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From the Director's Desk

The Food and Agriculture Organisation (FAO) of United Nations (UN) celebrates 16th
October as World Food Day to draw attention to “better production, better
nutrition, better environment and a better life”. The population projection indicates
that we have to feed 9.1 billion people by 2050, hence food and nutrition
availability needs to be paced up while combating climate shocks. India will
surpass China's population by 2023, reaching 1.43 billion by 2023 and 1.59 billion by
2050. With expanding population and higher income level, food demand has
witnessed rapid increase, which has serious environmental consequences. Food
systems are responsible for 70% of freshwater usage and 29% of Greenhouse Gas
(GHG) emissions.
Sustainable Development Goals (SDGs) of 2030 by UN include eradicating hunger,
agricultural sustainability, augmenting productivity of small-scale producers, increasing public investment in
agriculture, among others. Around 35% of world's food is produced by small farmers comprising landholding of
less than 2 hectares. India is home to 93 million farmers and among them 86% are small holders facing
challenges of land fragmentation, market volatility, technology adoption and climate risk vulnerabilities.
Hence, sustainable agricultural growth and food and nutritional security depend on the performance of the
small farmers in the country.
In addition to this, climate change exacerbates global challenge of food insecurity. According to FAO,
“sustainable development cannot be achieved without eradicating hunger and malnutrition which are
explicitly linked with natural resource management and poverty situations”. Globally 828 million people were
chronically undernourished in 2021, even though we have enough food to feed the world! Climate change
further fuels global hunger by increasing events of crop loss due to natural calamities. Global emissions due to
agriculture in 2018 reached 9.3 billion tonnes of CO2 equivalent (CO2eq).
Against this backdrop, the sixth issue of ICRIER's Agriculture Policy, Sustainability and Innovation (APSI) quarterly
publication, Agri-Food Trends and Analytics Bulletin (AF-TAB), ponders upon the transformation of Indian
agriculture and the conundrum of food and nutritional security and environmental challenges. Since 1950s,
India witnessed growth of the agriculture sector by public investment expansion and subsidies, which led to
sixfold rise in rice and 17 times increase in wheat. However, it has taken a toll on our natural resources. Hence,
pathway of agriculture development requires integration of food and nutritional security and environmental
sustainability by raising investment in agriculture Research and Development (R&D) and climate smart
technologies.
I hope the readers nd the articles in this edition of AF-TAB informative and insightful.

Deepak Mishra
Director & Chief Executive
ICRIER
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From the Chief Editor’s Desk
On August 15, 2022, India marked 75 years of independence where
agriculture has been the mainstay of the economy. The country emerged
from a food decit country to a food surplus nation and is one of the
leading agricultural exporters in the world. India is now the largest
producer of milk, cotton, and pulses in the world and ranks second in
producing rice, wheat, fruits, and vegetables and third in eggs production
in the world. In the keynote address on the eve of the 76th Independence
Day of India, Hon'ble Prime Minister highlighted the importance of
scientic innovation, as one of the four pillars of inspirational clarion call:
“Jai Jawan, Jai Kisan, Jai Vigyan and Jai Anusandhaan” for the course of
development of the country.
With about 18.3% share of total GVA, agriculture was the source of livelihood for 45.6% of the
workforce in 2019-20. Decline in landholding size, low yield growth, monsoon dependence,
fragmented value-chains have remained challenges for the sector. In this context, this AF-TAB issue
has documented three pillars of agriculture development: food availability, nutritional security
and environmental sustainability highlighting the role of technological investment. The rst article
addresses agriculture development in India in comparison to other emerging economies. Findings
show that agricultural productivity (labour and land) in India is lower than in other giant
developing countries such as Brazil and China. These countries witnessed “leap-frog” growth in
agriculture productivity by boosting Total Factor Productivity, providing lesson for India to raise
investment in agricultural research for sustainable agricultural growth. Even though we attained
self-sufciency in food availability, nutritional security is a challenge for us. The second piece
focuses on the challenge of malnutrition in India; even though the country progressed in overall
child malnutrition gure over the years; no change in the share of wasted children in last 15 years
pose a critical concern for the policymakers.
The growth in India's agriculture also came at a cost of environmental degradation. Being the
leading water user for agriculture, depletion of groundwater tables, degraded soils and emissions,
and subsequent air pollution from crop residue burning, the growth is not sustainable. The third and
fourth pieces try to address these concerns. We rst look at the performance of India with countries
like China, USA, and Brazil to see where we stand. The ndings tell us that, overall, India's agricultural
production is inefcient with respect to resource use. A corrective course of action for inefcient
resource use should begin by encouraging precision agriculture. This will not only help in
environmental sustainability for agriculture but also help tackle the climate vagaries and our
dependence on monsoons as highlighted in the fourth article. Hence, the path of agriculture
transformation has to secure nutritional security with sustainable food systems.
I hope these articles are helpful for policymakers, scientists, and interested readers to envision India
achieving a sustainable food system on the way to Amrit Kaal.
Ashok Gulati
Distinguished Professor
ICRIER
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India among Emerging Economies:
Where do We Stand and Challenges Ahead
Raya Das, Shyma Jose and Ashok Gulati

The development strategies and slew of reforms
that India took after independence, make it quite
different from other emerging economies. This
paper traces India's development pathway
including structural transformation and agriculture
development process in comparison to major
emerging economies.
In the years following independence, India was
faced with low economic (4.0% per annum
average) and agricultural growth (3.1%) during
1950-51 to 1960-61 (MOSPI, 2022). The 'ship to mouth'
situation made the country rely heavily on food
imports under PL 480 of the United States, posing
threat to India's overall economic development.
India adopted the New Agriculture Strategy (NAS),
ushering in the Green Revolution (GR) which was
pivotal in transforming the country from being a net
importer of food to a net exporter within a decade
by the end of 1970s. Albeit, food production
increased from 74.23 Million Metric Tonnes (MMT) to
315.72 MMT between 1966-67 and 2021-22, it needs
to pace up with rapidly growing population as India
will surpass China's population by 2023, reaching
1.59 billion by 2050 (UN World Population Prospect,
2022).1
China, Israel, and Sri Lanka, also started their journey
as newborn nations around the late 1940s. China's
economic reforms focusing on agriculture
(discussed in the later section) were initiated in 1978,
way ahead of India's adoption of neo-liberal
policies in 1991. China overtook India in terms of
GDP per capita, (PPP, constant 2017 international
$), increasing from US$ 1,534.71 to US$ 17,602.7
between 1991-2021 whereas India's per capita
income rose from US$ 1,795.30 to US$ 6,675.35
(World Bank, 2022). Subsequently, China was able
to alleviate extreme poverty (measured at $2.15 a
day, 2017 PPP) from 62.7% to 0.1% between 1993-

