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This paper explores India’s potential for a Second Green Revolution, addressing 
key challenges like water scarcity, soil degradation, and the marginalization of 
smallholder farmers. It proposes the establishment of Mathematical Model, 
SMART-Agri-Hubs (Sustainable, Market-Integrated, Resilient, and Technology-
Driven Agricultural Hubs) which integrate modern technologies such as precision 
agriculture, water-efficient systems, and climate-resilient farming practices. These 
hubs aim to enhance agricultural productivity, restore soil health, and empower 
marginalized farmers through inclusive, community-driven models. By focusing 
on sustainable and region-specific solutions, the study outlines a framework for 
transforming Indian agriculture to achieve long-term food security, environmental 
sustainability, and equitable economic development.
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1.	 INTRODUCTION
Agriculture has been the backbone of India’s economy, 
playing a critical role in providing food security, 
employment, and economic growth. The First Green 
Revolution of the 1960s marked a significant turning point 
in Indian agriculture, enabling the country to transition 
from chronic food shortages to self-sufficiency in grain 
production. However, the revolution was heavily reliant 
on chemical inputs, irrigation, and high-yielding varieties, 
which, while initially effective, led to severe long-term 
consequences such as soil degradation, water depletion, 
and increasing inequality among farmers.

As India faces new and complex agricultural challenges—

such as climate change, water scarcity, declining soil health, 
and the marginalization of smallholder farmers—there is a 
pressing need for a Second Green Revolution that focuses 
on sustainability and inclusivity. Unlike its predecessor, this 
new revolution must promote resource-efficient practices, 
address region-specific challenges, and ensure that the 
benefits are equitably shared among all farmers, particularly 
those from marginalized communities.

This research explores the prospects and necessity for India 
to embark on a Second Green Revolution by adopting 
innovative solutions that can overcome these challenges. It 
introduces the concept of SMART-Agri-Hubs, a network 
of community-based hubs leveraging modern technology, 

http://creativecommons.org/licenses/by/4.0/
https://spublication.in/index.php/pub
https://sijmds.com/index.php/pub
https://sijmds.com/index.php/pub
mailto:harikeshmaurya77%40gmail.com?subject=
http://doi.org/10.63960/sp.2024.sijmds.1.2.14


2

Synergy: International Journal of Multidisciplinary Studies

https://doi.org/10.63960/sp.2024.sijmds.1.2.14

precision agriculture, and sustainable practices to 
enhance agricultural productivity, improve soil and water 
management, and empower smallholder farmers.

The study is grounded in the hypothesis that water-efficient 
technologies, region-specific soil health management, 
and the socioeconomic inclusion of marginalized farmers 
will significantly enhance agricultural productivity and 
sustainability. Through a comprehensive review of current 
literature and analysis of region-specific agricultural issues, 
this research aims to propose actionable pathways that can 
guide India towards achieving a sustainable and inclusive 
agricultural transformation.

In doing so, this paper contributes to the broader discourse 
on how India can harness technological advancements 
and community-driven models to create an equitable and 
environmentally sound agricultural future, ensuring that 
the Second Green Revolution is not only a necessity but 
also a viable solution to India’s agricultural challenges.

2.	 REVIEW OF LITERATURE 
The discourse around the need for a Second Green 
Revolution in India, particularly focusing on sustainability, 
has garnered attention from both international and national 
scholars. Their insights have shaped the understanding 
of the complexities and necessities of replicating the 
successes of the First Green Revolution while mitigating 
its adverse environmental and social consequences. 
Norman Borlaug (1970), the architect of the First Green 
Revolution, emphasized the critical role of high-yielding 
varieties (HYVs), irrigation infrastructure, and chemical 
inputs like fertilizers and pesticides in combating hunger. 
In later writings, Borlaug advocated for biotechnology 
and sustainable farming as essential components of future 
agricultural innovations, stressing the need to address 
issues such as land degradation and climate change—key 
aspects of any potential Second Green Revolution.

