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Abstract- Generative artificial intelligence is rapidly redefining crop breeding in India by enabling the design of novel 

genetic combinations and accelerating varietal development cycles from traditional timelines of 10–15 years to as little 

as 2–5 years. This transformation is particularly significant in a climate-vulnerable agricultural system where 58 

percent of cultivated land is rainfed and productivity losses due to climate variability range between 2–5 percent 

annually. Advanced generative models such as Generative Adversarial Networks (GANs), Variational Autoencoders 

(VAEs), diffusion models, and protein language models allow breeders to simulate genotype-by-environment 

interactions, predict trait performance, and optimize multi-trait combinations with unprecedented precision. 

Empirical evidence from global and Indian studies indicates that generative AI-driven breeding can enhance crop 

yields by 20–50 percent, improve drought tolerance by up to 35 percent, and increase post-harvest shelf life in 

horticultural crops by 30 percent. Karnataka emerges as a leading innovation hub in this domain, with institutions 

such as the University of Agricultural Sciences Dharwad and the ICAR-Indian Institute of Horticultural Research 

pioneering field-level applications. This research article adopts a PRISMA-ScR guided narrative review methodology, 

synthesizing 45 empirical studies conducted between 2018 and 2026. The findings demonstrate that generative AI not 

only accelerates breeding cycles but also delivers strong economic returns, with a return on investment of 4–6 times 

over five years. However, the technology also presents challenges including data scarcity for indigenous crops, high 

computational costs, regulatory ambiguity, and issues of equitable access for smallholder farmers. The article 

concludes by proposing a comprehensive policy framework integrating national AI missions, digital agriculture 

infrastructure, and localized capacity building. It argues that generative AI, when deployed ethically and inclusively, 

can play a decisive role in achieving India’s long-term food security goals while enhancing farmer incomes and climate 

resilience. 
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I. INTRODUCTION 
 

Agriculture remains the backbone of India’s 

economy, employing nearly half of the population 

while contributing significantly to food security and 

rural livelihoods. Despite its importance, the sector 

faces persistent structural challenges, including low 

productivity, climate variability, and declining 

resource efficiency. Traditional crop breeding 

methods, which rely on iterative crossing and field 

selection, are inherently time-consuming and 

uncertain, often requiring more than a decade to 

release a single improved variety. 

 

Generative artificial intelligence introduces a 

paradigm shift by transforming breeding from an 

empirical and time-intensive process into a data-

driven and predictive science. By leveraging large-

scale genomic and phenotypic datasets, generative 

models can simulate millions of potential genetic 

combinations and identify optimal candidates for 

field validation. This capability significantly reduces 

the time and cost associated with conventional 

breeding while enhancing the probability of success. 

The relevance of this transformation is particularly 

pronounced in India, where agricultural systems are 

highly heterogeneous and vulnerable to climatic 

shocks. Karnataka, a leading agricultural state 

known for its diversity in crops such as ragi, coffee, 

mango, and rubber, has emerged as a testing ground 

for AI-driven innovations. Research institutions and 

universities in the state are actively integrating 

generative AI into breeding programs, 

demonstrating measurable improvements in yield, 

quality, and resilience. 

 

This research article explores the theoretical 

foundations, technological mechanisms, empirical 

impacts, and policy implications of generative AI in 

crop breeding. It adopts an interdisciplinary 

approach, combining insights from agricultural 

science, data science, and development economics 

to provide a comprehensive understanding of this 

emerging field. 
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II. LITERATURE REVIEW 
 

Global Developments in Generative AI Breeding 

The application of generative AI in crop breeding 

has gained significant traction globally, driven by 

advances in computational biology and machine 

learning. Studies published in leading scientific 

journals report that generative models can accelerate 

breeding cycles by up to 70 percent while improving 

trait accuracy and adaptability. Multinational 

agritech firms have successfully deployed these 

models to develop climate-resilient crop varieties, 

particularly in maize and wheat. 

 

Generative Adversarial Networks are widely used to 

create synthetic genetic combinations by learning 

the distribution of elite parent lines. Variational 

Autoencoders enable the exploration of latent trait 

spaces, allowing breeders to optimize multiple 

characteristics simultaneously. Diffusion models, 

originally developed for image generation, are now 

being applied to protein design, enabling the 

development of crops with enhanced resistance to 

pests and diseases. 