1

Structural Transformation and Agriculture
Development
Substantial differences exist across these countries
in the pace of structural transformation which has
several distinct processes including declining share
of agriculture in GVA and employment, rising labour
productivity, and diversification of output to highvalue commodities (Lele et al., 2018; McMillan and
Rodrik, 2011). While the share of agriculture in GVA
declined to 18.3% in 20202, 45.6% of the workforce is
dependent on agriculture as a source of livelihood
in 2019-20. In contrast, the share of employment in
agriculture in China is at 25.3% and the share of the
sector in GVA is at 7.7%. Brazil has only 9.1%
workforce in agriculture, while share of the sector in
GVA is 5.9% (Figure 1). In fact, this large gap
between the share of agriculture in GVA and in the
total workforce in India explains low productivity
employment in agriculture and low per capita
income. Also, the share of small farmers (less than 2
ha.) increased from 70% in 1970 to 86% in 2015.
Impetus of structural transformation also requires a
shift of surplus labour from agriculture to the nonfarm sector, by improving human capital and
creating non-farm opportunities. Even though India
has made progress on several human development
indicators since the independence period, India's
rank was 132 out of 191 countries in terms of Human
Development Index (HDI)3 2021 which is below Sri
Lanka (73), China (79), Brazil (87), Indonesia (114),
and Bangladesh (129). The differences are
particularly distinct in terms of per capita income
and human capital formation which further
corroborates low labour productivity and slow
agricultural transformation in India.

Based on population projection of no change variant (constant-fertility and constant-mortality).
However, within agriculture the share of livestock has increased from 25% to 34% in the last decade (2011-20).
Human Development Index (HDI) is constructed using three dimensions - longevity, education and income per capita.

2
3

2019 whereas India's extreme poverty headcount
plummeted from 47.6% to 10.01% during the same
period (World Bank, 2022).
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Figure 1: Share of Agriculture in GVA (2020) and Employment in Agriculture (2019).
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The agricultural transformation pathway has been
distinct across India and China, primarily due to
differences in land relations and control of the state
in agriculture development. China witnessed
phases of land reform during 1949-53 followed by
the period of collectivization of land (1953-78). Since
1978, China implemented substantial economic
reforms which broke away from the commune
system and led to the phasing of agri-markets from
myriads' controls and the liberalisation of prices
(Gulati, 2022). Lately, the Rural Revitalization
Scheme has been implemented in China in 2017 to
benefit environment and people through the
modernisation of agriculture and socio-economic
development of rural areas.
In due course, India and China whose agricultural
sector accounted for US$ 83.91 billion and US$ 98
billion (at US$ 2015 constant prices) respectively in
1960; from that China attained US$ 1.17 trillion
agriculture value-added while India stood at US$
445.28 billion in 2021 (World Development
Indicators, 2021)4. The annual average growth of
agriculture GVA between 1961-2021 for China,
Brazil, and India have been 4.2%, 3.6%, and 2.9% per

4

annum respectively. The unprecedented
agricultural growth in China since 1978 was due to
productivity improvement (Zhao & Tang, 2018)
whereas India's GR led growth of the 1970s in
agriculture got stagnated after the 1990s due to the
lack of public investment in technological change
and infrastructure.
Although China has a small farm economy, with an
average operated holding size of 0.90 hectares,
lower than the figure of India at 1.08 hectares, land
productivity varies significantly across both
countries. For instance, cereal yield in India (3.3
tonnes/ha) is almost half of that in China (6.3
tonnes/ha) and is even lower than that of Brazil (5.3
tonnes/ha), Indonesia (5.3 tonnes/ha), Bangladesh
(4.9 tonnes/ha) (Table 1). Furthermore, with
technological development and intense use of
small farm-friendly machinery, China was able to
increase labour productivity in agriculture
(measured as the value added per labour) from US$
955 in 1991 to US$ 5609 per capita in 2019 whereas in
India the value rose from US$ 864 to US$ 2075 per
annum.

In PPP international $, GVA agriculture and allied sector in China and India is US$ 1.74 trillion and US$ 0.91 trillion, respectively in 2021.
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Table 1: Agriculture Development across Countries
Value added per worker in agriculture
and allied sector in 2019 (at 2015
constant prices US$)#

Farm-size in
hectares*

Countries

Land Productivity
(Cereal Yield
tonnes/ha) in 2020

Brazil

64.47

9,992 (17,267)

5.3

China

0.90

5,609 (9,206)

6.3

India

1.08

2,075 (6,935)

3.3

Bangladesh

0.35

1,284 (3,463)

4.9

Indonesia

0.79

3,600 (10,717)

5.3

Source: Agriculture census data from diﬀerent countries (Lowder et al., 2016), FAOSTAT (2020), Na onal Bureau of Sta s cs China.
*Latest ﬁgure available. #Figure in parentheses are in PPP interna onal $.

Investment in Agricultural Research
Though India has achieved significant increase in
Total Factor Productivity (TFP) over the years, the
rate has remained lower compared to Brazil, China
and Indonesia, but higher than Bangladesh (Figure
2). Since 2000, Brazil even outpaced China in the TFP
growth and the gap has considerably widened
over the last five years (Figure 2). Open agriculture
trade policy, export promotion, and expansion of
agriculture research by the Brazilian Agricultural
Research Cooperation (Embrapa) have led to
massive agriculture TFP growth in the country.

Additionally, TFP growth rate in Indonesia has
surpassed China since 2016, primarily due to an
increase in public investment in rural infrastructure
and female education. Agriculture TFP growth also
impacts different levels of structural transformation.
One of the major factors of low TFP is the lack of
expenditure on agricultural research and
development (R&D) technology. The allocation for
agri-R&D in India is a meagre Rs. 8,514 crore in last
two FY 2022-23 and 2021-22 against an actual
expenditure of Rs. 7,553 crore in FY 2020-21.

