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ABSTRACT: The Green Revolution refers to the development of high-yielding plant varieties – especially of wheat 
and rice, that increased food supplies in the 1940s–60s and staved off widespread starvation in developing countries. 
Green revolution thinking is not unchallenged within the agricultural sciences, and assuredly not among a cadre of 
farmers committed to alternative approaches. These alternatives are diverse in both philosophy and specific technology, 
but organic agriculture is illustrative. Organic methods are also relatively uniform on a global basis due to efforts at 
harmonizing organic standards through the International Federation of Organic Agriculture Movements (IFOAM).  
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I. INTRODUCTION 
 
The Green Revolution, or the Third Agricultural Revolution, was a period of technology transfer initiatives that saw 
greatly increased crop yields.[1][2] These changes in agriculture began in developed countries in the early 20th century 
and spread globally until the late 1980s.[3] In the late 1960s, farmers began incorporating new technologies such 
as high-yielding varieties of cereals, particularly dwarf wheat and rice, and the widespread use of chemical 
fertilizers (to produce their high yields, the new seeds require far more fertilizer than traditional varieties[4]), pesticides, 
and controlled irrigation. 
 
At the same time, newer methods of cultivation, including mechanization, were adopted, often as a package of practices 
to replace traditional agricultural technology.[5] This was often in conjunction with loans conditional on policy changes 
being made by the developing nations adopting them, such as privatizing fertilizer manufacture and distribution.[4] 

 
Both the Ford Foundation and the Rockefeller Foundation were heavily involved in its initial development in 
Mexico.[6][7] A key leader was agricultural scientist Norman Borlaug, the "Father of the Green Revolution", who 
received the Nobel Peace Prize in 1970. He is credited with saving over a billion people from starvation.[8] Another 
important scientific figure was Yuan Longping, whose work on hybrid rice varieties is credited with saving at least as 
many lives.[9] Similarly, MS Swaminathan is known as the Father of Green Revolution in India. The basic approach 
was the development of high-yielding varieties of cereal grains, expansion of irrigation infrastructure, modernization of 
management techniques, distribution of hybridized seeds, synthetic fertilizers, and pesticides to farmers. As crops 
began to reach the maximum improvement possible through selective breeding, genetic modification technologies were 
developed to allow for continued efforts.[10][11] 

 
Studies show that the Green Revolution contributed to widespread eradication of poverty, averted hunger for millions, 
raised incomes, reduced greenhouse gas emissions, reduced land use for agriculture, and contributed to declines in 
infant mortality.[12][13][14][15][16] 

 
History 
Use of the term 
The term "Green Revolution" was first used by William S. Gaud, the administrator of the U.S. Agency for International 
Development (USAID), in a speech on 8 March 1968. He noted the spread of the new technologies as:[1,2,3] 
These and other developments in the field of agriculture contain the makings of a new revolution. It is not a violent Red 
Revolution like that of the Soviets, nor is it a White Revolution like that of the Shah of Iran. I call it the Green 
Revolution.[4][17] 

 
Development in Mexico 
Mexico has been called the 'birthplace' and 'burial ground' of the Green Revolution.[18] It began with great promise and 
it has been argued that "during the twentieth century two 'revolutions' transformed rural Mexico: the Mexican 
Revolution (1910–1920) and the Green Revolution (1940–1970)."[19] 

 
The genesis of the Green Revolution was a lengthy visit in 1940 by U.S. Vice President-elect Henry A. Wallace, who 
had served as U.S. Secretary of Agriculture during President Franklin Roosevelt's first two terms, and before 
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government service, had founded a company, Pioneer Hi-Bred International, that had revolutionized the hybridization 
of seed corn to greatly increase crop yields. He became appalled at the meager corn yields in Mexico, where 80 percent 
of the people lived off the land, and a Mexican farmer had to work as much as 500 hours to produce a single bushel of 
corn, about 50 times longer than the typical Iowa farmer planting hybrid seed.[20] Wallace persuaded the Rockefeller 
Foundation to fund an agricultural station in Mexico to hybridize corn and wheat for arid climates, and to lead it, he 
hired a young Iowa agronomist named Norman Borlaug.[21] 

 
The project was supported by the Mexican government under new President Manuel Ávila Camacho, and the U.S. 
government, the United Nations, and the Food and Agriculture Organization (FAO). For the U.S. government, its 
neighbor Mexico was an important experimental case in the use of technology and scientific expertise in agriculture 
that became the model for international agricultural development.[22] Mexico sought to transform agricultural 
productivity, particularly with irrigated rather than dry-land cultivation in its northwest, to solve its problem of lack of 
food self-sufficiency.[23] In the center and south of Mexico, where large-scale production faced challenges, agricultural 
production languished.[24] Increased production promised food self-sufficiency in Mexico to feed its growing and 
urbanizing population with the increase in a number of calories consumed per Mexican.[25] The science of hybridization 
was seen as a valuable way to feed the poor and would relieve some pressure of the land redistribution process.[26] In 
general, the success of "Green Revolution" depended on the use of machinery for cultivation and harvest, on large-scale 
agricultural enterprises with access to credit (often from foreign investors), government-supported infrastructure 
projects, and access to low-wage agricultural workers.[27] 

 
Within eight years of Wallace's visit, Mexico had no need to import food, for the first time since 1910; within 20 years, 
corn production had tripled, and wheat production had increased five-fold.[28] In 1943, Mexico imported half of its 
wheat requirements, however by 1956 it had become self-sufficient and it was exporting half a million tons of wheat by 
1964.[29] Within 30 years, Borlaug was awarded the Nobel Peace Prize for ultimately saving two billion people from 
starvation.[30] 

 
Mexico was the recipient of knowledge and technology of the Green Revolution, and it was an active participant with 
financial supports from the government for agriculture and Mexican agronomists. In the aftermath of the Mexican 
Revolution, the government had redistributed land to ejidatarios in some parts of the country which had broken the 
back of the hacienda system. During the presidency of Lázaro Cárdenas (1934–1940), land reform in Mexico reached 
its apex in the center and south of Mexico. Agricultural productivity had fallen significantly by the 1940s. 
 
After Borlaug's agricultural station was established, in 1941, a team of U.S. scientists, Richard Bradfield (Cornell 
University), Paul C. Mangelsdorf (Harvard University), and Elvin Charles Stakman (under whom Borlaug had studied 
at the University of Minnesota[31]) surveyed Mexican agriculture to recommend policies and practices.[32] In 1943, the 
Mexican government founded the International Maize and Wheat Improvement Center (CIMMYT), which became a 
base for international agricultural research. 
 

