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ABSTRACT- In India, Green Revolution (GR)
commenced in 1960s with introduction of high-yielding
rice & wheat cultivars to boost food production & alleviate
hunger & poverty. Due to government measures, wheat &
rice output quadrupled after Green Revolution, while
production of or food crops such as indigenous rice types
& millets decreased. This resulted in elimination of
different indigenous crops that had previously been
cultivated. This paper discusses several agricultural
techniques used at time of green revolution. This paper also
discusses several techniques for flora transformation.
Additionally impact of GR in several different areas has
been discussed in this paper. Several or important concepts
have also been covered. This paper looks at effects of GR
on indigenous crop production, as well as its effects on
society, environment, nutrition, & food availability per
capita, as well as methods that can be used to bring
indigenous crops back into cultivation & pass on
knowledge to future generations.
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I. INTRODUCTION

GR was a series of research, growth, & technology transfer

programmes in Mexico that expanded industrialised
agronomy output in numerous developing countries
between 1943 & late 1970s [1]. Development of high-
yielding cereal crops, construction of irrigation
infrastructure, & distribution of hybridised seeds, syntic
fertilisers, & pesticides to farmers were all part of
programmes. Former USAID director William Gaud
coined term "green revolution™ in 1968. objective of GR
was to improve efficiency of agricultural operations in
order to enhance crop yield & assist emerging countries
meet demands of ir increasing populations [2].

GR began in 1944, when Rockefeller Foundation founded
an institute to boost agricultural output in Mexico. Mexico
transitioned from importing 50% of its wheat to self-
sufficiency by 1956, with half a million tonnes of wheat
exported by 1964 [3]. Cereal yields have risen to point that
agronomy could now exceed populace expansion - per
capita productivity had risen each year since 1950. Some
regard hereditary engineering in farming as a natural
progression  of Green Revolution, enabling for
development of genetically altered foods [4].

Rice, millets, sorghum, wheat, maize, & barley were major
crops cultivated prior to GR& production of rice & millets
was higher than combined production of wheat, barley, &

maize [4]. However, millet production has decreased, &
crops that were once consumed by every household have
become a fodder crop in decades since Green Revolution.
Furthermore, many paddy rice variants used prior to GR
have perished, & majority of native rice variants accessible
has reduced to 7000, with not all of them being produced.
As consequence, during 1970s, India lost about 1 lakh
traditional rice variants that had evolved over hundreds of
years [6]. This biodiversity loss is primarily due to
government's emphasis on monotony & production of
subsidize high-yielding exotic crops [7].

Government's initiatives improved rice, wheat, lentils, & or
crop output, resulting in food self-sufficiency in country.
However, it obliterated gene pool's diversity. Usage of
fertilisers, insecticides, & groundwater resources enhanced
crop's yield [8]. Mismanagement & misuse of chemical
fertilisers, pesticides, & lack of crop rotation, on or hand,
led soil to become infertile, & groundwater loss became
widespread in agricultural regions. se consequences made
farmers' lives even more difficult, since y had to spend
more money on crop production to compensate for se flaws
[9].

A. Agricultural Techniques

Techniques refined & developed by GR are, roughly:

e Extensive use of chemical fertilizers - In order to
develop, all flora s need on a few fundamental
chemicals. Firstis requirement for nitrogen. Flora s can
only take nitrogen when it is in nitrate form [10].

e lrrigation: GR advanced irrigation techniques to make
irrigation more efficient.

e Heavy machinery use - Mechanized cultivators &
equipment just weren't novel to farming ( McCormick
reaper was created in eighteenth century), but GR
enabled a marked decline in human labour value by
expanding use of technology to automating every
feasible agronomic operation [11].

e Pesticides & herbicides -  invention of chemical
pesticides & herbicides (particularly organochlorine &
organophosphate chemicals) enabled even greater
agricultural production advances by permitting for
efficient weed management (through herbicide
application early in growing season) & insect pest
elimination [12].

1) Techniques for flora transformation
e Recombinant DNA

Biological vectors such as plasmids & viruses are used in
recombinant DNA methods to transport extraneous genes
in cells. Plasmids are tiny rounded bits of hereditary
material that may transcend boundaries of species & are
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present in bacteria. It is possible to break rings & introduce
fresh hereditary material to m. Plasmids containing
additional hereditary material can penetrate microbial cell
borders & deposit new hereditary material alongside
bacterium’s own DNA. Bacteria would frequently pick up
gene & initiate producing protein for which it codes.
Viruses can be used as hereditary engineering vectors. In
process of infecting a recipient cell, virus might convey
new gene [13].