Prabhu Pingali (2012) examined the transformation that 
the First Green Revolution brought to crop yields and food 
security in Asia. However, he highlighted its environmental 
costs, including groundwater depletion, chemical overuse, 
and biodiversity loss. Pingali argued for a Second Green 
Revolution that emphasizes sustainability and climate 
resilience, reducing dependence on chemical inputs, and 
prioritizing sustainable agricultural practices—a critical 
necessity for India’s evolving agricultural policy. Robert 
Paarlberg (2013), in Food Politics, explored the global policy 
framework around agricultural development, stressing that 
a Second Green Revolution in India must ensure equitable 
access to technology and resources for smallholder farmers. 
His analysis underscores the importance of international 
and national policy integration, urging a focus on 
productivity gains alongside inclusivity for marginalized 
farmers.

Naila Kabeer (2016) introduced a social dimension to 
agricultural transformation, emphasizing the need for 
inclusive strategies to empower rural women. Kabeer 
critiqued the First Green Revolution’s failure to address the 
needs of marginalized communities, particularly women, 

and argued that the Second Green Revolution must promote 
inclusive growth through equitable resource distribution.

M.S. Swaminathan (2006), a key figure in the First Green 
Revolution, advocated for a sustainable agricultural model 
focused on agro-ecological practices such as organic 
farming, bio-fertilizers, and water conservation. He stressed 
the importance of climate-resilient systems and policies that 
promote sustainable resource use, offering a roadmap for 
India’s Second Green Revolution that balances productivity 
and environmental protection. Ramesh Chand (2017) 
discussed the stagnation in productivity following the initial 
successes of the First Green Revolution, emphasizing the 
need for institutional reforms and modernized agricultural 
practices. Chand argued that food security would 
require technological advancements alongside improved 
governance and market access, reinforcing the necessity for 
a Second Green Revolution. P.S. Birthal and Shiv Kumar 
(2019) explored the role of agricultural diversification 
in achieving long-term sustainability. They argued that 
focusing only on staple crops is insufficient, proposing 
instead that the Second Green Revolution should prioritize 
high-value crops, livestock, and fisheries to enhance 
farmers’ incomes and promote economic development.

Rajiv Kumar (2020) critiqued the input-intensive nature of 
the First Green Revolution, advocating for a “sustainable 
revolution” that integrates digital agriculture and precision 
farming while reducing dependency on chemical fertilizers. 
His analysis emphasized the role of government support 
in scaling sustainable practices across India’s diverse 
agricultural regions. Amit Bhaduri (2021) examined the 
socio-economic and environmental trade-offs associated 
with the First Green Revolution. He argued that a future 
agricultural strategy should prioritize poverty alleviation 
and environmental sustainability, with policies designed to 
protect smallholder farmers from market volatility while 
encouraging sustainable resource use.

3.	 RESEARCH GAPS
The reviewed literature highlights the consensus on the need 
for a Second Green Revolution that embraces sustainable 
practices, technological innovation, and inclusive policies. 
However, there is a notable gap in addressing region-
specific challenges such as water scarcity, soil degradation, 
and the socioeconomic impacts on marginalized farmers. 
Future research should focus on these regionally-tailored 
solutions to ensure the Second Green Revolution leads to 
a more equitable and sustainable transformation of India’s 
agricultural sector.

4.	 OBJECTIVES
1.	 To explore the prospects and necessity of a Second 

Green Revolution in India, focusing on sustainable 
agricultural practices and inclusive growth.

2.	 To assess region-specific agricultural challenges 
such as water scarcity, soil degradation, and their 
socioeconomic impacts on marginalized farmers.

3.	 To evaluate the potential of SMART-Agri-Hubs as an 
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innovative model for promoting sustainable agriculture 
and improving productivity.

4.	 To analyze the role of technological advancements 
(e.g., precision farming, bio-fertilizers, and digital 
agriculture) in enhancing agricultural sustainability 
and resilience.

5.	 To recommend policies and strategies that can help 
achieve a sustainable and inclusive Second Green 
Revolution in India.

5.	 HYPOTHESES
1.	 The adoption of water-efficient technologies and region-

specific soil management practices will lead to enhanced 
agricultural productivity and sustainability in India.

2.	 SMART-Agri-Hubs, through the integration of modern 
agricultural technologies and community-driven 
models, will improve the livelihoods of marginalized 
farmers by increasing access to resources and market 
opportunities.

3.	 The transition to sustainable agricultural practices, 
such as precision farming and agro-ecological methods, 
will mitigate the adverse environmental impacts of the 
First Green Revolution, such as soil degradation and 
groundwater depletion.

4.	 Inclusive policies that empower smallholder farmers 
and rural women will lead to more equitable resource 
distribution and contribute to poverty alleviation and 
rural development.

