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Abstract

This paper examines how the Green Revolution was incorporated into the Five-Year Development Plans of
post-colonial India and assesses its long-term consequences for agricultural productivity, rural society, and ecological
sustainability. Drawing on planning documents, agricultural statistics, and environmental data spanning 1950 to 2000,
the study evaluates both the immediate successes and the unintended outcomes of high-yielding variety (HY'V) based
agricultural modernization. The findings demonstrate that while the Green Revolution substantially increased food
grain production and helped secure national food self-sufficiency — particularly in wheat and rice — it also generated
serious ecological stresses, including soil degradation, groundwater depletion, and biodiversity loss. Moreover, the
benefits of technological change were unevenly distributed, with larger landholders gaining far more than small and
marginal farmers. By combining quantitative analysis with critical policy interpretation, the paper challenges the
techno-optimistic assumptions that shaped development planning. It argues that although the Green Revolution
succeeded in preventing famine, it entrenched environmentally unsustainable farming practices and deepened rural
inequalities. The study concludes by emphasizing the need for development models that integrate productivity with
ecological resilience and social equity.

Keywords: Green Revolution; Five-Year Plans; Agricultural Productivity; Ecological Degradation; Post-Colonial
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1. Introduction

The Green Revolution emerged as a central component of India's agricultural strategy during the Third and
Fourth Five-Year Plans, aiming to achieve food self-sufficiency through the adoption of high-yielding variety (HY'V)
seeds, chemical fertilizers, pesticides, irrigation expansion, and mechanization. Supported by intensive state
intervention, including subsidies, rural credit, and procurement policies, the strategy substantially increased
agricultural productivity, particularly in wheat- and rice-producing states such as Punjab, Haryana, and western Uttar
Pradesh. Food grain production rose significantly, transforming India from a food-deficit nation dependent on imports
into a self-sufficient agricultural economy.
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The productivity gains associated with the Green Revolution were considerable. Wheat production increased
from approximately 11 million tonnes in 1960—61 to more than 55 million tonnes by the late 1980s, while overall food
grain output expanded rapidly due to improvements in crop yields and multiple cropping practices. The spread of
irrigation infrastructure and mechanized farming further enhanced agricultural efficiency and rural commercialization.
These developments contributed to national food security, stabilized grain availability, and strengthened the
agricultural sector's contribution to economic growth.

However, the ecological consequences of this development model became increasingly evident over time.
Intensive cultivation practices encouraged excessive extraction of groundwater, especially in regions dependent on
tube-well irrigation. Monocropping of wheat and rice reduced biodiversity and depleted soil nutrients, while the heavy
use of chemical fertilizers and pesticides contributed to soil degradation, water contamination, and declining soil
fertility. In Punjab and Haryana, groundwater tables declined sharply due to unsustainable irrigation practices, creating
long-term environmental stress. The mechanized and input-intensive nature of Green Revolution agriculture also
increased regional inequalities, as resource-rich farmers benefited disproportionately compared to small and marginal
cultivators.

Thus, while the Green Revolution successfully addressed India's immediate food security concerns within
the framework of successive Five-Year Plans, it also generated significant ecological and socio-economic challenges.
The experience highlights the need for a more sustainable agricultural model that balances productivity growth with
environmental conservation and equitable rural development.

2. Objectives of the Study
This study aims to:
1. Examine how Green Revolution technologies were incorporated into India's Five-Year Plans and how they
shaped agricultural policy.
2. Assess the impact of these policies on agricultural productivity and national food security.
Investigate the long-term ecological consequences of intensified farming practices.

4. Critically evaluate the theoretical assumptions underlying post-colonial development planning and suggest
alternative approaches for sustainable agriculture.

3. Hypothesis

The central hypothesis of this study is that although the integration of Green Revolution technologies into
India's Five-Year Plans resulted in substantial short-term gains in productivity and food security, these gains were
achieved at the cost of long-term ecological sustainability and equitable rural development.

Secondary hypotheses suggest that:

e Larger landholders and well-irrigated regions benefited disproportionately.
*  Planning priorities favoured output targets over environmental and social considerations.
*  Dependence on external technologies weakened indigenous knowledge systems.

*  Present-day ecological vulnerabilities in Indian agriculture are direct legacies of Green Revolution-era
policies.
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4. Methodology

The study adopts a mixed-methods approach. Qualitative analysis draws on Planning Commission
documents, parliamentary debates, agricultural policy reports, and archival materials to examine shifts in development
discourse. Quantitative analysis uses agricultural and environmental data from national and international sources to
assess changes in productivity, input use, and ecological indicators between 1950 and 2000.

Time-series and panel data models are employed to examine relationships between fertilizer use, irrigation
expansion, and crop yields, as well as their environmental consequences. Comparative analysis contrasts early-
adopting regions with late adopters to isolate policy effects.

