption of Al technologies are moderate to high, with mobile
advisory apps being most widely used.

Al users reported significantly higher income than non-users.

Chi-square, t-test, and ANOVA results confirm a positive and statistically
significant impact of AI adoption on farmers” income.

High levels of AI adoption lead to greater income growth and improved
economic stability.

Suggestions and Policy Implications

1.

Promote Al-based agricultural advisory services in rural and semi-urban areas
of Adilabad.

Conduct training programs to enhance digital literacy and Al tool usage among
farmers.

Provide subsidies or low-cost Al tools for small and marginal farmers.
Strengthen digital infrastructure and internet connectivity to facilitate Al
adoption.

Integrate AI tools with government agricultural extension programs for
maximum reach.

Conclusion

The study concludes that Artificial Intelligence plays a critical role in enhancing
farmers’ income in Adilabad district. Empirical evidence from SPSS-based cross-
tabulation, Chi-square, t-test, and ANOVA analyses confirms that Al adoption
positively affects income, decision-making, and resource optimization. Adoption
remains constrained by literacy, cost, and infrastructure gaps, which can be
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addressed through policy interventions, training, and digital infrastructure
development. Overall, Al has the potential to transform agriculture into a more
profitable, efficient, and sustainable sector in Telangana.
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