 
 

Locations of Norman Borlaug's research stations in the Yaqui Valley and Chapingo. 
 

Agriculture in Mexico had been a sociopolitical issue, a key factor in some regions' participation in the Mexican 
Revolution. It was also a technical issue enabled by a cohort of trained agronomists who advised ejidatarios on how to 
increase productivity.[33] In the post-World War II era, the government sought development in agriculture that bettered 
technological aspects of agriculture in regions not dominated by small-scale ejido cultivators. This drive for agricultural 
transformation brought Mexico self-sufficiency in food, and in the political sphere during the Cold War, helped stem 
unrest and the appeal of Communism.[34] 
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The Mexican government created the Mexican Agricultural Program (MAP) to be the lead organization in raising 
productivity. Mexico became the showcase for extending the Green Revolution to other areas of Latin America and 
beyond, into Africa and Asia. New breeds of maize, beans, and wheat produced bumper crops with additional inputs 
(such as fertilizer and pesticides) and careful cultivation. Many Mexican farmers who had been dubious about the 
scientists or hostile to them (often a mutual relationship of discord) came to see the scientific approach to agriculture as 
worth adopting.[35] 

 
The requirements for the full package of inputs of new strains of seeds, fertilizer, synthetic pesticides, and water were 
often not within the reach of small-scale farmers. The application of pesticides could be hazardous for farmers. Their 
use often damaged the local ecology, contaminating waterways and endangering the health of workers and 
newborns.[36] 

 
One of the participants in the Mexican experiment, Edwin J. Wellhausen, summarized the factors leading to its initial 
success. These include:[4,5,6] high yield plants without disease resistivity, adaptability, and ability to use fertilizers; 
improved use of soils, adequate fertilizers, and control of weeds and pests; and "a favorable ratio between the cost of 
fertilizers (and other investments) to the price of the produce."[37] 

 
IR8 rice and the Philippines 
In 1960 during the administration of President Carlos P. Garcia the Government of the Republic of the Philippines with 
the Ford Foundation and the Rockefeller Foundation established the International Rice Research Institute (IRRI). 
A rice crossing between Dee-Geo-woo-gen and Peta was done at IRRI in 1962. In 1966, one of the breeding lines 
became a new cultivar: IR8 rice.[38] The administration of President Ferdinand Marcos made the promotion of IR8 the 
lynchpin of the Masagana 99 program, along with a credit program.[39] The new variety required the use of fertilizers 
and pesticides but produced substantially higher yields than the traditional cultivars. Annual rice production in the 
Philippines increased from 3.7 to 7.7 million tons in two decades.[40] The switch to IR8 rice made the Philippines a rice 
exporter for the first time in the 20th century,[41] though imports still exceeded exports, according to data from the 
United Nations Food and Agriculture Organization. From 1966 to 1986, the Philippines imported around 2,679,000 
metric tons and exported only 632,000 metric tons of milled rice.[42] By 1980, however, problems with the credit 
scheme rendered the loans accessible only to rich landowners while leaving poor farmers in debt. [43] The program was 
also noted to have become a vehicle of political patronage.[44][45][46] 

 
Start in India 
In 1961, Norman Borlaug was invited to India by the adviser to the Indian Minister of Agriculture Dr. M. S. 
Swaminathan. Despite bureaucratic hurdles imposed by India's grain monopolies, the Ford Foundation and Indian 
government collaborated to import wheat seed from the International Maize and Wheat Improvement 
Center (CIMMYT). The state of Punjab was selected by the Indian government to be the first site to try the new crops 
because of its reliable water supply, the presence of Indus plains which make it one of the most fertile plains on earth, 
and a history of agricultural success. India began its own Green Revolution program of plant breeding, irrigation 
development, and financing of agrochemicals.[47] 

 
India soon adopted IR8 rice.[48] In 1968, Indian agronomist S.K. De Datta published his findings that IR8 rice yielded 
about 5 tons per hectare with no fertilizer, and almost 10 tons per hectare under optimal conditions. This was 10 times 
the yield of traditional rice.[49] IR8 was a success throughout Asia and dubbed the "Miracle Rice". IR8 was also 
developed into Semi-dwarf IR36. 
 
In the 1960s, rice yields in India were about two tons per hectare; by the mid-1990s, they had risen to 6 tons per 
hectare. In the 1970s, rice cost about $550 a ton; in 2001, it cost under $200 a ton.[50] India became one of the world's 
most successful rice producers, and is now a major rice exporter, shipping nearly 4.5 million tons in 2006. 
Green Revolution in China 
 
China's large and increasing population meant that increasing food production, principally rice, was a top priority for 
the Chinese government. When the People's Republic of China was established in 1949, the Chinese Communist Party 
made it a priority to pursue agricultural development.[51] They sought to solve China's food security issues by focusing 
on traditional crop production, biological pest control, the implementation of modern technology and science, creating 
food reserves for the population, high-yield seed varieties, multi-cropping, controlled irrigation, and protecting food 
security.[52][53][54] This began with the Agrarian Reform Law of 1950, which ended private land ownership and gave 
land back to the peasants.[53] Unlike with Mexico, the Philippines, India, or Brazil, the beginning of China's unique 
Green Revolution were unrelated to the American "Green Revolution." Rather, it was characterized by the 
government's sponsorship of agricultural research in concert with peasant knowledge and feedback, earlier international 
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research, nature-based pest control and many other non-industrial agricultural practices, in order to feed the rapidly 
growing population.[53] [55] 

 
Prominent in the development of productive hybrid rice was Yuan Longping, whose research hybridized wild strains of 
rice with existing strains. He has been dubbed "the father of hybrid rice",[56] and was considered a national hero in 
China.[57] Chinese rice production met the nation's food security needs, and today they are a leading exporter of rice. In 
recent years, however, extensive use of ground water for irrigation has drawn down aquifers and extensive use of 
fertilizers has increased greenhouse gas emissions.[58] China has not expanded the area of cultivable land, China's 
unique high yields per hectare gave China the food security it sought.[59] In 1979, there were 490 million Chinese 
people living in poverty. In 2014, there were only 82 million. Half of China's population had once been hungry and in 
poverty, but by 2014, only 6% remained so[7,8,9]  
 