B. Agrobacterium-mediated gene transfer

It is gram-negative bacterium found in soil. Crown gall
disease, economically significant illness of numerous
florae, is caused by this agent (chiefly walnuts, grapes,
apples & roses). capacity of Agrobacterium species for
transmission of bacteriological genes in herb genome
determines ir potential to produce disease, such as crown
galls (tumorous tissue development) [14].

C. Direct gene transfer methods

Phrase "direct gene transfer" (or "direct transfer") is used
to differentiate among Agrobacterium-based (indirect) &
non-Agrobacterium-based  (direct) flora conversion
methodologies (direct methods). All direct gene transfer
methods rely on delivering gigantic amount of bare DNA
to flora cell when it’s temporarily permeable. One among
primary drawbacks of shortest gene transfer techniques is
y are more likely to cause transgenic rearrangement. Or,
less reproducible techniques for analysing transient gene
expression have included laser-mediated DNA uptake,
microinjection, ultrasound, & in flora a exogenous
administration [15].

D. Particle bombardment

It is most common & successful method of direct gene
transmission in use today. DNA that will be utilised to alter
flora tissue is coated on tungsten or gold particles in this
approach. DNA is released within cell & can assimilate
into genome once particles are pushed at higher speeds in
target flora material. Transient gene expressions have been
enabled by transfer of DNA utilising this technique (which
do not depend on integration of transgene into flora
genome) [16]. Flora material, tissue culture regime, &
transformation conditions must all be meticulously
adjusted in order to create transgenic flora s. First practical
bombardment devices, which employed an explosive
charge to drive DNA-coated tungsten particles, were
created in 1987. Key to cereal revolution was this
technology. All of major cereals could be changed, &
technique was used to create first marketable GM harvests,
like maize harbouring Bt-toxin gene [17].

E. Impacts of Green Revolution

1) Food Security

Since commencing of Green Revolution, world's populace
has amplified by roughly four billion people, & numerous
think that re would have more hunger & malnutrition if
Rebellion did not occur [18]. Annual wheat output in India
enlarged from 10 million tonnes in 1960s to 73 million
tonnes in 2006. In developing world, typical distinct today
eats about 25% more calories per day than before Green
Revolution. Between 1950 & 1984, GR revolutionised
agronomy throughout world, which resulted in 250 percent
rise in global grain output. Green Revolution's increased

output is generally attributed with preventing global
starvation & nourishing billions of people [19].

2) Quality of diet

Traditional agronomy generally includes polycultures, but
GR agronomy generates monocultures of cereal grains.
These harvests are frequently utilised for exporting, animal
feed, or biofuel transformation [20]. According to Emile
Frison of Biodiversity International, GR has resulted in a
shift in eating patterns, with fewer people suffering from
hunger & dying from famine, but many more suffering
from malnutrition, such as iron or vitamin-A deficiency.
Frison furr claims that malnutrition is responsible for over
60% of all fatalities of children under age of five in poor
nations [21].

3) Ecological & societal impacts

Windbreaks & tree cover used to protect Indian farms,
which were tiny parcels of | for ages, peasants have used
organic husbandry, crop rotation, & leaving areas vacant
for extended periods of time to enable soil to retain
nutrients. These strategies lowered land demand while
preserving soil equilibrium. Though high-yielding single
gene crops were produced as part of Green Revolution,
fundamental problem with aboriginal seeds was their
inability to handle chemical fertilisers. New cultivars, on or
hand, have been developed to provide better yields when
combined with use of chemical fertilisers & intensive
irrigation [24, 28]. Chemical fertilisers were employed in
large quantities after Green Revolution. Chemical fertiliser
usage, in order to increase yield, promotes physical &
chemical deterioration of soil by changing native
microflora & increasing alkalinity & salinity [30]. In
several regions of nation, over use of groundwater for
agronomy has reduced water table.

GR had following important ecological & societal
consequences: (1) extinction of our country's indigenous
landraces, (2) depletion of soil nutrients, rendering it
unproductive, (3) excessive use of pesticides, which
increases presence of pesticide residues in foods &
environment [24, 32-34], (4) farmers' shift to
unsustainable practises in order to increase yield, (5)
increased rates of farmer suicide, & (6) inability to withst
& rising farming costs, & (7) unable to withstand food
inflation & economic crisis farmers left farming resorting
to or occupation.