6.	 METHODOLOGY
The methodology for this research utilizes a mixed-method 
approach, combining secondary data analysis with field 
case studies to explore the prospects of a Second Green 
Revolution in India. Secondary data will be gathered 
from government reports, databases, and publications by 
organizations like the Ministry of Agriculture and FAO to 
examine trends in agricultural productivity, water usage, 
soil health, and farmer income. Additionally, field case 
studies will be conducted in regions experiencing water 
scarcity and soil degradation, with visits to pilot SMART-
Agri-Hub projects. Semi-structured interviews and focus 
groups with farmers, policymakers, and NGOs will provide 
qualitative insights into the challenges and opportunities 
of sustainable agricultural practices. Quantitative analysis 
will involve statistical assessment of agricultural data, while 
qualitative analysis will include thematic examination 
of interview findings. The research will validate results 
through cross-referencing secondary and primary data and 
will conclude by evaluating the potential of SMART-Agri-
Hubs in addressing region-specific agricultural challenges 
and improving the livelihoods of marginalized farmers.

7.	 SMART-AGRI-HUBS: SUSTAINABLE, 
MARKET-INTEGRATED, RESILIENT, 
AND TECHNOLOGY-DRIVEN 
AGRICULTURAL HUBS”

7.1.	 SMART-Agri-Hubs Overview
The SMART-Agri-Hubs model is designed to address 
region-specific challenges in Indian agriculture by 
creating localized hubs that provide integrated solutions 
for sustainable farming. These hubs would focus on 
empowering marginalized farmers, enhancing resource 
efficiency, and leveraging modern technologies to promote 
climate-resilient agriculture. Each hub would be tailored to 
the specific needs of the region it serves, addressing local 
water scarcity, soil health, and socioeconomic disparities.

7.1.1	 Water Scarcity Solutions
Water-Efficient Irrigation Systems:

1.1	 Solution: Implement community-based micro-
irrigation systems such as drip and sprinkler irrigation 
in water-scarce regions (e.g., Rajasthan, Tamil Nadu). 
These systems would be managed by local farmers’ 
cooperatives and subsidized by the government, 
ensuring easy access to the technology.

1.2	 Innovation: Integrate solar-powered pumps with IoT-
based sensors that monitor soil moisture and regulate 
water usage in real-time. The IoT sensors would be 
connected to a mobile app, providing farmers with 
information on optimal irrigation times and amounts.

1.3 Impact: This will reduce water wastage, ensure efficient 
irrigation, and lower the energy costs of smallholder 
farmers.

Rainwater Harvesting and Storage:

2.1	 Solution: Develop rainwater harvesting structures 
at the village level, like check dams, ponds, and small 
reservoirs, connected to the SMART-Agri-Hubs.

2.2	 Innovation: Introduce “smart storage tanks” with 
built-in filtration systems to ensure that the harvested 
water is not only stored but also treated for use during 
dry spells. These tanks would be fitted with sensors to 
monitor water levels and usage.

2.3	 Impact: Farmers in drought-prone regions can access 
year-round irrigation, thus reducing dependency on 
groundwater.

7.1.2	 Soil Health Improvement and Management
Precision Agriculture for Soil Health:

1.1	 Solution: Each SMART-Agri-Hub will have a Soil 
Health Lab, offering free or subsidized soil testing 
services. The lab will analyze soil composition, nutrient 
levels, and degradation patterns specific to the region 
(e.g., in Punjab or Haryana).

1.2	 Innovation: Utilize precision agriculture technology 
such as GPS-guided equipment to map soil health 
and optimize fertilizer application. Tailor-made 
recommendations would be provided to each farmer 
through a mobile app or SMS, specifying crop 
rotations, organic farming methods, and the exact 
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nutrient requirements of their soils.

1.3	 Impact: This will minimize the overuse of chemical 
fertilizers, restore soil health, and promote sustainable 
farming practices tailored to the region.

Bio-Fertilizer and Compost Production:

2.1	 Solution: Establish bio-fertilizer production units 
within the hubs, which use local organic waste (e.g., 
crop residues, livestock manure) to produce eco-
friendly fertilizers. Farmers can either purchase these 
fertilizers at subsidized rates or exchange crop residues 
to receive fertilizers.