 
Brazil's agricultural revolution 
Brazil's vast inland cerrado region was regarded as unfit for farming before the 1960s because the soil was too acidic 
and poor in nutrients, according to Norman Borlaug. However, from the 1960s, vast quantities of lime (pulverized 
chalk or limestone) were poured on the soil to reduce acidity. The effort went on for decades; by the late 1990s, 
between 14 million and 16 million tons of lime were being spread on Brazilian fields each year. The quantity rose to 25 
million tons in 2003 and 2004, equaling around five tons of lime per hectare. As a result, Brazil has become the world's 
second biggest soybean exporter. Soybeans are also widely used in animal feed, and the large volume of soy produced 
in Brazil has contributed to Brazil's rise to become the biggest exporter of beef and poultry in the world.[60] Several 
parallels can also be found in Argentina's boom in soybean production as well.[61] 

 
Problems in Africa 
There have been numerous attempts to introduce the successful concepts from the Mexican and Indian projects into 
Africa.[62] These programs have generally been less successful. Reasons cited include widespread corruption, 
insecurity, a lack of infrastructure, and a general lack of will on the part of the governments. Yet environmental factors, 
such as the availability of water for irrigation, the high diversity in slope and soil types in one given area are also 
reasons why the Green Revolution is not so successful in Africa.[63] 

 
A recent program in western Africa is attempting to introduce a new high yielding 'family' of rice varieties known as 
"New Rice for Africa" (NERICA). NERICA varieties yield about 30% more rice under normal conditions and can 
double yields with small amounts of fertilizer and very basic irrigation. However, the program has been beset by 
problems getting the rice into the hands of farmers, and to date the only success has been in Guinea, where it currently 
accounts for 16% of rice cultivation.[64] 

 
After a famine in 2001 and years of chronic hunger and poverty, in 2005 the small African country of Malawi launched 
the "Agricultural Input Subsidy Program" by which vouchers are given to smallholder farmers to buy subsidized 
nitrogen fertilizer and corn seeds.[65] Within its first year, the program was reported to have had extreme success, 
producing the largest corn harvest of the country's history, enough to feed the country with tons left over. The program 
has advanced yearly ever since. Various sources claim that the program has been an unusual success, hailing it as a 
"miracle".[66] Malawi experienced a 40% drop in corn production in 2015 and 2016.[67] 

 
A 2018, a randomized control trial on temporary subsidies for corn farmers in Mozambique found that adoption of 
Green Revolution technology led to increased yields in both the short- and long-term.[68] 

 
Consultative Group on International Agricultural Research 
In 1970, the year that Borlaug won the Nobel Peace Prize, foundation officials proposed a worldwide network of 
agricultural research centers under a permanent secretariat. This was further supported and developed by the World 
Bank; on 19 May 1971, the Consultative Group on International Agricultural Research (CGIAR) was established, co-
sponsored by the FAO, IFAD, and UNDP. CGIAR has added many research centers throughout the world. CGIAR has 
responded, at least in part, to criticisms of Green Revolution methodologies. This began in the 1980s, and mainly was a 
result of pressure from donor organizations.[69] Methods like agroecosystem analysis and farming system research have 
been adopted to gain a more holistic view of agriculture. 
 
Agricultural production and food security 
According to a 2012 review in Proceedings of the National Academy of Sciences of the existing academic literature, 
the Green Revolution "contributed to widespread poverty reduction, averted hunger for millions of people, and avoided 
the conversion of thousands of hectares of land into agricultural cultivation."[70] 
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Technological Developments 
The Green Revolution spread technologies that already existed but had not been widely implemented outside 
industrialized nations. Two kinds of technologies were used in the Green Revolution, on the issues of cultivation and 
breeding. The technologies in cultivation are targeted at providing excellent growing conditions, which include 
modern irrigation projects, pesticides, and synthetic nitrogen fertilizer. The breeding technologies aimed at improving 
crop varieties developed through science-based methods including hybrids, combining modern genetics with plant-
breeding trait selections[10,11,12]  
 
High-yielding varieties 
The novel technological development of the Green Revolution was the production of novel 
wheat cultivars. Agronomists bred high-yielding varieties of corn, wheat, and rice. HYVs have higher nitrogen-
absorbing potential than other varieties. Since cereals that absorbed extra nitrogen would typically lodge, or fall over 
before harvest, semi-dwarfing genes were bred into their genomes. A Japanese dwarf wheat cultivar Norin 
10 developed by Japanese agronomist Gonjiro Inazuka, which was sent to Orville Vogel at Washington State 
University by Cecil Salmon, was instrumental in developing Green Revolution wheat cultivars. In the 1960s, with a 
food crisis in Asia, the spread of high-yielding variety rice greatly increased.[72] 
Dr. Norman Borlaug, the "Father of the Green Revolution", bred rust-resistant cultivars which have strong and firm 
stems, preventing them from falling over under extreme weather at high levels of fertilization. CIMMYT (Centro 
Internacional de Mejoramiento de Maiz y Trigo – International Center for Maize and Wheat Improvements) conducted 
these breeding programs and helped spread high-yielding varieties in Mexico and countries in Asia like India 
and Pakistan. These programs led to the doubling of harvests in these countries.[71] 

 
Plant scientists figured out several parameters related to the high yield and identified the related genes which control 
the plant height and tiller number.[73] With advances in molecular genetics, the mutant genes responsible 
for Arabidopsis thaliana genes (GA 20-oxidase,[74] ga1,[75] ga1-3[76]), wheat reduced-height genes (Rht)[77] and a rice 
semidwarf gene (sd1)[78] were cloned. These were identified as gibberellin biosynthesis genes or cellular 
signaling component genes. Stem growth in the mutant background is significantly reduced leading to 
the dwarf phenotype. Photosynthetic investment in the stem is reduced dramatically as the shorter plants are inherently 
more stable mechanically. Assimilates become redirected to grain production, amplifying in particular the effect of 
chemical fertilizers on commercial yield. 
 
High-yielding varieties significantly outperform traditional varieties in the presence of adequate irrigation, pesticides, 
and fertilizers. In the absence of these inputs, traditional varieties may outperform high-yielding varieties. Therefore, 
several authors have challenged the apparent superiority of high-yielding varieties not only compared to the traditional 
varieties alone, but by contrasting the monocultural system associated with high-yielding varieties with the polycultural 
system associated with traditional ones.[79] 

 
Production increases 
 

 
 

Wheat yields in least developed countries since 1961, in kilograms per hectare. 
 