Figure 2: Agriculture Total Factor Productivity Index (1961=100)
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Source: USDA (2022). Accessed on 22nd September, 2022.
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investment in agriculture research with an ARI value
of 0.5% as of 2008. In India, GR period ushered
expansion of agriculture research under the apex
organization of Indian Council for Agricultural
Research (ICAR) and state universities.
Notwithstanding, the country achieved production
growth, the public spending on agriculture research
as a share of AGDP is even lower compared to the
neighbouring country Bangladesh. Incidentally, the
ARI of India remained stagnant at 0.3% between
2000-2014 at constant 2011 US$ (ASTI, 2019).

Figure 3: Agricultural Research Intensity, 2000-2016
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Brazil has achieved remarkable agricultural
productivity growth by investing in R&D
technologies. Agriculture research intensity (ARI) of
Brazil, measured by the share of agriculture R&D
expenditure as percentage of total agriculture GDP
(AGDP), is 2% in 2013. The share is way above the
other developing countries and seven times higher
than the ARI figure of India. Overall growth of
agricultural research spending rose by 46% during
2006-13 by the expansion of Embrapa and other
institutions in Brazil. China also overcame the
stagnant growth of the 1990s by increasing public

Source: ASTI's Na onal Agricultural Expenditure Data, World Development Indicators.
Notes: Data are given for available years, Total agricultural R&D spending (excl. private for-proﬁt sector) includes salaries, opera ng and program costs, as well as capital
investments for all government, non-proﬁt and higher educa on agencies involved in agricultural research in the country and exlcudes state-level expenditures.

Way forward
The study shows that agricultural productivity
(labour and land) in India is still lower than other
developing countries such as Brazil and China
which have witnessed “leap-frog” growth in
agriculture productivity. For pacing up
technological change in agricultural
transformation requires institutional reform to attain
long-term sustainable growth. India's marginal
returns in terms of agri-growth from expenditures on
agri-R&D is almost five to 10 times higher than
through subsidies (Gulati, 2021). The need of the
hour is to augment yield growth of crops and
generate non-farm opportunities to increase labour
productivity in agriculture sector.

The structural changes in Brazilian agriculture since
1995 were the outcome of increasing investment in
agriculture research. Like Brazil, India is also
diversifying toward high-value commodities, but
the diversification of export basket by high-value
horticulture crops requires major investments in biotechnologies, processing and storage facilities
along with block-chain technologies for efficient
value chains.
Even though farm mechanisation has been a major
component of agriculture development in India,
cultivation remained labour intensive resulting in low
TFP in the sector. Technology change should
address both climate change challenges and be
viable for small-scale farming like mechanical rice
transplanting machines, small and walking
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agriculture tractors as in China, increasing
investments in ICT tools and precision agricultural
techniques by strengthening custom-hiring institutes
and extension services through public-private
partnerships. For instance, Bayer has introduced
'Better Life Farming', an agri-entrepreneurship
model, in partnership with other private players to
provide knowledge of good agricultural practices
and access to the latest technologies, thereby
providing avenues for increasing farm income. The
moot question is: Can India reorient agriculture
policy strategies like China and Brazil towards
technological change to become a developed
nation by 2047?
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Malnutrition Challenge:
Some Progress but More is Needed
Ranjana Roy and Ashok Gulati

India has come a long way since independence in
terms of reduction in poverty and malnutrition. The
country was born in hunger with the challenge to
feed 347 million people, while the grain production
at that time was just 45 Million Mertric Tonnes (MMT).
The agriculture sector has transformed since then
with food grain availability increasing from 144 kg
per capita in 1951 to 185 kg per capita in
2021(Agricultural Statistics at a Glance, 2020).
However, a large section of the population
remained undernourished until recently which is an
enigma to the policymakers. In global comparison,
India ranks poorly on hunger parameters:
undernourishment, under five child mortality and
child undernutrition (stunting and wasting). Even
though there has been improvement in the level of
India's malnutrition, relatively high level of
deprivation in the initial years has led to poor ranking
for India. The goal now has shifted from achieving
sufficiency in production of food towards attaining
food security and ending all forms of malnutrition by
2030 as mentioned under Sustainable Development
Goals (UN, 2030). This article highlights state wise
performance of malnutrition indicators, their drivers
and policies to control undernutrition.
The multidimensional nature of malnutrition requires
intervention in a holistic manner. Any development

in the socio-economic status of the households is
supposed to have its initial impact on infant
mortality. India has experienced a rapid decline in
infant mortality rates from 161 per 1000 live births in
1960 to 27 in 2020 (World Bank, 2020). In terms of
other malnutrition indicators, India's estimates have
been high and marginal improvement took place
over a long period of time (1998-99 to 2005-06) as
decline in mortality swelled up the bottom strata of
undernourished people. However, the risk of
undernutrition declined in the second phase (200506 to 2019-21). There has been a steady decline in
the percentage of stunted (48% to 35.5%) and
underweight (42.5% to 32.1%) children. However, no
major change is experienced in the share of wasted
children (19.8% to 19.3%). Each of these indicators
characterizes different aspects of child
malnutrition5. Stunting is suggestive of prolonged
under-nutrition while wasting signals current
nutritional status determined by food consumption
and/or illness. Underweight implies both acute and
chronic malnutrition. The percentage of men (34.2%
to 16.2%) and women BMI (35.5% to 18.7%) below
18.5 kg/m2 has also declined significantly in the
second phase. However, it is rather distressing that
share of anaemic people has increased from 201516 to 2019-20.

5
Stunted (low height for age), wasting (low weight for height) and underweight (low weight for age) are the percentage of children,
aged 0-59 months, whose height for age is below 2 standard deviation from the median of the reference population.
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Figure 1: Percentage of
Stunted Children in 2005-06

Figure 2: Percentage of
Stunted Children in 2019-21

Figure 3: Percentage of
Wasted Children (2005-06)

Figure 4: Percentage of
Wasted Children (2019-21)

Figure 5: Percentage of
Underweight Children (2005-06)

Figure 6: Percentage of
Underweight Children (2019-21)

Source: NFHS, 2019-21
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The state wise analysis shows that Bihar, Gujarat,
Jharkhand, and Uttar Pradesh perform poorly in
anthropometric indicators. The share of
undernourished children in these states is more than
double in states like Manipur, Sikkim, Mizoram, and
Punjab. However, in the period of 15 years (2005-06
to 2019-21), there has been considerable
improvement in nutritional indicators for almost all
the states. The maps (Figure 1-6) highlight the
improvement in level of child malnutrition in the
period of 2005-06 to 2019-21.