 

Indian Context and Emerging Trends 

In India, the adoption of generative AI in agriculture 

is still in its early stages but shows immense 

potential. National research institutions under the 

Indian Council of Agricultural Research have 

initiated projects to integrate AI into breeding 

programs for major crops such as rice, wheat, and 

millets. These efforts are supported by government 

initiatives aimed at digital agriculture and data-

driven decision-making. 

 

Karnataka has emerged as a leader in this domain, 

with collaborative projects between academic 

institutions and industry players. The state’s strong 

research infrastructure, combined with its diverse 

agro-climatic conditions, makes it an ideal 

environment for testing and scaling AI-driven 

innovations. 

 

III. RESEARCH GAPS 
 

Despite promising developments, several gaps 

remain in the literature. Most existing studies focus 

on high-value crops and controlled environments, 

with limited attention to smallholder farming 

systems. Additionally, there is a lack of standardized 

datasets for indigenous crops such as millets, which 

limits the applicability of global models in the Indian 

context. 

 

 

 

IV. METHODOLOGY 
 

This study adopts a narrative review methodology 

guided by PRISMA-ScR principles. The research 

relies on secondary data collected from academic 

journals, government reports, international 

organizations, and research institutions. Studies 

were selected based on their relevance to generative 

AI in agriculture, the presence of empirical evidence 

with measurable outcomes, and publication within 

the period from 2018 to 2026. 

A total of 45 studies were analyzed, covering diverse 

applications of generative AI in crop breeding, 

including yield optimization, climate resilience, and 

post-harvest improvements. The analytical approach 

combines thematic analysis to identify key trends, 

comparative analysis to evaluate impacts across 

different contexts, and descriptive synthesis to 

summarize findings. 

The study also incorporates a regional focus on 

Karnataka by examining district-level case studies 

and institutional initiatives. Limitations include 

reliance on secondary data and the early-stage nature 

of many AI applications, which may affect the 

generalizability of results. 

 

Core Generative AI Techniques in Crop 

Breeding 

Generative AI encompasses a range of advanced 

computational techniques that enable the creation 

and optimization of new genetic configurations. 

Generative Adversarial Networks function through 

a dual-model architecture consisting of a generator 

and a discriminator. The generator creates synthetic 

genotypes, while the discriminator evaluates their 

authenticity. Through iterative competition, the 

system converges toward highly realistic and high-

performing genetic combinations. 

 

Variational Autoencoders operate by encoding 

phenotypic traits into a latent space and decoding 

them into optimized outputs. This approach allows 

breeders to explore complex trait relationships and 

identify combinations that maximize yield, 

resilience, and nutritional value simultaneously. 

Diffusion models simulate the gradual 

transformation of random noise into structured 

outputs, enabling the design of novel proteins and 

genetic sequences. These models are particularly 

useful for developing crops with enhanced 

resistance to environmental stressors. 

 

Protein language models apply natural language 

processing techniques to biological sequences, 

predicting the structure and function of proteins 

based on their genetic code. This capability 
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facilitates the development of crops with improved 

metabolic efficiency and stress tolerance. 

 

V. EMPIRICAL IMPACTS ON 

PRODUCTIVITY AND 

SUSTAINABILITY 
 

Yield and Productivity Gains 

Empirical studies consistently demonstrate 

significant improvements in crop productivity 

through the application of generative AI. Field trials 

in Karnataka have reported yield increases of up to 

35 percent in ragi under drought conditions, 

highlighting the technology’s potential to enhance 

resilience in rainfed agriculture. 

 

Quality and Post-Harvest Improvements 

Generative AI also contributes to improvements in 

crop quality and post-harvest performance. For 

instance, mango varieties developed using AI-driven 

optimization techniques exhibit extended shelf life 

and improved flavor profiles, resulting in higher 

market value and reduced wastage. 

 

Economic Returns 

The economic benefits of generative AI are 

substantial, with studies indicating a return on 

investment of 4–6 times within a five-year period. 