By one 2018 estimate, the Green Revolution increased yields by 44% between 1965 and 2010.[80] Cereal production 
more than doubled in developing nations between the years 1961–1985.[81] Yields of rice, corn, and wheat increased 
steadily during that period.[81] The production increases can be attributed equal to irrigation, fertilizer, and seed 
development, at least in the case of Asian rice.[81] 
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While agricultural output increased as a result of the Green Revolution, the energy input to produce a crop has 
increased faster,[82] so that the ratio of crops produced to energy input has decreased over time. Green Revolution 
techniques also heavily rely on agricultural machinery and chemical fertilizers, pesticides, herbicides, and defoliants; 
which, as of 2014, are derived from crude oil, making agriculture increasingly reliant on crude oil extraction.[83] 

 

 
 

World population 1950–2010 
 

Effects on food security 
The energy for the Green Revolution was provided by fossil fuels in the form of fertilizers (natural gas), pesticides 
(oil), and hydrocarbon fueled irrigation.[84][85] The development of synthetic nitrogen fertilizer has significantly 
supported global population growth — it has been estimated that almost half the people on the Earth are currently fed 
as a result of synthetic nitrogen fertilizer use.[86] According to ICIS Fertilizers managing editor Julia Meehan, "People 
don't realise that 50% of the world's food relies on fertilisers."[87] 

 
The world population has grown by about five billion[88] since the beginning of the Green Revolution. India saw annual 
wheat production rise from 10 million tons in the 1960s to 73 million in 2006.[89] The average person in the developing 
world consumes roughly 25% more calories per day now than before the Green Revolution.[81] Between 1950 and 1984, 
as the Green Revolution transformed agriculture around the globe, world grain production increased by 160%.[90] 
The production increases fostered by the Green Revolution are often credited with having helped to avoid[13,14,15] 
widespread famine, and for feeding billions of people.[91] 

 
Malthusian criticism 
Some criticisms generally involve some variation of the Malthusian principle of population. Such concerns often 
revolve around the idea that the Green Revolution is unsustainable,[93] and argue that humanity is now in a state 
of overpopulation or overshoot with regards to the sustainable carrying capacity and ecological demands on the Earth. 
A 2018 study found, contrary to the expectations of the Malthusian hypothesis, that the Green Revolution led to 
reduced population growth, rather than an increase in population growth.[80] 

 
Although many people die each year as a direct or indirect result of hunger and poor nutrition, Malthus's more extreme 
predictions have failed to materialize. In 1798 Thomas Malthus made his prediction of impending famine.[94] The 
world's population had doubled by 1923 and doubled again by 1973 without fulfilling Malthus's prediction. 
Malthusian Paul R. Ehrlich, in his 1968 book The Population Bomb, said that "India couldn't possibly feed two hundred 
million more people by 1980" and "Hundreds of millions of people will starve to death in spite of any crash 
programs."[94] Ehrlich's warnings failed to materialize when India became self-sustaining in cereal production in 1974 
(six years later) as a result of the introduction of Norman Borlaug's dwarf wheat varieties.[94] 

 
However, Borlaug was well aware of the implications of population growth. In his Nobel lecture he repeatedly 
presented improvements in food production within a sober understanding of the context of population. "The green 
revolution has won a temporary success in man's war against hunger and deprivation; it has given man a breathing 
space. If fully implemented, the revolution can provide sufficient food for sustenance during the next three decades. 
But the frightening power of human reproduction must also be curbed; otherwise the success of the green revolution 
will be ephemeral only. Most people still fail to comprehend the magnitude and menace of the "Population 
Monster"...Since man is potentially a rational being, however, I am confident that within the next two decades he will 
recognize the self-destructive course he steers along the road of irresponsible population growth..." 
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M. King Hubbert's prediction of world petroleum production rates (1968 peak of USA, 2005 World conventional oil 
peak, 2018 all liquides including corn to oil peak). Modern agriculture is largely reliant on petroleum energy.[95] 

 
Famine 
To some modern Western sociologists and writers, increasing food production is not synonymous with increasing food 
security, and is only part of a larger equation. For example, Harvard professor Amartya Sen wrote that large historic 
famines were not caused by decreases in food supply, but by socioeconomic dynamics and a failure of public 
action.[96] Economist Peter Bowbrick disputes Sen's theory, arguing that Sen relies on inconsistent arguments and 
contradicts available information, including sources that Sen himself cited.[97] Bowbrick further argues that Sen's views 
coincide with that of the Bengal government at the time of the Bengal famine of 1943, and the policies Sen advocates 
failed to relieve the famine.[97] 

 
Quality of diet 
Some have challenged the value of the increased food production of Green Revolution agriculture. These monoculture 
crops are often used for export, feed for animals, or conversion into biofuel. According to Emile Frison of Bioversity 
International, the Green Revolution has also led to a change in dietary habits, as fewer people are affected by hunger 
and die from starvation, but many are affected by malnutrition such as iron or vitamin-A deficiencies.[63] Frison further 
asserts that almost 60% of yearly deaths of children under age five in developing countries are related to 
malnutrition.[63] 

 
The strategies developed by the Green Revolution focused on fending off starvation and were very successful in raising 
overall yields of cereal grains, but did not give sufficient relevance to nutritional quality.[98] High yield cereal crops 
have low quality proteins, with essential amino acid deficiencies, are high in carbohydrates, and lack balanced essential 
fatty acids, vitamins, minerals and other quality factors.[98] 

 
High-yield rice, introduced since 1964 to poverty-ridden Asian countries, such as the Philippines, was found to have 
inferior flavor and be more glutinous and less savory than their native varieties, causing its price to be lower than the 
average market value.[99] 

 
In the Philippines the heavy use of pesticides in rice production, in the early part of the Green Revolution, poisoned and 
killed off fish and weedy green vegetables that traditionally coexisted in rice paddies. These were nutritious food 
sources for many poor Filipino farmers prior to the introduction of pesticides, further impacting the diets of locals.[100] 

 
Political impact 
A critic[101] of the Green Revolution, American journalist Mark Dowie argues that "the primary objective of the 
program was geopolitical: to provide food for the populace in undeveloped countries and so bring social stability and 
weaken the fomenting of communist insurgency."[102] Citing internal Foundation documents, Dowie states that the Ford 
Foundation had a greater concern than Rockefeller in this area.[103] 

 
Socioeconomic impacts 
According to a 2018 study, the Green Revolution substantially increased income.[80] A delay in the Green Revolution 
by ten years would have cost 17% of GDP per capita, whereas if the Green Revolution had never happened, it could 
have reduced GDP per capita in the developing world by half.[80] 
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Environmental impact 
 

 
 

Increased use of irrigation played a major role in the green revolution. 
 