5. Literature Review

Early scholarship on the Green Revolution was dominated by modernization theory and celebrated
technological innovation as a triumph over scarcity. Proponents argued that HY Vs and chemical inputs saved millions
from famine and demonstrated the power of science-led development. In India, official assessments initially echoed
this optimism, highlighting rising yields and improved food availability.

From the 1980s onward, however, a growing body of critical scholarship began to question this narrative.
Political ecologists and agrarian economists pointed out that productivity gains were unevenly distributed and often
accompanied by increased inequality, rural indebtedness, and environmental stress. Scholars such as Vandana Shiva
argued that monoculture farming disrupted traditional agro-ecological systems and eroded seed diversity, while others
highlighted stagnating real wages for agricultural labourers despite rising output.

Environmental historians further traced the roots of India's ecological crisis to post-independence
development planning, emphasizing how canal irrigation, chemical-intensive farming, and groundwater extraction
exceeded ecological limits. More recent interdisciplinary work has combined statistical analysis with ethnographic
research to show how development interventions reshaped rural power relations and deepened vulnerability among
marginal communities.

Despite this extensive literature, relatively few studies have systematically linked specific Five-Year Plans
to measurable agricultural and ecological outcomes. This study addresses that gap by analysing the Green Revolution
as a planned intervention embedded within state-led development strategy.

6. Results and Discussion

6.1 Productivity Trends under Plan Periods

Table 1 presents average annual growth rates in food grain production and yield per hectare across major
Five-Year Plans.

Table 1. Average Annual Growth Rates in Food Grain Production across Five-Year Plans

Plans Year Growth Rate Change
First 1951-1956 1.8% +25
Second 1956-1961 2.1% +30
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Third 1961-1966 2.8% +45
Fourth 1969-1974 3.7% +80
Fifth 1974-1979 3.2% +70
Sixth 1980-1985 3.9% +90

Source: DES, Ministry of Agriculture; Planning Commission Reports.

The data show a clear inflection point during the Fourth Plan, coinciding with the full rollout of HY Vs,
expanded credit facilities, and massive investment in irrigation. Wheat yields in Punjab rose from 1,040 kg/ha in 1960
to 3,050 kg/ha by 1980, a near tripling in two decades. Similar trends were observed in rice yields in Tamil Nadu and
Andhra Pradesh.

Regression analysis confirms a statistically significant relationship between fertilizer use and yield ( = 0.67,
p <0.01), even after controlling for rainfall and landholding size. However, diminishing returns set in after 1985, with
each additional kilogram of nitrogen yielding progressively less output.

6.2 Ecological Indicators

Data from the Central Ground Water Board reveal alarming declines in groundwater levels across Green
Revolution regions. In Punjab, the average depth to groundwater increased from approximately 5 meters in 1970 to
more than 15 meters by 2000, indicating severe depletion of aquifers. Simultaneously, the density of tube wells
expanded dramatically, rising from one well per 200 hectares in 1960 to one per 20 hectares by 1990. Difference-in-
Differences (DiD) estimates further demonstrate that districts adopting Green Revolution technologies experienced
groundwater depletion rates 3.2 times higher than non-adopting districts, with the results remaining statistically
significant (p < 0.05).

Soil testing data from ICAR show a 28% decline in organic matter content in intensively farmed districts
between 1970 and 1995. Salinity affected over 6 million hectares by 1990, primarily in canal-irrigated areas of
Haryana and western Uttar Pradesh.

Biodiversity loss is more difficult to quantify, but it is evident in seed replacement data. Traditional rice
varieties in Tamil Nadu fell from over 3,000 in 1960 to fewer than 100 by 1990. The share of HY Vs in total sown
area exceeded 70% in target states by the mid-1980s.

6.3 Socio-Economic Disparities

Land ownership surveys reveal that farmers with holdings above 10 hectares were three times more likely to
adopt HY Vs than those below 2 hectares. Subsidies on electricity and water disproportionately benefited larger farms
with multiple pump sets. While agricultural GDP grew at 3.5% annually from 1970 to 1990, real wages for casual
labourers increased by only 1.2%, suggesting limited trickle-down effects.

Farmer suicide clusters in the 1990s, particularly in Maharashtra and Punjab, are retrospectively linked to
debt cycles initiated during the Green Revolution, when smallholders borrowed to purchase inputs but failed to achieve
comparable yields due to poor irrigation access.
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6.4 Ecological Consequences of Intensified Farming Practices

Intensified farming prioritizes short-term yield maximization through synthetic inputs, monocropping, and
heavy mechanization. While it meets global food demands, it triggers severe ecological crises, including soil
degradation, massive biodiversity loss, and water contamination. Organizations like the Food and Agriculture
Organization (FAO) continually track these environmental shifts.

The primary ecological consequences include:

Soil Degradation and Erosion: Heavy mechanical tilling and the continuous extraction of single crops strip the soil
of essential nutrients. Without crop rotation, organic matter is depleted, killing beneficial soil microorganisms and
leaving the land vulnerable to wind and water erosion.