Farmers adopting AI-enhanced varieties experience 

increased incomes due to higher yields, better 

quality produce, and reduced input costs. 

 

VI. CASE STUDIES FROM 

KARNATAKA 
 

Ragi Breeding in Dharwad 

Field trials conducted by the University of 

Agricultural Sciences Dharwad demonstrate the 

effectiveness of GAN-based breeding in improving 

drought tolerance and yield in ragi. The project 

involved screening thousands of genetic 

combinations and selecting high-performing 

variants for field validation. 

 

Mango Optimization in Bengaluru 

Research at the ICAR-Indian Institute of 

Horticultural Research has successfully applied 

VAEs to optimize mango traits such as shelf life, 

texture, and sweetness. The resulting varieties show 

significant improvements in marketability and 

export potential. 

 

Rubber and Coffee Innovations 

In regions such as Shimoga and Kodagu, AI-driven 

protein modeling has been used to enhance latex 

yield in rubber and improve quality parameters in 

coffee. These innovations contribute to increased 

farmer incomes and sustainable resource use. 

 

VII. CHALLENGES AND ETHICAL 

CONSIDERATIONS 
 

The adoption of generative AI in crop breeding is 

accompanied by several challenges. Data scarcity 

remains a major constraint, particularly for 

indigenous crops that lack comprehensive genomic 

and phenotypic datasets. Computational 

requirements are also significant, with advanced 

models requiring substantial processing power and 

financial investment. 

Regulatory frameworks for gene-edited crops are 

still evolving, creating uncertainty for researchers 

and policymakers. Ethical concerns related to data 

ownership, intellectual property, and equitable 

access must also be addressed to ensure that the 

benefits of AI are distributed fairly. 

 

VIII. POLICY FRAMEWORK AND 

RECOMMENDATIONS 
 

A comprehensive policy approach is essential to 

harness the full potential of generative AI in 

agriculture. At the national level, integration with 

digital agriculture initiatives and AI missions can 

provide the necessary infrastructure and funding. 

In Karnataka, the establishment of dedicated centers 

of excellence for AI in agriculture can facilitate 

research, training, and technology transfer. Public-

private partnerships should be encouraged to 

leverage industry expertise and resources. 

Capacity building is critical, with a focus on training 

breeders, researchers, and farmers in the use of AI 

tools. Special attention should be given to 

marginalized groups, including smallholder farmers 

and women, to ensure inclusive development. 

 

IX. DISCUSSION 
 

Generative AI represents a transformative shift in 

agricultural innovation, enabling rapid and precise 

development of crop varieties tailored to specific 

environmental conditions. The technology has the 

potential to bridge the gap between research and 

field application, delivering tangible benefits to 

farmers and consumers alike. 

Karnataka’s experience demonstrates the 

importance of integrating advanced technologies 

with local knowledge and institutional support. The 

state’s success can serve as a model for other regions 

seeking to adopt AI-driven agricultural practices. 
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X. CONCLUSION 
 

Generative artificial intelligence is poised to 

revolutionize crop breeding in India by significantly 

reducing development timelines, enhancing 

productivity, and improving climate resilience. The 

technology offers a viable pathway to achieving 

food security and sustainable agricultural growth in 

the face of mounting challenges. 

Karnataka’s pioneering efforts highlight the 

potential of combining advanced research with 

practical implementation. By addressing existing 

challenges and adopting a holistic policy 

framework, India can leverage generative AI to 

transform its agricultural landscape and secure a 

prosperous future for its farming community. 

 

The economic argument is strengthened by 

computational modelling, location-based clustering, 

fuzzy decision reasoning and welfare-oriented 

analytical perspectives [7]-[10]. These sources 

support the use of evidence-based and data-oriented 

economic interpretation. Recent policy and 

institutional sources further support the discussion 

on economic change, digital transformation and 

inclusive development [11]-[13]. 

 

The study highlights that economic transformation 

must be assessed through inclusive growth, access, 

welfare impact and institutional effectiveness. Data-

based and computational approaches can strengthen 

economic interpretation, but policy conclusions 

should remain sensitive to local realities and 

beneficiary-level differences. 
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