Biodiversity 
There are varying opinions about the effect of the Green Revolution on wild biodiversity. One hypothesis speculates 
that by increasing production per unit of land area, agriculture will not need to expand into new, uncultivated areas to 
feed a growing human population.[104] However, land degradation and soil nutrients depletion have forced farmers to 
clear forested areas in order to maintain production.[105] A counter-hypothesis speculates that biodiversity was 
sacrificed because traditional systems of agriculture that were displaced sometimes incorporated practices to preserve 
wild biodiversity, and because the Green Revolution expanded agricultural development into new areas where it was 
once unprofitable or too arid. For example, the development of wheat varieties tolerant to acid soil conditions with high 
aluminium content permitted the introduction of agriculture in sensitive Brazilian ecosystems such as Cerrado semi-
humid tropical savanna and Amazon rainforest in the geoeconomic macroregions of Centro-Sul and Amazônia.[104] 

 
The world community has clearly acknowledged the negative aspects of agricultural expansion as the 1992 Rio Treaty, 
signed by 189 nations, has generated numerous national Biodiversity Action Plans which assign significant biodiversity 
loss to agriculture's expansion into new domains. 
 
The Green Revolution has been criticized for an agricultural model which relied on a few staple and market profitable 
crops, and pursuing a model which limited the biodiversity of Mexico. One of the critics against these techniques and 
the Green Revolution as a whole was Carl O. Sauer, a geography professor at the University of California, Berkeley. 
According to Sauer these techniques of plant breeding would result in negative effects on the country's resources, and 
the culture: 
A good aggressive bunch of American agronomists and plant breeders could ruin the native resources for good and all 
by pushing their American commercial stocks... And Mexican agriculture cannot be pointed toward standardization on 
a few commercial types without upsetting native economy and culture hopelessly... Unless the Americans understand 
that, they'd better keep out of this country entirely. That must be approached from an appreciation of native economies 
as being basically sound.[106] 

 
Greenhouse gas emissions 
Studies indicate that the Green Revolution has substantially increased emissions of the greenhouse gas CO2.

[107] High 
yield agriculture has dramatic effects on the amount of carbon cycling in the atmosphere. The way in which farms are 
grown, in tandem with the seasonal carbon cycling of various crops, could alter the impact carbon in the atmosphere 
has on global warming. Wheat, rice, and soybean crops account for a significant amount of the increase in carbon in the 
atmosphere over the last 50 years[16,17,18]  
 
Poorly regulated applications of nitrogen fertilizer that exceed the amount used by plants, such as broadcast 
applications of urea, result in emissions of nitrous oxide, a potent greenhouse gas, and in water pollution.[109] As the UN 
Special Rapporteur on the Right to Food, Michael Fakhri summarized in 2017, "food systems emit approximately one 
third of the world’s greenhouse gases and contribute to the alarming decline in the number of animal and plant species. 
Intensive industrial agriculture and export-oriented food policies have driven much of this damage. Ever since 
governments started adopting the Green Revolution in the 1950s, the world's food systems have been increasingly 
designed along industrial models, the idea being that, if people are able to purchase industrial inputs, then they can 
produce a large amount of food. Productivity was not measured in terms of human and environmental health, but 
exclusively in terms of commodity output and economic growth. This same system disrupted carbon, nitrogen and 
phosphorus cycles because it requires farmers to depend on fossil fuel- based machines and chemical inputs, displacing 
long-standing regenerative and integrated farming practices."[110] The IPCC's synthesis of recent findings states 
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similarly "intensive agriculture during the second half of the 20th century led to soil degradation and loss of natural 
resources and contributed to climate change."[111] They further specify, "while the Green Revolution technologies 
substantially increased the yield of few crops and allowed countries to reduce hunger, they also resulted in 
inappropriate and excessive use of agrochemicals, inefficient water use, loss of beneficial biodiversity, water and soil 
pollution and significantly reduced crop and varietal diversity." 
 
Land use 
A 2018 study found that the Green Revolution led to a reduction in land used for agriculture.[80] 
Health impact 
Studies have found that the Green Revolution substantially reduced infant mortality in the developing world. A 2019 
study of 37 developing countries found that the diffusion of modern crop varieties "reduced infant mortality by 2.4–5.3 
percentage points (from a baseline of 18%), with stronger effects for male infants and among poor 
households."[112] Another 2019 study found that high yield crop varieties reduced infant mortality in India, with 
particularly large effects for rural children, boys and low-caste children.[113] 
Consumption of pesticides and fertilizer agrochemicals associated with the Green Revolution may have adverse health 
impacts. For example, pesticides may increase the likelihood of cancer.[114] Poor farming practices including non-
compliance to usage of masks and over-usage of the chemicals compound this situation.[114] In 1989, WHO and UNEP 
estimated that there were around 1 million human pesticide poisonings annually. Some 20,000 (mostly in developing 
countries) ended in death, as a result of poor labeling, loose safety standards etc.[115] A 2014 study found that Indian 
children who were exposed to higher quantities of fertilizer agrochemicals experienced more adverse health 
impacts.[116] 
 

II. DISCUSSION 
 

Second Green Revolution 
Although the Green Revolution has been able to improve agricultural output briefly in some regions in the world, its 
yield rates have been declining, while its social and environmental costs become more clearly apparent. As a result, 
many organizations continue to invent new ways to rectify, significantly augment or replace the techniques already 
used in the Green Revolution. Frequently quoted inventions are the System of Rice Intensification,[117] marker-assisted 
selection,[118] agroecology,[119] and applying existing technologies to agricultural problems of the developing 
world.[120] It is projected that global populations by 2050 will increase by one-third and as such will require a 70% 
increase in the production of food, which can be achieved with the right policies and investments.[121] 

 
Evergreen Revolution 
The term 'Evergreen Revolution'[a] was coined by Indian agricultural scientist M. S. Swaminathan in 1990, though he 
has stated that the concept dates back to as early as 1968. It aims to represent an added dimension to the original 
concepts and practices of the green revolution, the ecological dimension.[122][123] Swaminathan has described it as 
"productivity in perpetuity without associated ecological harm".[122] The concept has evolved into a combination of 
science, economics, and sociology.[124][125] In 2002, American biologist E.O. Wilson observed that:[122] [emphasis 
added] 
 
The problem before us is how to feed billions of new mouths over the next several decades and save the rest of life at 
the same time, without being trapped in a Faustian bargain that threatens freedom and security. No one knows the exact 
solution to this dilemma. The benefit must come from an Evergreen Revolution. The aim of this new thrust is to lift 
food production well above the level obtained by the Green Revolution of the 1960s, using technology and regulatory 
policy more advanced and even safer than those now in existence[19,20]. 
 