Water Pollution and Depletion: Runoff containing synthetic fertilizers and pesticides contaminates local freshwater
systems. Excess nitrogen and phosphorus frequently trigger eutrophication, leading to oxygen-depleted "dead zones"
where most aquatic life cannot survive. Additionally, excessive irrigation depletes groundwater aquifers much faster
than they can naturally replenish.

Biodiversity Loss: Monoculture farming and the clearing of natural habitats — such as hedgerows, wetlands, and
forests — destroy wildlife habitats. Broad-spectrum pesticides also kill non-target insects and pollinators, creating
cascading disruptions throughout the local food web.

Greenhouse Gas Emissions: Intensive agriculture is a major driver of climate change, releasing high levels of carbon
dioxide, methane, and nitrous oxide. Deforestation for agricultural expansion eliminates natural carbon sinks, while
the production of synthetic fertilizers relies heavily on fossil fuels.

7. Conclusion

The evidence confirms that the Green Revolution, as implemented through India's Five-Year Plans,
succeeded in its immediate objective of eliminating large-scale food shortages. However, this success was
accompanied by profound ecological degradation and persistent social inequalities. Planning institutions prioritized
rapid output growth but failed to anticipate long-term environmental costs or design adaptive mechanisms.

By treating agriculture as a technical problem rather than a complex socio-ecological system, planners
entrenched unsustainable practices that continue to shape India's agrarian crisis today. The study argues that future
development strategies must move beyond technology-centric models and instead emphasize agroecology,
participatory governance, and ecological resilience.

References

Ahluwalia, M. S. (1975). Income distribution and development in India. Journal of Development Studies, 11(3), 269—
289.

Ajl, M. (2022). The Green Revolution and the transversal counter movement. Journal of Peasant Studies, 49(3), 521—
540. https://doi.org/10.1080/03066150.2021.1997745

Azunna, C., & Okeke, C. (2018). Colonial and post-colonial agricultural participation in livelihood strengthening:

Evidence from Nigeria. African Journal of Agricultural and Resource Economics, 13(2), 112—130.

182

INTERNATIONAL JOURNAL OF RESEARCH IN SOCIAL SCIENCES AND HUMANITIES


http://www.ijrssh.com/
http://www.ijrssh.com/
https://doi.org/10.1080/03066150.2021.1997745

International Journal of Research in Social Sciences and Humanities http://www.ijrssh.com

(IJRSSH) 2026, Vol. No. 16, Issue No. I, Jan-Mar e-ISSN: 2249-4642 p-ISSN: 2454-4671

Bjornlund, V., et al. (2025). Reviewing the Green Revolution strategy in historical perspective: Lessons for sustainable
food systems. Global Environmental Change, 91, 102834, https://doi.org/10.1016/j.gloenvcha.2025.102834

Blaikie, P. (1985). The political economy of soil erosion in developing countries. Longman.

Borlaug, N. (1970). The Green Revolution: Peace and humanity [Nobel lecture]. Nobel Foundation.

Chand, R. (2023). From Green Revolution to Amrit Kaal: Transforming Indian agriculture. Economic & Political
Weekly, 58(12), 34-42.

Government of India, Planning Commission. (Various years). Five-Year plans (1951-2017). Government of India.
Guha, R. (2000). Environmentalism: A global history. Oxford University Press.

Gupta, B. (2019). India's transition from a colonial economy: Industrialization, agrarian change, and growth.
Explorations in Economic History, 74, 101290. https://doi.org/10.1016/j.eeh.2019.101290

Hanumantha Rao, C. H. (1971). Planning for employment. Macmillan.

Mosse, D. (2003). The rule of water: Statecraft, ecology, and collective action in South India. Oxford University
Press.

Murgai, R. (2001). The Green Revolution and the productivity paradox. Economic and Political Weekly, 36(45),
4237-4247.

Murgai, R., et al. (2001). Productivity growth and sustainability in post-Green Revolution agriculture. Food Policy,
26(4), 337-363. https://doi.org/10.1016/S0306-9192(01)00015-7

Patnaik, U. (1990). The agrarian question and development strategy. Economic and Political Weekly, 25(16), 837—
849.

Patnaik, U. (2007). The republic of hunger and other essays. Three Essays Collective.
Shiva, V. (1991). The violence of the Green Revolution. Zed Books.

Sundar, N. (2016). Subalterns and sovereigns: An anthropological history of Bastar. Oxford University Press.
Watts, M. (1983). Silent violence: Food, famine, and peasantry in Northern Nigeria. University of California Press.

Yaron, D. G. (1984). The Green Revolution revisited: Critiques and alternatives. Croom Helm.

183

INTERNATIONAL JOURNAL OF RESEARCH IN SOCIAL SCIENCES AND HUMANITIES


http://www.ijrssh.com/
http://www.ijrssh.com/
https://doi.org/10.1016/j.gloenvcha.2025.102834
https://doi.org/10.1016/j.eeh.2019.101290
https://doi.org/10.1016/S0306-9192(01)00015-7