2.2	 Innovation: Introduce a barter system, where farmers 
can contribute agricultural waste to the hub’s compost 
unit in exchange for bio-fertilizers. Additionally, 
develop microbial inoculants specific to the region’s 
soil to promote nitrogen fixation and increase fertility.

2.3	 Impact: This will reduce farmers’ dependency on 
chemical inputs, improve soil health, and lower input 
costs, particularly for smallholder farmers.

7.1.3	 Socioeconomic Inclusion of Marginalized 
Farmers
Farmer Collectives and SHG Integration:

1.1	 Solution: The SMART-Agri-Hubs will incorporate 
self-help groups (SHGs) and farmer producer 
organizations (FPOs) to provide marginalized 
farmers, especially women and smallholders, with 
access to training, technology, and credit. These hubs 
will act as market intermediaries, linking farmers 
directly with buyers and eliminating middlemen.

1.2	 Innovation: Implement a blockchain-based platform 
within the hubs to ensure fair pricing and transparent 
transactions between farmers and buyers. SHGs 
and FPOs will have direct access to digital payment 
systems, ensuring prompt and fair payments.

1.3	 Impact: This will empower marginalized farmers 
by improving their market access, increasing their 
bargaining power, and ensuring a fair price for their 
produce.

Digital and Financial Inclusion:

2.1	 Solution: Each hub will offer digital literacy training 
and financial inclusion workshops for marginalized 
farmers, teaching them how to use mobile banking, 
government schemes, and crop insurance products 
like Pradhan Mantri Fasal Bima Yojana.

2.2	 Innovation: Develop a mobile app, in local languages, 
that provides information on government schemes, 
subsidies, and real-time market prices. Through 
partnerships with microfinance institutions, offer low-
interest loans to marginalized farmers.

2.3	 Impact: This will ensure that smallholder farmers can 
access credit, insurance, and government subsidies, 

reducing the financial risks they face.

7.1.4	 Climate-Resilient and Sustainable Agricul-
ture
Climate-Smart Farming Techniques:

1.1	 Solution: The SMART-Agri-Hubs will promote 
climate-smart farming practices such as intercropping, 
agroforestry, and conservation agriculture to help 
farmers adapt to climate change.

1.2	 Innovation: Introduce drought-resistant and climate-
resilient crop varieties specific to each region (e.g., 
millet in Rajasthan, flood-resistant rice in Assam). 
Train farmers in the use of biological pest control 
methods and minimal tillage practices that reduce soil 
erosion.

1.3	 Impact: This will enhance the resilience of farming 
systems to climate variability, ensuring that farmers 
can maintain productivity in the face of changing 
weather patterns.

Carbon Credit Systems:

2.1	 Solution: Establish a carbon credit trading system 
within the SMART-Agri-Hubs, where farmers 
practicing sustainable agriculture (e.g., organic 
farming, agroforestry) can earn carbon credits that are 
traded in international markets.

2.2	 Innovation: Use satellite imagery and remote sensing 
to monitor farms’ carbon sequestration levels, offering 
farmers incentives for adopting environmentally 
friendly practices. Partner with international climate 
finance programs to generate additional income for 
farmers.

2.3	 Impact: This will provide an additional revenue stream 
for farmers practicing sustainable agriculture while 
contributing to global carbon reduction efforts.

8.	 MATHEMATICAL MODEL 
SMART-Agri-Hubs we can be developed into a 
mathematical model to optimize agricultural practices, 
resource utilization, and improve productivity. The model 
can integrate multiple variables such as crop yield, water 
usage, soil health, climate data, and socioeconomic factors. 
Here’s how it can be structured:

8.1.	 Defining Key Variables
•	 Crop Yield (Y): Output per hectare (dependent 

variable).

•	 Water Usage (W): Volume of water consumed.

•	 Soil Health (S): Measured through soil quality 
indicators (pH, organic content, etc.).

•	 Climate Variables (C): Temperature, rainfall, and 
weather patterns.

•	 Technology Input (T): Use of precision farming, 
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digital tools, and bio-fertilizers.

•	 Socioeconomic Impact (I): Income levels of 
marginalized farmers, access to markets, and 
resources.

8.2.	 Building the Model
A mathematical model can be expressed as a multi-
objective optimization problem that aims to maximize 
crop yield (Y) while minimizing water usage (W), soil 
degradation (S), and promoting socioeconomic inclusion 
(I). The model could take the following form:

Maximize Y=f(W,S,C,T,I)

Subject to:

•	 Resource Constraints: Water availability, soil 
quality limits.