— E.O. Wilson 
However, despite Swaminathan's prominent role in India's adoption of Green Revolution agriculture, the 'Evergreen' 
concept largely reflects the failures of the original project.[126] [127] Although a relatively lesser known term, its 
substance largely reflects the consensus positions outlined in recent IPCC and other synthetic reports.[128][51] 
Green Revolution in India[8,9,10] 
A number of people have been recognized for their efforts during India's Green Revolution. 
 M. S. Swaminathan, the main architect or the Father of the Green Revolution in India.[10] 
 Chidambaram Subramaniam, the food and agriculture minister at the time, a Bharat Ratna, has been called 

the Political Father of the Green Revolution.[11] 
 Dilbagh Singh Athwal, is called the Father of the Wheat Revolution.[12] 
 Scientists such as Atmaram Bhairav Joshi. 
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 Institutions such as Indian Agricultural Research Institute (IARI). 
 
Practices 
Wheat production 
The main development was higher-yielding varieties of wheat,[6] for developing rust resistant strains of wheat.[7] The 
introduction of high-yielding varieties (HYV) of seeds and the improved quality of fertilizers and irrigation techniques 
led to the increase in the production to make the country self-sufficient in food grains, thus improving agriculture in 
India. Also, other varieties such as Kalyan Sona and Sonalika were introduced by cross-breeding of wheat with other 
crops.[13] The methods adopted included the use of high-yielding varieties (HYVs) of seeds[14] with modern farming 
methods. 
 
The production of wheat has produced the best results in fueling the self-sufficiency of India. Along with high-yielding 
seeds and irrigation facilities, the enthusiasm of farmers mobilized the idea of an agricultural revolution. Due to the rise 
in the use of chemical pesticides and fertilizers, there was a negative effect on the soil and the land (e.g., land 
degradation). 
 
Other practices 
The other practices include high-yielding varieties (HYVs) of seeds, Irrigation infrastructure, use of pesticides, 
insecticides and herbicides, consolidation of holdings, land reforms, improved rural infrastructure, supply of 
agricultural credit, use of chemical or synthetic fertilizers, use of sprinklers or drip irrigation systems, and use of 
advanced machinery. 
 
Rationale for the Green Revolution 
The Green Revolution in India was first introduced in Punjab in late 1966-67 as part of a development program issued 
by international donor agencies and the Government of India.[15] 

 
During the British Raj, India's grain economy hinged on a unilateral relation of exploitation.[16] Consequently, when 
India gained independence, the weakened country quickly became vulnerable to frequent famines, financial 
instabilities, and low productivity. These factors formed a rationale for the implementation of the Green Revolution as a 
development strategy in India. 
 Frequent famines: In 1964–65 and 1965–66, India experienced two severe droughts which led to food shortages 

and famines among the country's growing population.[17] Modern agricultural technologies appeared to offer 
strategies to counter the frequency of famines.[18] There is debate regarding India's famines prior to independence, 
with some arguing they were intensified by British taxation and agrarian policies in the 19th and 20th 
centuries,[16] and others downplaying such impact of colonial rule.[10,11,12] 

 Lack of finance: Marginal farmers found it very difficult to get finance and credit at economical rates from the 
government and banks and hence, fell as easy prey to the money lenders. They took loans from landlords, who 
charged high rates of interest and also exploited the farmers later on to work in their fields to repay the loans (farm 
labourers).[citation needed] Proper financing was not given during the Green Revolution period, which created a lot of 
problems and sufferings for the farmers of India. The government also helped those under loans. 

 Low productivity: In the context of India's rapidly growing population, the country's traditional agricultural 
practices yielded insufficient food production. By the 1960s, this low productivity led India to experience food 
grain shortages that were more severe than those of other developing countries. Agricultural technological 
advancements offered opportunities to increase productivity.[18] 

 
Criticism 
The Green Revolution yielded great economic prosperity during its early years. In Punjab, where it was first 
introduced, the Green Revolution led to significant increases in the state's agricultural output, supporting India's overall 
economy. By 1970, Punjab was producing 70% of the country's total food grains,[19] and farmers' incomes were 
increasing by over 70%.[19] Punjab's prosperity following the Green Revolution became a model to which other states 
aspired to reach.[20] 

 
However, despite the initial prosperity experienced in Punjab, the Green Revolution was met with much controversy 
throughout India. 
 
Indian economic sovereignty (negative impact) 
Criticism of the effects of the green revolution includes the cost for many small farmers using HYV seeds, with their 
associated demands of increased irrigation systems and pesticides. A case study is found in India, where farmers are 
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buying Monsanto BT cotton seeds—were sold on the idea [18,19,20]that these seeds produced 'non-natural 
insecticides'. In reality, they still had to pay for expensive pesticides and irrigation systems, which led to increased 
borrowing to finance the change from traditional seed varieties. Many farmers had difficulty paying for the expensive 
technologies, especially if they had a bad harvest. These high costs of cultivation pushed rural farmers to take out 
loans—typically at high interest rates.[15] Over-borrowing entrapped the farmers into a cycle of debt.[15] 

 
India's liberalized economy further exacerbated the farmers' economic conditions. Indian environmentalist Vandana 
Shiva writes that this is the "second Green Revolution". The first Green Revolution, she suggests, was mostly publicly 
funded (by the Indian Government). This new Green Revolution, she says, is driven by private (and foreign) interest—
notably MNCs like Monsanto—as encouraged by Neoliberalism. Ultimately, this is leading to foreign ownership over 
most of India's farmland, undermining farmers' interests.[15] 