4) Impact on cultivation of food grains

Area under cultivation rose from 97.32 million hectares in
1950 to 126.04 million hectares in 2014 during GR [1].
Since 1950s, area under coarse cereal production has fallen
dramatically, from 37.67 million hectares to 25.67 million
hectares. Sorghum cultivation area fell from 15.57 million
hectares to 5.82 million hectares, & pearl millet cultivation
area fell from 9.02 million hectares to 7.89 million hectares
[1]. However, area under rice, wheat, maize, & pulses
cultivation increased from 30.81 million to 43.95 million
hectares, 9.75 million to 31.19 million hectares, 3.18
million to 9.43 million hectares, & 19.09 million to 25.23
million hectares, respectively [1]. availability &
consumption of food grains in rural & urban families were
impacted by changes in food grain production [22].
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5) Impact on availability & consumption of food grains

Net availability of food grains per capita has grown
throughout time. Rice availability per capita grew from
58.0 kg per year in 1951 to 69.3 kg per year in 2017. Rice
availability per capita reached an all-time high in 1961.
Wheat net availability per capita grew from 24.0 kg per
year in 1951 to 70.1 kg per year in 2017. Or cereal grains,
such as millets & pulses, have, on or h&, shown a reduction
in per capita net availability over time. This resulted in a
shift in eating patterns throughout time, with emphasis
shifting from minor grains & pulses to major cereals, rice
& wheat.

6) Impact on nutrition

Protein, vitamins, & minerals abound in millets. Millets
include important amino acids such as histidine, isoleucine,
leucine, methionine, phenylalanine, tryptophan, & valine,
however lysine & threonine are missing. Y’re also high in
sulphur-containing methionine & cysteine. Millets are also
abundant in nutritional elements including phosphorus,
calcium, iron, & zinc, notably finger millet, which has nine
to ten times more calcium than or millets.

Riboflavin, thiamine, niacin, calcium, phosphorus, iron, &
zinc are all higher in rough rice than in milled (polished)
rice (Table 2). Nutrients in milled rice are lost during
polishing, & nutritional level varies depending on degree
of polishing. Brown rice is little processed, so minerals like
thiamine, niacin, riboflavin, calcium, phosphorus, & iron
are retained. Among grains, barnyard millet contains
largest proportion of crude fibre. Additionally, colourful
rice types such as red rice & black rice are high in protein
& fat.

Among all deficiency diseases, anaemia caused by iron
deficiency is most severe. According to Indian Council of
Medical Research (ICMR), anaemia caused by iron
deficiency can affect cognitive & motor development as
well as physical performance. It can also affect immune
system (resistance to infections), reproductive health
(premature birth, low birth weight, & perinatal mortality),
& affect cognitive & motor development. Malnutrition &
micronutrient insufficiency in India, particularly among
women, children, & adolescents, require prompt attention,
according to Indian National Science Academy (INSA).

F. Indigenous crops

Native variants are popular & culturally recognised. Native
American tribes consume black chestnut, brown rice,
pecans, palm berries, zucchini, succotash, sofkee, &
burritos, whereas Japanese consume Kyo-no-dento-yasai,
ishiru, yamato persimmon, & katsura-uri, & Koreans
consume kolo, kita, dabo, beso, genfo, & chuko.
Indigenous foodstuffs & cereal-based items that were
historically a component of typical Indian cuisine are being
forgotten over time as a result of post-Green Revolution
emphasis on mono-cropping. Millets, wheat, barley, &
maize are among India’s indigenous crops, which include
colourful rice, fragrant rice, & rapeutic rice types, as well
as millets, wheat, barley, & maize. Drought, salinity, &
flood resistance are all present in indigenous rice & millet
types. Eastern India's Dharical, Dular, & Tilak Kacheri, for
example, may adapt to a variety of topography, climate, &
soil conditions [54]. As globe prepares a "redux" version of
GR with more integrated environmental & social effect
mixed with strategic insights, lessons learnt & strategic

insights are examined. Development of agronomy&
economy GR2.0 policy directions that will aid in spread &
long-term adoption. Re are a number of productivity-
enhancing technologies that have been identified.

Old-fashioned rice cultivators are more nutritionally dense
than hybrid rice variants [55]. These are abundant in fibre
& include minerals & vitamins like as niacin, thiamine,
iron, riboflavin, vitamin D, & calcium. Se cultivars also
have a number of health advantages, including lowering
risk of type 2 diabetes, obesity, & cardiovascular disease
through lowering glycaemic & insulin responses.