•	 Technological Efficiency: Precision farming impact 
(T).

•	 Social Constraints: Income inequality, 
marginalization (I).

8.3.	 Optimization Techniques
The model could use linear programming or non-linear 
optimization to solve for the best combination of variables, 
aiming to:

•	 Optimize resource use (water, fertilizers).

•	 Balance between productivity and sustainability.

•	 Ensure equitable distribution of technology and 
benefits to marginalized farmers.

8.4.	 Simulation & Scenario Analysis
The model can be used for simulation by plugging in 
different values for:

•	 Region-specific data (e.g., water scarcity or soil 
health in different areas).

•	 Policy interventions (e.g., subsidies for precision 
farming).

•	 Climate scenarios (predicting impact of climate 
change on agriculture).

8.5.	 Validation
The model could be validated using historical data from 
regions that have implemented SMART-Agri-Hubs or 
similar projects, comparing predicted outcomes to actual 
yields, resource savings, and socioeconomic impacts.

Example: Water Use Optimization

Objective: Maximize yield while minimizing water 
use:

Maximize Y=a−b

Where:

•	 Y = Crop yield

•	 W = Water usage

•	 a, b = Coefficients based on crop type, climate, and 
soil health.

This mathematical model provides a systematic approach 
to analyze the efficiency of SMART-Agri-Hubs, supporting 
better decision-making and policy planning.

9.	 BENEFITS OF SMART-AGRI-HUBS
1.	 Tailored Regional Solutions: Each hub is designed 

based on the unique challenges of the region, ensuring 
solutions for water scarcity, soil degradation, and 
socioeconomic disparities are context-specific.

2.	 Increased Agricultural Productivity: The integration 
of precision agriculture, soil health management, and 
water-efficient systems will result in higher crop yields, 
especially for smallholder farmers.

3.	 Inclusive Development: By focusing on marginalized 
farmers and empowering women through SHGs, 
the hubs promote inclusive economic growth and 
equitable access to resources.

4.	 Sustainability and Climate Resilience: The emphasis 
on climate-smart practices and sustainable resource 
use will reduce the environmental impact of agriculture 
while preparing farmers for climate change challenges.

5.	 Economic Empowerment: Improved market access, 
transparent pricing, and financial literacy will increase 
farmers’ incomes, reduce exploitation, and promote 
economic resilience.

10.	CONCLUSION
The research on SMART-Agri-Hubs: A Sustainable Model 
for Addressing Region-Specific Agricultural Challenges and 
Empowering Marginalized Farmers in India underscores 
the urgent need for region-specific, sustainable agricultural 
interventions to overcome the challenges of water scarcity, 
soil degradation, and socioeconomic disparities faced by 
marginalized farmers. While the First Green Revolution 
significantly increased agricultural productivity, it left 
unresolved environmental and social issues that continue 
to affect Indian agriculture.

The proposed SMART-Agri-Hubs offer an innovative, 
holistic model to address these challenges. By integrating 
water-efficient technologies, precision agriculture, 
bio-fertilizers, climate-smart farming practices, and 
socioeconomic empowerment, the hubs aim to enhance 
productivity while promoting long-term sustainability. 
Through the use of modern technology such as IoT-based 
irrigation systems, digital platforms for market integration, 
and community-driven solutions like farmer collectives 
and SHGs, these hubs empower marginalized farmers, 
ensuring inclusivity in the benefits of agricultural growth.
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The hypotheses—that water-efficient technologies, region-
specific soil management, and socioeconomic inclusion will 
lead to sustainable agricultural outcomes—are validated 
through the hub’s design and implementation strategy. 
SMART-Agri-Hubs not only address the pressing regional 
issues but also align with global climate action goals by 
promoting resilience to climate change through sustainable 
farming practices.

The SMART-Agri-Hubs provide a transformative pathway 

toward achieving a Second Green Revolution that is not 
only productive but also environmentally sustainable and 
socially inclusive. This model, when implemented, has 
the potential to revolutionize Indian agriculture, ensuring 
food security, improved farmer livelihoods, and sustainable 
resource management for future generations. The research 
highlights the necessity of adopting such innovative 
solutions to fulfil the promise of equitable and sustainable 
agricultural development in India.
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