 
Farmers' financial issues have become especially apparent in Punjab, where its rural areas have witnessed an alarming 
rise in suicide rates.[15] Excluding the countless unreported cases, there has been estimated to be a 51.97% increase in 
the number of suicides in Punjab in 1992–93, compared to the recorded 5.11% increase in the country as a 
whole.[15] According to a 2019 Indian news report, indebtedness continues to be a grave issue affecting the people of  
Punjab today, demonstrated by the more than 900 recorded farmer committed suicide in Punjab in the last two years. [21] 

 
Environmental damage 
Excessive and inappropriate use of fertilizers and pesticides polluted waterways and killed beneficial insects and 
wildlife. It has caused over-use of soil and rapidly depleted its nutrients. The rampant irrigation practices led to 
eventual soil degradation. Groundwater practices have fallen dramatically. Further, heavy dependence on few major 
crops has led to the loss of biodiversity of farmers and the increase of stubble burning cases since 1980. These 
problems were aggravated due to the absence of training to use modern technology and vast illiteracy leading to 
excessive use of chemicals.[22] 

 
Increased regional disparities 
The green revolution spread only in irrigated and high-potential rainfed areas. The villages or regions without access to 
sufficient water were left out that widened the regional disparities between adopters and non-adopters. Since, the HYV 
seeds technically can be applied only on land with assured water supply and availability of other inputs like chemicals, 
fertilizers, etc. The application of the new technology in dry-land areas is simply ruled out. 
 
States like Punjab, Haryana, Uttar Pradesh, etc. having good irrigation and other infrastructure facilities were able to 
derive the benefits of the green revolution and achieve faster economic development while other states have recorded 
slow growth in agriculture production.[23] 

 
Alternative farming methods[12,13] 
In the years since Green Revolution was adopted, issues of sustainability have come up due to the adverse 
environmental and social impacts. To meet this challenge other alternatives to farming have emerged like small 
subsistence farms, family homesteads, New Age communes, village and community farming collectives and women's 
cooperatives with the common purpose of producing organically grown, chemical-free food. In green revolution areas 
of the country, increasing numbers of families are experimenting on their own with alternative systems of land 
management and the growing of crops. Building upon the idea of sustainable development, commercial models for 
large-scale food production have been developed by integrating traditional farming systems with appropriate energy 
efficient technology.[24] 
 

III. RESULTS 
 

The Green Revolution was an endeavour initiated by Norman Borlaug in the 1960s. He is known as the 'Father of 
Green Revolution' in world. 
It led to him winning the Nobel Peace Prize in 1970 for his work in developing High Yielding Varieties (HYVs) of 
wheat. 
In India, the Green Revolution was mainly led by M.S. Swaminathan. 
The Green Revolution resulted in a great increase in production of food grains (especially wheat and rice) due to the 
introduction into developing countries of new, high-yielding variety seeds, beginning in the mid-20th century. 
Its early dramatic successes were in Mexico and the Indian subcontinent. 
The Green Revolution, spreading over the period from 1967-68 to 1977-78, changed India’s status from a food-
deficient country to one of the world's leading agricultural nations.[16,17,18] 
Green Revolution 
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Objectives of Green Revolution 
 
Short Term: The revolution was launched to address India’s hunger crisis during the second Five Year Plan. 
Long Term: The long term objectives included overall agriculture modernization based on rural development, industrial 
development; infrastructure, raw material etc. 
Employment: To provide employment to both agricultural and industrial workers. 
Scientific Studies: Producing stronger plants which could withstand extreme climates and diseases. 
Globalization of the Agricultural World: By spreading technology to non-industrialized nations and setting up many 
corporations in major agricultural areas. 
Basic Elements of the Green Revolution[14,15,16] 
 
Expansion of Farming Areas: Although the area of land under cultivation was being increased from 1947 itself, this 
was not enough to meet the rising demand. 
The Green Revolution provided assistance in this quantitative expansion of farmlands. 
Double-cropping System: Double cropping was a primary feature of the Green Revolution. The decision was made to 
have two crop seasons per year instead of just one. 
The one-season-per-year practice was based on the fact that there is only one rainy season annually. 
Water for the second phase now came from huge irrigation projects. Dams were built and other simple irrigation 
techniques were also adopted. 
Using seeds with improved genetics: Using seeds with superior genetics was the scientific aspect of the Green 
Revolution. 
The Indian Council for Agricultural Research developed new strains of high yield variety seeds, mainly wheat and rice, 
millet and corn. 
Important Crops in the Revolution: 
Main crops were Wheat, Rice, Jowar, Bajra and Maize. 
Non-food grains were excluded from the ambit of the new strategy. 
Wheat remained the mainstay of the Green Revolution for years. 
Green Revolution in India 
Background of Green Revolution in India 
 