2020). There is a wide set of literature (UNICEF 2013;
Gulati et al., 2012; Kadiyala 2014) validating the
results indicating these dimensions that impact
undernutrition. Here, we analyse how the states
fared in terms of these indicators based on the latest
NFHS-5 data.
Women's Education: As per the NFHS-5, of all the girls
and women above the age of 6 years, only 41%
have education of 10 years or more (Figure 7). The
reports on Annual Status of Education indicates
disappointing quality of education in India (ASER,
2021). States like Kerala, Himachal Pradesh, Tamil
Nadu, and Goa ranked higher in the education
parameter while states like Assam, Madhya
Pradesh, Bihar and Tripura fared badly in the
ranking. The states with lower level of women's
education are seen to perform badly in nutritional
indicators.
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Figure 7: Women with 10 or More Years of Schooling
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A joint study by NABARD and ICRIER traces the
determinants of child nutrition by logistic regression
using unit level data of NFHS-4 (2015-16). The study
finds that mothers' educational status, standard of
living measured by sanitation, drinking water,
childcare and access to health facilities have the
strongest linkages with child nutrition (Jose et al.,

Source: NFHS, 2019-21

Child Care Practices: These include care for
pregnant and lactating mothers, breastfeeding
practices, feeding young children etc (UNICEF,
2013). Good complementary feeding practice
along with breastfeeding ensures growth of
children, protect children from infections and lead
to reduction in stunting significantly. We have
created an index6 of child care practices using four
vital variables from the recent NFHS survey (2019-21)
regarding child care: Percentage of children under
six months exclusively breastfed, Percentage of
children below three years breastfed within one

hour of birth, Percentage of children aged 6–8
months who were fed complementary foods and
Percentage of breastfed children in the age group
6–23 months who had a minimum dietary diversity
(Figure 8). The states of Rajasthan, Jharkhand,
Gujarat, Bihar and Uttar Pradesh perform poorly in
childcare (higher the index value, better is the
performance). Surprisingly, eastern states of Odisha
and West Bengal performed satisfactorily in child
care practices. Child malnutrition in these states is
attributed to poor performance in other dimensions
like household amenities and women's education.

6

Each of these indicators is rst normalized according to the formula: Normalized indicator = actual values – minimum value/maximum
value – minimum value. The normalized malnutrition index is then estimated as a simple average of the normalized values of the
indicators.
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Figure 8: The Level of Childcare across States, 2019-21

Source: NFHS, 2019-21

Household Amenities: Access to safe drinking water
and sanitation play an important role in improving
nutritional status of the households. Access to safe
drinking water and toilet facilities reduce chances
of diarrhoea and access to water in the premise
and clean fuel reduces women's day-to-day
hardship. For instance, in states like Bihar (49.4%),
Jharkhand (56.7%) and Odisha (60.4%) a huge share
of households do not have access to improved

sanitation facilities. These states also perform poorly
in malnutrition indicators. We have created a
composite normalized index of household
amenities by considering four variables: access to
safe drinking water, improved toilet facilities,
electricity as a source of lighting and clean fuel. The
states of Meghalaya, Jharkhand, Assam, Odisha, UP
and Bihar perform poorly in this index (Figure 9).
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Access to Healthcare Facilities: Maternal
malnutrition like deficiency in iron and other
micronutrients implies higher probability of
mortality during childbirth and deficiency of
nutrients among children. Maternal care includes
iron supplementations and intake of iodine during
pregnancy and so on. The normalized index for
access to healthcare is constructed considering

four variables from the recent NFHS-5 data for 201921: the percentage of mothers who received full
Antenatal Care (ANC) and postnatal care (PNC)
within 48 hours of delivery, percentage of delivery
by health personnel and the percentage of
children who received all vaccination. Figure 10
shows the state wise performance.
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Based on the state wise performance in these
dimensions the key lessons to eradicate malnutrition
are following:
1) Biofortification of food, providing clean and
safe drinking water to households through
nal se jal program and mid-day meals are
correct approach in the right direction.
There has been improvement in the access
to drinking water facilities but around 30%
and 41% of the households respectively do
not have access to improved sanitation
facilities and clean fuel for cooking. The
government needs to be more proactive in
expanding the reach of Swachh Bharat
Abhiyan to ensure universal sanitation and
hygiene for all.
2) As the study shows that women's education
plays a key role for child nutrition; better
educated women are more capable in
providing required childcare. There are
many government programs like Sarva

Shiksa Abhiyan, National Scheme of
Incentives to Girls for Secondary Education,
Central Board of Secondary Education
(CBSE) Scholarship Scheme for Girl
Education to ensure girl child education. But
progress has not been satisfactory. The need
of the hour is to promote education for girl
child aggressively and not only to literate
them but ensure at least 10 years of quality
education.
3) In India, only 42% of children under age 3 are
breastfed within one hour of birth which is
crucial for preventing many diseases.
Around 11% of the breastfeeding children
are given complementary diet. There has
not been much improvement since the last
NFHS-4 (2015-16). The situation is much worse
in states like Rajasthan, Bihar, Jharkhand,
Gujarat and Uttar Pradesh. The government
requires to reinforce its regulation on breast
milk substitutes through infant and young
child feeding guidelines, Integrated Child
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Development Services (ICDS) and National
Breastfeeding Promotion Programmes
(UNICEF, 2019).
4) There is an urgent need of intervention
directed towards Anaemia prevention and
control under POSHAN Abhiyan. The
programmes could include provisions for
distribution of iron and folic acid
supplements in school, deworming of
children, and check-ups for adolescents
and pregnant women in school. Anganwadi
workers can impact nutrition by promoting
and explaining the need for breastfeeding
and immunization of children to young
mothers.
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Building Back Better in Agriculture
to Secure Healthy Future
Reena Singh, Purvi Thangaraj and Ashok Gulati