G. Advantages

Advantages of types of crops over presented HY'Vs include

following:

e planting of wild edible plants can start making
agronomy more biologically vibrant & sustainable;

e Utilization of indigenous foods grown in United States
can help to minimise carbon footprints & imports.

e native products are well adapted to land& climate
conditions

e Utilization of local food contributes to food
diversification, & micronutrient augmentation of diet
gives health advantages owing to relationships among
genetic inheritance & dietary nutrients.

H. Challenges

However, re may be a few obstacles to resurrecting natural

vegetation that might include:

e growers' eagerness to propagate indigenous kinds

o finding landowners with conventional crop farming
expertise

e engaged & motivated large-scale farmers to plant
indigenous crops

e raising customer & stakeholder knowledge of
ecological & health advantages of indigenous variety

e government aid to peasants for large & small
agricultural propagation

e Establishment of mechanisation suited for preparing
indigenous crops, because present machines are built
for HYVs, & using same procedures for preparing
indigenous crops may result in micronutrient &
phytochemical loss.

Il. LITERATURE REVIEW

Ayesha Ameen et al. discussed GR in which y explained
how GR was a series of research, development, &
technology transfer programmes in Mexico that expanded
industrialised agronomy output in numerous developing
countries between 1943 & late 1970s. Development of
high-yielding cereal crops, construction of irrigation
infrastructure, & distribution of hybridised seeds, syntic
fertilisers, & pesticides to farmers were all part of
programmes. Former USAID director William Gaud
coined term "green revolution” in 1968. objective of GR
was to improve efficiency of agricultural operations in
order to enhance crop yield & assist emerging countries
meet demands of ir increasing populations [23].

Prabhu L. Pingali discussed Impacts & limits of GR in
which he explained how GR is examined in depth,
including its accomplishments & limitations in terms of
agricultural productivity increase, as well as its larger
social, environmental, & economic effect. As globe
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prepares a "redux" version of GR with more integrated
environmental & social effect mixed with strategic
insights, lessons learnt & strategic insights are
examined. Development of agronomy& economy GR2.0
policy directions that will aid in spread & long-term
adoption. re are a number of productivity-enhancing
technologies that have been identified [24].

R.E. Evenson et al. discussed GR in which y explained how
Flora breeding as we know it today began in late 1800s,
using selection & crossing techniques. Success of this
technology encouraged development of crop improvement
programmes in virtually all developed country agro
ecological zones during first decades of twentieth century.
Using farmer-selected varieties (usually referred to as
landraces) as core germplasm stocks, se initiatives were
able to create a significant number of improved varieties.
During this time, several crop development projects made
use of elite germplasm imported from or places [25].

I11. DISCUSSION

This paper solely focuses on several aspects of Green
revolution. GR was series of research, development, &
technology transfer programmes in Mexico that expanded
industrialised agronomy output in numerous developing
countries between 1943 & late 1970s. Development of
high-yielding cereal crops, construction of irrigation
infrastructure, & distribution of hybridised seeds, syntic
fertilisers, & pesticides to farmers were all part of
programmes. Former USAID director William Gaud
coined term "green revolution" in 1968. Green
Revolution's objective was to improve efficiency of
agricultural operations so that crop yield could be improved
& developing countries might benefit. This paper discusses
several agricultural techniques used at time of green
revolution. This paper also discusses several techniques for
flora transformation. Additionally impact of GR in several
different areas has been discussed in this paper. Several or
important concepts have also been covered.

IV. CONCLUSION

Stakeholders may undertake measures described above to
revitalise aboriginal crops, & it is critical that food security
also ensures nutrient management security. As a result,
participants should undertake adequate planning &
extensive collaborative research effort for preservation of
cultivated varieties, as well as integration of such varieties
& practises into national food & nutrition security
strategies due to their nutritional advantages. Agronomy in
developing countries faces an intensifying number of
challenges, such as meeting needs for nutrition diversity
caused by rapidly wage inflation, trying to feed urbanised
populations, acquiring access to confidential technology, &
getting ready for predicted adverse effects of climate
change. Even as it grapples with new problems, food
policymaking community remains preoccupied with
continuation of hunger & poverty in low-income nations,
notably in Sub-Saharan Africa & developing economies'
laggard areas.
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