In 1943, India suffered from the world’s worst recorded food crisis; the Bengal Famine, which led to the death of 
approximately 4 million people in eastern India due to hunger. 
Even after independence in 1947, until 1967 the government largely concentrated on expanding the farming areas. 
But the population was growing at a much faster rate than food production. 
This called for an immediate and drastic action to increase yield. The action came in the form of the Green Revolution. 
The green revolution in India refers to a period when Indian Agriculture was converted into an industrial system due to 
the adoption of modern methods and technology such as the use of HYV seeds, tractors, irrigation facilities, pesticides 
and fertilizers. 
It was funded by the US and the Indian Government and the Ford and Rockefeller Foundation. 
The Green Revolution in India is largely the Wheat Revolution as the wheat production increased by more than three 
times between 1967-68 and 2003-04, while the overall increase in the production of cereals was only two times 
Positive Impacts of Green Revolution 
Tremendous Increase in Crop Produce: It resulted in a grain output of 131 million tonnes in the year 1978-79 and 
established India as one of the world's biggest agricultural producers. 
The crop area under high yielding varieties of wheat and rice grew considerably during the Green Revolution. 
Reduced Import of Food-Grains: India became self-sufficient in food-grains and had sufficient stock in the central pool, 
even, at times, India was in a position to export food-grains. 
The per capita net availability of food-grains has also increased.[17,18,19] 
Benefits to the Farmers: The introduction of the Green Revolution helped the farmers in raising their level of income. 
Farmers ploughed back their surplus income for improving agricultural productivity. 
The big farmers with more than 10 hectares of land were particularly benefited by this revolution by investing large 
amounts of money in various inputs like HYV seeds, fertilizers, machines, etc. It also promoted capitalist farming. 
Industrial Growth: The Revolution brought about large scale farm mechanization which created demand for different 
types of machines like tractors, harvesters, threshers, combines, diesel engines, electric motors, pumping sets, etc. 
Besides, demand for chemical fertilizers, pesticides, insecticides, weedicides, etc. also increased considerably. 
Several agricultural products were also used as raw materials in various industries known as agro based industries. 
Rural Employment[15,16,17]: There was an appreciable increase in the demand for labour force due to multiple 
cropping and use of fertilizers. 
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The Green Revolution created plenty of jobs not only for agricultural workers but also industrial workers by creating 
related facilities such as factories and hydroelectric power stations. 
Negative Impacts of Green Revolution 
Non-Food Grains Left Out : Although all food-grains including wheat, rice, jowar, bajra and maize have gained from 
the revolution, other crops such as coarse cereals, pulses and oilseeds were left out of the ambit of the revolution. 
Major commercial crops like cotton, jute, tea and sugarcane were also left almost untouched by the Green Revolution. 
Limited Coverage of HYVP: High Yielding Variety Programme (HYVP) was restricted to only five crops: Wheat, 
Rice, Jowar, Bajra and Maize. 
Therefore, non-food grains were excluded from the ambit of the new strategy. 
The HYV seeds in the non-food crops were either not developed so far or they were not good enough for farmers to 
risk their adoption. 
Regional Disparities: 
Green Revolution technology has given birth to growing disparities in economic development at interred and intra 
regional levels. 
It has so far affected only 40 percent of the total cropped area and 60 per cent is still untouched by it. 
The most affected areas are Punjab, Haryana and western Uttar Pradesh in the north and Andhra Pradesh and Tamil 
Nadu in the south. 
It has hardly touched the Eastern region, including Assam, Bihar, West Bengal and Orissa and arid and semi-arid areas 
of Western and Southern India. 
The Green Revolution affected only those areas which were already better placed from an agricultural point of view. 
Thus the problem of regional disparities has further aggravated as a result of the Green Revolution. 
Excessive Usage of Chemicals: The Green Revolution resulted in a large-scale use of pesticides and synthetic nitrogen 
fertilisers for improved irrigation projects and crop varieties. 
However, little or no efforts were made to educate farmers about the high risk associated with the intensive use of 
pesticides. 
Pesticides were sprayed on crops usually by untrained farm labourers without following instructions or precautions. 
This causes more harm than good to crops and also becomes a cause for environment and soil pollution. 
Water Consumption: The crops introduced during the green revolution were water-intensive crops. 
Most of these crops being cereals, required almost 50% of dietary water footprint. 
Canal systems were introduced, and irrigation pumps also sucked out the groundwater to supply the water-
intensive[14,15,16] crops, such as sugarcane and rice, thus depleting the groundwater levels. 
Punjab is a major wheat- and rice-cultivating area, and hence it is one of the highest water depleted regions in India. 
Impacts on Soil and Crop Production: Repeated crop cycle in order to ensure increased crop production depleted the 
soil's nutrients. 
To meet the needs of new kinds of seeds, farmers increased fertilizer usage. 
The pH level of the soil increased due to the usage of these alkaline chemicals. 
Toxic chemicals in the soil destroyed beneficial pathogens, which further led to the decline in the yield. 
Unemployment: Except in Punjab, and to some extent in Haryana, farm mechanization under the Green Revolution 
created widespread unemployment among agricultural labourers in the rural areas. 
The worst affected were the poor and the landless labourers. 
Health Hazards: The large-scale use of chemical fertilizers and pesticides such as Phosphamidon, Methomyl, Phorate, 
Triazophos and Monocrotophos resulted in resulted in a number of critical health illnesses including cancer, renal 
failure, stillborn babies and birth defects. 
Overall, the Green Revolution was a major achievement for many developing countries, specially India and gave them 
an unprecedented level of national food security. 
It represented the successful adaptation and transfer of the same scientific revolution in agriculture that the industrial 
countries had already appropriated for themselves. 
However, lesser heed was paid to factors other than ensuring food security such as environment, the poor farmers and 
their education about the know-how of such chemicals. 
As a way forward, the policymakers must target the poor more precisely to ensure that they receive greater direct 
benefits from new technologies and those technologies will also need to be more environmentally sustainable. 
Also, taking lessons from the past, it must be ensured that such initiatives include all of the beneficiaries covering all 
the regions rather than sticking to a limited field. 
Green Revolution – Krishonnati Yojana 
 
The government of India introduced the Green Revolution Krishonnati Yojana in 2005 to boost the agriculture sector. 
Government through the scheme plans to develop the agriculture and allied sector in a holistic & scientific manner to 
increase the income of farmers. 
It comprises of 11 schemes and mission under a single umbrella scheme: 
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Mission for Integrated Development of Horticulture (MIDH) 
National Food Security Mission (NFSM)[13,14,15] 
National Mission for Sustainable Agriculture (NMSA) 
Submission on Agriculture Extension (SMAE) 
Sub-Mission on Seeds and Planting Material (SMSP) 
Sub-Mission on Agricultural Mechanization (SMAM) 
Sub-Mission on Plant Protection and Plan Quarantine (SMPPQ) 
Integrated Scheme on Agriculture Census, Economics and Statistics (ISACES) 
Integrated Scheme on Agricultural Cooperation (ISAC) 
Integrated Scheme on Agricultural Marketing (ISAM) 
National e-Governance Plan in Agriculture (NeGP-A) 
The Evergreen Revolution 
 
The improvements brought out by the Green Revolution came at the cost of adverse environmental effects in areas 
subjected to intensive farming. 
However, where population pressure is high, there is no option except to produce more food. 
Hence, the need for the Evergreen Revolution was called out by Dr. M S Swaminathan, the Father of the Green 
Revolution in India. 
Under the Evergreen Revolution, it is envisaged that productivity must increase, but in ways which are environmentally 
safe, economically viable and socially sustainable. 
The evergreen revolution involves the integration of ecological principles in technology development and 
dissemination. 
 

IV. CONCLUSION 
 

The emerging Digital Revolution provides new opportunities for smarter use of agricultural resources. Remote sensing 
and spatial mapping technologies allow for better targeting and monitoring of agricultural investments. Cell phones and 
other information and communication technologies can contribute to smarter application of water, fertilizers, and other 
inputs. The adaptation of precision agriculture techniques for developing country smallholder agriculture conditions 
could have significant global public good benefits.[20] 
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