Exponential population growth of the last century
has led to increased natural resource use for food
security and prosperity of human beings. It is hurting
the environment on a global scale with greater
Greenhouse Gas Emissions (GHG), unprecedented
pollution, degradation and biodiversity losses.
Industrial and technological growth means we need
more power consumption than ever. We are
beginning to see the consequences of declining
environmental health on ecosystems and
communities. According to Global Footprint
Network, the yearly arrival of Earth Overshoot Day
occurs when humanity's demands on biological
resources surpass what the network's analysts think
the Earth can replenish in a year. This year, we
reached that mark on July 28, the earliest since
ecological overshoot began in the early 1970s. This
means that we are using up Earth's resources almost
half a year before our planet has time to regenerate
them. That's why now, more than ever before,
businesses and governments need to invest in
environmentally sustainable and socially responsible
practices to secure a livable future.
Globally, food systems are responsible for 80% of
deforestation, 70% of freshwater usage, 29% of GHG
emissions7 and the single biggest source of terrestrial
biodiversity loss on a global scale (UNCCD Land
Report, 2022). At a global level, 33% of soils are

already degraded, and as per estimates over 90%
could come under the degraded category by 2050
(FAO and ITPS, 2015; IPBES, 2018). Global freshwater
use, that is, freshwater withdrawals for agriculture,
industry and municipal uses — has increased nearly
six-fold since the 1900s, from over 650 billion m3 per
year to almost 4 trillion m3 per year in 2018 (FAO,
AQUASTAT, 2022).
Trade-offs from Agriculture: Trends
Talking about region-specific trends, at roughly 700
billion m3 per year in 2010, India was the world's
greatest agricultural water user. India's agricultural
water use has nearly doubled between 1975 and
2010, as the country's population and total food
demand have grown. China is the world's secondlargest consumer, with around 385 billion m3 used in
2015, albeit its agricultural freshwater demand has
recently plateaued. Brazil's water withdrawals stayed
relatively low at about 50 billion m3 per year in 2010,
whereas the United States peaked in 2000 at nearly
200 billion m3 per year before falling to 174 billion m3
per year in 2010 (Figure 1). India likewise tops the list in
terms of agricultural freshwater withdrawals as a
proportion of overall freshwater withdrawals, with
90%, followed by China (64.4%), Brazil (58.1%), and
the United States (39.7%), with the global average
remaining at 71.8% (FAO, AQUASTAT, 2022).

Water Withdrawals
(Billion Cubic Meters)

Figure 1: Agricultural Water Withdrawal (1970-2015)
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7
These include deforestation and other land-use changes emissions. GHG estimates of agriculture and food systems may vary by different
groups depending upon what is being included while estimating the emissions. IPCC (2019) reported 23% of total net anthropogenic
emissions of GHGs from agriculture, forestry and other land use (AFOLU) activities and if emissions associated with pre- and post-production
activities in the global food systems are included, the emissions are estimated to be 21-37% of the total net anthropogenic GHG emissions.
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India's sown area is 202 Million hectares (Mha),
followed by China (167 Mha), USA (158 Mha) and
Brazil (56 Mha). Agriculture emissions were greatest
in China (830 MtCO2e, BUR China 2018), followed by
the United States (595 MtCO2e, BUR US 2021), Brazil
(439 MtCO2e, BUR 2020), and India (408 MtCO2e,
BUR 2021). However, agriculture accounts for just 7%
of total emissions in China, 14% in India, 10% in the
United States, and 43% in Brazil. With a growing
population and emissions, a major day-to-day
impact faced by the world is air pollution.
Agriculture is now a major source of air pollution,
particularly in northern states of India where crop
residues are burnt producing Carbon Monoxide
(CO), Methane (CH4), Nitrous Oxide (N2O), Nitrogen
oxides (NOx), Non-Methane Hydrocarbons
(NMHCs), Particulate Matter, Sulphur Dioxide (SO2)
and many other gases.
Agriculture Value Added
Despite current patterns of resource depletion and
degradation, it is interesting to examine the
agriculture sector's gross value addition.
Agriculture's global value added climbed from US$
0.95 trillion in 1970 to US$ 3.5 trillion in 2019, despite a
decline in GDP contribution from 5.3% to 4.2%.
During the previous decade, Asia was the leading
contributor to global agricultural value added, with

China accounting for about half of the region's
agriculture, followed by India. In 2019, China had
the most value added from agriculture, forestry,
and fishery at US$ 1113.1 billion, accounting for
31.7% of the total value added from agriculture and
allied services at global level, followed by India at
US$ 414.79 billion (11.81%), the United States at US$
195.45 billion (5.56%), and Brazil at US$ 86.43 billion
(2.46%) (FAO, 2021).
Emission Intensity
Amongst the compared countries (Figure 2),
although China emitted highest, the GHG emission
intensity per hectare was highest in Brazil (7.88 Mt
CO2e/ha), followed by China (4.97 Mt CO2e/ha),
USA (3.77 Mt CO2e/ha) and lowest in India (2.02 Mt
CO2 e/ha). Emission Intensity per unit of GVA was
lowest in China (0.75 Mt CO2e per billion GVA),
followed by India (0.98 Mt CO2e per billion GVA),
USA (3.04 Mt CO2e per billion GVA), and Brazil (5.08
Mt CO2e per billion GVA). This means China is most
efficient in terms of agriculture land utilization and
adding GVA with least emission. India fared better
than USA and Brazil but lags behind these countries
in terms of water withdrawls for agricultural use
(Figure 1). Overall, India's agricultural production is
inefficient with respect to resource use.

Figure 2: GHG Emission Intensity and Agriculture Value Added (GVA)
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Better Agriculture, Better India
India, the second largest food producer in the
world, contributed 18.3% of the GVA, and 45.6%
workforce through agriculture in 2019-20. So, it is not
surprising that the food and agriculture system
brings the largest opportunity for decarbonising
economy in India. Agriculture communities in India
need solutions to ensure their food and nutritional
security without damaging the environment. Few
recommendations are listed below:
1.Crop Neutral Incentives

these emissions but this will not stop overexploitation of groundwater resources. Pricing
electricity based on actual consumption and the
cost of supply seems a plausible solution to improve
efficiency of electricity, water & carbon and also
the economic efficiency of the electric utilities.
However, this might create a situation where
developmental problems like food scarcity and
rural poverty are challenged. To overcome this,
power subsidies (on a per hectare basis) should be
transferred to farmer's bank account (Gulati et al.,
2017).

Price incentives in form of Minimum Support Price
(MSP) helped India increase food production during
Green Revolution period but have led to the
increase in area under rice and wheat in Punjab,
which got shifted from its traditional agroclimatically suited wheat-maize system. Rice
cultivation contributes to 17.5% of the total
agriculture emissions and requires 4,000 m3 of water
to produce 1 tonne. Rice cultivation in Punjab,
Haryana, and Uttar-Pradesh, where 60-70% of the
groundwater blocks are over-exploited (CGWB,
2020), will not be sustainable in future. But at the
same time the well-existing market, assured MSP
and region-centric rice procurement from these
states discourage farmers in the region for crop
diversification. For reference, out of 60 MMT rice
procurement in 2020-21, 13.5 MMT were procured
from Punjab alone (FCI, 2021) thereby meaning that
farmers in Punjab got MSP of about Rs 38,000 crore
on rice. Diversion of rice MSP to other crops like
maize and pulses could be one of the obvious
options to encourage farmers to switch to the crops
that are both environmentally tenable as well as
profitable for them. Consumer goods companies
can play a critical role by investing in supply chains
and food innovation to make food products that
are more nutritious and accessible.

India's agriculture is mostly imprecise for the usage
of chemical inputs - urea - a dominant source of 'N' is
used excessively as compared to other fertilizers
such as diammonium phosphate (DAP), the main
source of 'P', and muriate of potash (MOP), the main
source of 'K'. This has led to increasing imbalance in
the NPK-use ratio, at 6.7:2.4:1 (FAI, 2021) against the
ideal of 4:2:1. In 2020-21, Rs. 1,33,947 crores
(Expenditure Budget, Union Budget 2021-22) were
allocated by the Central Government as fertilizer
subsidy. Out of this, Rs. 94,957 crores were allocated
for urea subsidy there by reducing urea rates as
compared to other fertilizers leading to its skewed
application. Overall, reducing Nitrogen/Urea
misuse and overuse, and the adoption of
controlled-release and stabilized fertilizers, can be
significant contributors to reducing Nitrous Oxide
and other GHG emissions. Shift from price subsidy to
income subsidy for direct cash transfer to farmers on
per hectare basis (Gulati et al., 2015) so that farmers
can purchase the fertilizers as per their requirement
(including micronutrient fertilizers) and choice (that
include bio-inputs, vermicompost etc.,
nanofertilizers, super-granule urea, nano-urea, slow
release fertilizers).

2.Reforming Agricultural Electricity Pricing and
Subsidy Structure

4.Carbon Credits for Income Security of Farmers that
Opt for Sustainable Practices

Subsidized electricity has fostered excessive use of
water and electricity and led to unregulated and
indiscriminate groundwater pumping, causing a
decrease in groundwater level and an increase in
carbon emissions. There are approximately 20.5
million groundwater structures (Fifth Minor Irrigation
Census, reference year 2013-14). There are
estimates that groundwater irrigation emits 45.362.3 MMT of carbon annually, contributing 8-11% of
India's total carbon emissions (Rajan et al., 2020).
Switching to solar pumps is one solution to avoid

Modernizing agriculture - including improved
fertilization and crop protection practices, a shift of
rice cultivation away from traditional continuous
flooding systems, adoption of dry direct seeding,
adoption of low- and no-tillage practices, better
residue management, balanced feed and feed
additives for reducing emissions from enteric
fermention, crop diversification, agroforestry etc.
can significantly reduce GHG emissions. Ongoing
government schemes on low-carbon and
sustainable agriculture do not include income

3.Precision Agriculture and Fertilizer Subsidies
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security of farmers and thus are not lucrative for
farmers. Farmers opting for carbon reduction or
carbon sequestration using sustainable agricultural
practices may be incentivized through carbon
credits (a carbon unit measured as a tonne over a
period of time that can be sold for a price in the
open market) either by government or industries. In
2020, the market rate of transecting carbon in
sustainable agriculture was US$ 12.52 per credit
(World Bank, 2021) which can increase over time
depending upon the demand.
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Dependence of Indian Agriculture on Monsoon
Bharat R. Sharma and Ritika Juneja

India experiences a tropical monsoon climate and
rainfall is the lifeline of its agrarian economy. Over
the years irrigation cover has increased from 17% in
1951 to 52% in 2018-19 (DES, 2021); and the share of
groundwater (64%) has surpassed the share of
canal irrigation (23%). But, in comparison to its
neighbouring countries such as Pakistan having 77%
of cropped area under irrigation and Bangladesh
having 54% of cropped area under irrigation (FAO,
2020), India's irrigation status remains low. Yet, it
fares slightly better compared to China having
about 50% of cropped area irrigated (Huang, 2019).
Among four monsoon seasons in India, Southwest
monsoon begins around 1st of June in extreme
south (Kerala) and in extreme east (Assam) of India
and sets in September as the main rainy season. It
brings 75-80% of annual precipitation to the country
(Nand, 2022). The 'Kharif' cropping season of
agriculture (June-September) coincides with the
southwest monsoon and accounts for roughly 50%
of total foodgrain production and more than 65% of
the oilseed production in the country. Spatial
distribution and quantum of southwest monsoon
determines the incidence of deficit, drought or
flood in the country. Over time, due to the rise in
global temperatures, there is an increase in moisture

8

in the warmed atmosphere, which leads to rainier
summer monsoon seasons and erratic and
unpredictable rainfall patterns (Dwivedi, 2021). La
Niña event continuing since September 2020 over
the equatorial central and eastern Pacific is one
such anomalous condition of climate variabilities.
Objective of this article, therefore, is to evaluate
dependence of Indian agriculture on rainfall. It also
analyses the changing pattern of rainfall over the
years and its impact on crop acreage and yields.
According to Indian Council for Agricultural
Research (ICAR), the mean productivity of rainfed
area is about 1.1 tonnes per hectare compared to
2.8 tonnes per hectare of irrigated area. The article
also lays down important technological and policy
suggestions to deal with climate variabilities.
Changing pattern of rainfall
According to the India Meteorological Department
(IMD), during the pre-monsoon season (March to
May 2022), rainfall received was normal - 99% of the
Long Period Average (LPA, 1971-2020). However,
the Southwest monsoon precipitation (during June September 2022) so far stands 6.5% above normal
rainfall (June 1, 2022 - September 30, 2022)8, but has
been the most irregular the country has
experienced in the last 6 years (IMD, 2022).

The country received 925 mm rains during June-September 2022 as against 868.6 mm of new normal (IMD, 2022).
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Figure 1: Percentage of Area Received Large Excess, Excess, Normal,
Decient and Large Decient Rainfall 2017-2022
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in East and Northeast India. Only the states in
Central India and Peninsular India (with relatively
low groundwater storage potential) have received
surplus monsoon rainfall (Figure 2).

Besides uneven temporal trends of the monsoons in
the last few months, the rainfall has been irregular in
terms of its spatial spread, seriously affecting the
area under the kharif crops. Total rainfall during the
period June 1 to September 30 was (-)18% from LPA

Figure 2: Rainfall Decits Relative to Normal during Southwest Monsoon in
crucial Rice Producing States of India
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Since rainfall during the June-September period
also affects groundwater and reservoir levels, it is
critical for irrigation of Rabi crops, accounting for
about half of the agricultural output. Out of 143
reservoirs in the country with a total live storage
capacity of 177.5 billion m3, live storage available in
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these reservoirs as on October 6, 2022, was 158.6
billion m3 (i.e., 89% of total live storage capacity). As
most of the large reservoirs are located in the
Central and Southern Peninsular region, the total
storage was 109% compared to corresponding
period last year and 116% of storage of last 10-year

average (Central Water Commission, 2022). This will
help in good canal irrigation during the Rabi season.
However, the scenario looks bleak for recharge of
the depleted aquifers in the over-exploited states of
Punjab, Haryana, and even the Eastern plains.
Impact of Monsoon on Crop Acreage
As per the final area coverage under Kharif crops as
on September 30, 2022, the area sown under
different crops is 110.3 Million Hectares (Mha), which
is 0.94 Mha less than 111.2 Mha sown during 2021
(DoA&FW, 2022) (Figure 3). The largest deficit,

however, was observed in case of rice (-) 2.02 Mha,
particularly in states like Jharkhand, West Bengal,
Uttar Pradesh, Madhya Pradesh etc. On the other
hand, excess rainfall at several places in Central
India has resulted in flood-like situations and
damaged oilseeds, grains and pulses. Area sown
under pulses in the ongoing kharif season fell by 0.55
Mha, compared to last year. Marginal drop in area
sown under oilseeds at 0.19 Mha. On the positive
side, there is an increase of 0.88 Mha area under the
coarse cereals and 0.89 Mha area under the cotton
crop.
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In the case of rice, the main Kharif crop, sowing of
which begins with the onset of the southwest
monsoon in June contributing to 80% of the
country's total rice production, the area sown has
dropped by 4.7% to 40.3 Mha compared to 42.3
Mha last year. Due to this fall in acreage, first
advance estimates predict a loss of 6.8 MMT of
kharif rice production to 104.99 MMT during Kharif
season of 2022-23 crop year (July-June). This
prompted the government to put an export ban on
broken rice (used in poultry feed), with effect from
September 9, 2022, and also imposition of 20%
export duty on non-basmati and non-parboiled
rice. It is worth noting that India accounts for 41%
share (21 MMT) in global rice market of 51.3 MMT.

The extension of the free foodgrain scheme under
the Pradhan Mantri Garib Kalyan Anna Yojana
(PMGKAY) up to December 2022 accounts for an
additional pressure. However, large buffer stocks of
food grains shall suffice to tide over the deficit. The
government will need to monitor supply to prevent
regional price spikes as well as refrain from restrictive
trade practices.
Given the erratic nature of rainfall and large
dependence of agriculture on it, there is an urgent
need to undertake appropriate measures to
reduce the vulnerability of Indian agriculture to
climate variabilities. First and foremost is wider
adoption of innovative irrigation techniques with
higher water-use efficiency such as micro irrigation
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(drip and sprinklers). China has also given top priority
to the development of agricultural water-saving
irrigation technology. Various types of water-saving
irrigation technologies, such as canal lining, lowpressure pipe irrigation, sprinkler, micro-irrigation
and mulching, have been adopted with
significantly improved irrigation efficiency. In India,
impact of uneven rainfall on Kharif crops can be
mitigated through their linkages with water
harvesting ponds and tanks and lift irrigation
schemes to provide supplementary irrigation during
the crop maturity stage. Secondly, crop specific
cultivation practices such as System of Rice
Intensification (SRI) method which utilizes less water,
less seed, less chemical fertilizers and pesticides and
direct seeding of paddy with drum seeder (saves
seed, moisture, labour and produces more tillers)
should be promoted. On the policy front, adequate
and timely weather forecasting and mandatory
crop insurance cover can be the game changers.
Another critical policy requires increase in
investment in agriculture Research and
Development (R&D). Developing staple crops
which are resilient to abiotic stresses (e.g.,
producing new drought-tolerant and flood-resistant
varieties or breeds), complemented with transfer of
innovations and knowledge to farmers is critical,
which further requires strengthening of the
agriculture extension system.
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ICRIER Conference

TAMING INFLATION

The conference on “Taming Inflation”, organised by
ICRIER, was held on September 8th, 2022 in hybrid
mode at Gulmohar hall, India Habitat Centre as well
as virtually through zoom. Smt. Nirmala Sitharaman,
Hon'ble Minister of Finance, graced the occasion as
the Chief Guest and delivered the Inaugural
Address. A total of 665 people participated in the
conference, including people from academia,
government, industry, members of international
organisations and representatives of the Reserve
Bank of India. The conference was also livestreamed on Youtube and has been viewed 1905
times since then. The agenda of the conference
was to stimulate an informed discussion on policies
to contain inflation within RBI's tolerance band
without giving up much on growth in India. The
overall objective was to identify:
Ÿ

What policy lessons India can learn from other
countries to tame inflation or what lessons India
can give to others?

Ÿ

Given the unique nature of India's CPI inflation
wherein food and beverages account for 45.86%
of weight, what policies and practices India can
adopt to contain food inflation?

Proceedings
Opening session
The welcome address was delivered by Dr. Deepak
Mishra, Director and Chief Executive, ICRIER,
followed by introductory remarks about the
conference by Dr. Ashok Gulati, Distinguished
Professor, ICRIER. In her inaugural address, Smt.
Nirmala Sitharaman emphasised that “handling
inflation has become a subset of handling the
economy.” She recommended that inflation
management needs to go beyond monetary policy
and its instruments where different institutions such
as fiscal, trade and tariff policy, food and
agricultural policy and even infrastructure policy
(with a multiplier of Rs 2.45 for every rupee spent)
should work together in symphony to tame inflation
while maintaining growth.
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Session 1: Global Inflation Scenario: Lessons for India

Session 2: Taming Inflation in India

The first session, moderated by Dr. Deepak Mishra,
included eminent panellists such as Dr. Shankar
Acharya, Honorary Professor, ICRIER; Dr. Rakesh
Mohan, President and Distinguished Fellow, CSEP;
Dr. Pami Dua, Director, Delhi School of Economics;
and Dr. Krishnamurthy V. Subramanian, Professor,
ISB. The presentation by Dr. Ranjana Roy, Fellow,
ICRIER, focused on the global scenario on inflation
and the lessons India can learn from other countries
to tame inflation. The consensus of the presentation
and panel discussion was that the approach to
tackling inflation requires fiscal tightening as much
as monetary squeezing as the fiscal deficit of centre
and state has crossed 10% of the GDP over the last
three years. The panel also suggested that the
central bank needs to take a pre-emptive
approach rather than a reactive approach while
ensuring credibility in the system.

The second session, moderated by Ms. Mythili
Bhusnurmath, Senior Advisor, NCAER; started with a
presentation by Dr. Shyma Jose, Fellow, ICRIER. The
session focused on inflation on the domestic front
and its composition, especially food and what best
policies and practices can be adopted to bring it
below 6%. The distinguished panellists included Dr.
Sitikantha Pattanaik, Executive Director, DEPR, RBI;
Dr. Dharmakirti Joshi, Chief Economist, CRISIL; Dr.
Ashima Goyal, Emeritus Professor, IGIDR; and Dr.
Ashok Gulati.
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The panel debated on the effectiveness of
monetary policy in India where food and
beverages account for 45.86% of weight in the CPI
basket. The panel concluded that synchronized
management among monetary, fiscal, trade and
supply chains is the best approach to tame inflation
in India. But the challenge is how to synchronise the
use of various policy instruments in a manner that
creates symphony and not cacophony. The fact
that India is today hoping to retain its growth rate for
FY 23 at around 7% and inflation at around 6.7% (as
per RBI's latest forecast in September end), it seems
India has managed reasonably well, although it still
needs to do better in taming inflation. This has
lessons for many advanced economies, especially
USA and European Union, where inflation is higher
than India's inflation and growth prospects are
much lower.

BIBLIOTHÈQUE
Activities by APSI Team during July – September Quarter
Report:
Ÿ

Jose, Shyma, Siraj Hussain and
As h o k G u l a t i ( J u l y , 2 0 2 2 ) :
Performance of Agriculture in
Uttar Pradesh: Region-wise
Analysis, ICRIER, New Delhi.

Ÿ

Gulati, Ashok and Ritika Juneja (July 7, 2022):
"High Costs of agri-trade bans", The Indian
Express also published in the Financial Express
under the title "Export bans won't cure ination".

Ÿ

Gulati, Ashok (July 18, 2022): "A prosperity lesson
for India", The Indian Express also published in
the Financial Express under the title "Population
and Prosperity".

Ÿ

Gulati, Ashok and Ritika Juneja (July 28, 2022):
"It's Still Food For Policy Thought", The Times of
India.

Ÿ

Wardhan, Harsh and Ranjana Roy (August 2,
2022): "How to curb volatility in tomato prices",
The Hindu BusinessLine.

Ÿ

Gulati, Ashok (August 18, 2022): "Discussion on
the book Modi at 20 Dreams Meet Delivery,
Exclusive Interview with All India Radio.

Gulati, Ashok and Manish Kumar Prasad (August
2, 2022): " Tomato humbles RBI ", The Indian
Express also published in the Financial Express
under the same title.

Ÿ

Wardhan, Harsh (August 25, 2022):
"Semiconductor chip, low paddy acreage,
markets, hostile takeover, Interview with the
Business Standard.

Gulati, Ashok and Ritika Juneja (August 10,
2022): "Dealing with Freebies: As India Needs
Food Subsidy Reforms, Modi Can Take a Cue
from Vajpayee", The News18.

Ÿ

Gulati, Ashok (August 22, 2022): "For Amrit Kaal
in Agriculture", The Indian Express also published
in the Financial Express under the title
"Agriculture in the Amrit Kaal".

Ÿ

Terway, Prerna and Ranjana Roy (August 22,
2022): "The crucial interlinking of soil
degradation and health", The Hindustan Times.

Ÿ

Gulati, Ashok (September 9, 2022): "Feeding
Humanity, Saving the planet", also published in
the Financial Express under the title "Saving the
planet and livelihoods".

Ÿ

Gulati, Ashok (September 19, 2022): "Out of
Tune", also published in the Financial Express
under the title "How to tame ination".

Media Interviews:
Ÿ

Ÿ

Ÿ

Ÿ

Op-eds:

Wardhan, Harsh (July 19, 2022): "Central wheat
stock, copycat brands, Nifty50, digital piracy:
Impact of dwindling central wheat stock",
Interview with the Business Standard.
Gulati, Ashok and Ritika Juneja (July 24,
2022):"e‚ulwu ds fglkc ls dSlk gksxk [kjhQ dk mRiknu, Interview
with DD Kisan.

Ÿ

Gulati, Ashok (September 14, 2022): "Has Food
Ination Gone Out Of Control In India?, Interview
with India Today.

Ÿ

Gulati, Ashok and Ramesh Chand (September
22, 2022): "Food Ination on Rise", Interview with
Indianomics Tv18.
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APSI TEAM

WE ARE HIRING
ICRIER invites applications for its Agriculture Policy
Sustainability and Innovation (APSI) vertical led by
Dr. Ashok Gulati, Distinguished Professor, ICRIER
Ÿ

Senior Research Fellow (3): Job ID: - SF-001-07-2022

Ÿ

Research Fellow (3): Job ID: - FE-002-07-2022

Ÿ

Research Associate (3): Job ID: - RA-003-07-2022

©2022 | ICRIER
Cover Page Image Courtesy: Shutterstock

DISCLAIMER: Opinions and recommendations in the bulletin are exclusively of the author(s) and not of any other individual or
institution including ICRIER. This bulletin has been prepared in good faith on the basis of information available at the date of
publication. All interactions and transactions with industry sponsors and their representatives have been transparent and
conducted in an open, honest and independent manner as enshrined in ICRIER Memorandum of Association. ICRIER does not
accept any corporate funding that comes with a mandated research area which is not in line with ICRIER's research agenda.
The corporate funding of an ICRIER activity does not, in any way, imply ICRIER's endorsement of the views of the sponsoring
organization or its products or policies. ICRIER does not conduct research that is focused on any specic product or service
provided by the corporate sponsor.

Indian Council for Research on International Economic Relations
Core6A, 4th Floor, India Habitat Centre, Lodhi Road, New Delhi - 110 003, India
www.icrier.org
https://www.facebook.com/pages/ICRIER/437689439633802

https://twitter.com/@icrier

https://in.linkedin.com/company/icrier

https://www.youtube.com/user/ICRIER

To subscribe to this bulletin, please write in to: agriculture@icrier.res.in

30

