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From the Director’s Desk

D

uring the last quarter of this year we had launched the very rst
issue of ICRIER - APSI's quarterly bulletin, AF-TAB. It received much
appreciation and encouragement from our readers, motivating
us to conceptualize a special issue to mark India's 75th year of
Independence.
Providing an overview of Indian agriculture in the course of these seventyfour years, the articles in this issue focus on the challenges facing the
cereal abundant agriculture of this country. Despite our phenomenal leap
from a food decit to a food sufcient state, ironically, food security is still a
matter of concern.
More disconcertingly, India has evidenced a rising incidence of malnutrition in recent times. This
has further exacerbated our food security concerns with emerging nutritional security challenges.
On the other hand, while augmenting farm income is a perpetual policy struggle, making
agricultural practices environmentally sustainable seems to be a binding constraint towards that
end. Currently, the government is exploring various natural / organic farming techniques,
endeavouring to scale these up at the national level in order to mitigate the adverse
environmental impact of the seed-chemical-fertilizer based agriculture adopted since the Green
Revolution times. But can these natural farming techniques generate at least as much protability
and productivity gains as the latter?
The Royal Swedish Academy of Sciences in their press release for this year's Nobel Prize for
Economic Sciences has rightly pointed out: "Many of the big questions in the social sciences deal
with cause and effect... These questions are difcult to answer because we have nothing to use as
a comparison". This calls for rigorous empirical research, especially to back up policies that have to
deal with potentially conicting objectives like productivity - protably - sustainability. In a
protracted sense, hence, this issue of AF-TAB is also a tribute to the spirit of empirical research as
celebrated at this year's Nobel Prize for Economics.

Deepak Mishra
Director & Chief Executive
ICRIER
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From the Chief Editor’s Desk

I

ndia's seventy-four-year-long journey as an independent nation is a story
of perseverance and passion against various odds, the commencement
of which was marked circa 1967 by the breakthrough called 'Green
Revolution'. It saw the transition of a heavily food importing nation into a
food-sufficient one. Opening with an introductory article, Indian Agriculture
@75, delineating this journey of our country from a food-deficient to a foodsufficient one, this issue to AF-TAB deliberates on the potentials and
challenges faced by Indian agriculture in the recent times.
Drawing evidences from the National Statistical Office's (NSO) lately
released results of the Situation Assessment Survey 2018-19, the article on the
State of Agricultural Households in India infers that from 2002-03 to 2018-19 income from crop
cultivation has fallen from 46 per cent to 38 per cent, while that from livestock sector has quadrupled
from 4 per cent to 16 per cent. An evidence that corroborates the need for diversification towards
high value agriculture in order to augment (if not double) farmers' income. On the demand side, a
shift from cereal-intensive food security to nutrient-rich diet security for the populace is the need of
the hour, if India has to achieve its Sustainable Development Goal of 'Zero Hunger' by 2030.
Our third article, POSHAN for the 'Last Mile', finds that the piecemeal approach of food-based
welfare programmes and subsidized food grains through the public distribution system (PDS) have
not been able to make a significant dent in improving the nutritional status of the population. While
(45-64) per cent of rural poor cannot afford a nutritious diet, India is projected to account for 26 per
cent of the world's malnourished people in 2030 under such 'business-as-usual' scenario.
India's next major breakthrough for nutrition security can potentially be the adoption of 'biofortification' - a process of breeding conventional food crops with higher levels of micronutrients,
such as vitamin A, zinc, and iron. With international organizations like the Consultative Group for
International Agricultural Research (CGIAR) playing a proactive role in this realm, it is also indicative
of an institutional shift towards the non-government and/or private sector's emerging role in
agricultural research and development (R&D) in India. In fact, according to the Economic Survey
2020-21, about 37 per cent of the overall gross expenditure on R&D in India comes from the business
(or private sector).
In a similar vein, Khurana and Gulati, in an article for the previous issue of this bulletin, had focused on
private sector interventions for innovations in the Indian dairy sector. In tandem, a study by CRISIL
across 12 Indian states, cumulatively accounting for over 80 per cent of national milk production, has
found the predominance of private sector in milk procurement vis-à-vis the conventionally held
wisdom about the dairy cooperatives' preponderance in this activity. While such transformation is
potentially an affirmative step towards taking Indian agriculture beyond its age-old subsidy
syndrome and over dependence on government procurement and price supports, it rests on the
back of a looming concern about the environmental sustainability of our farming practices.
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A number of articles in the current issue have the common thread of “sustainability” lacing through
them. In a sector-wise analysis of greenhouse gas (GHG) emissions from agriculture, the article Clean
Agriculture, Green Agriculture, for example, reveals that enteric fermentation alone accounts for 55
per cent of the total GHG emissions from agriculture. Without due interventions for livestock feed and
manure management, India's livestock sector with its growing potential for farm income
augmentation and nutritional security, could be a missed opportunity.
The Intergovernmental Panel on Climate Change's (IPCC) 6th assessment report had already
predicted that global climate change will make Indian monsoons extremely volatile. According to
our Kharif 2021 Crop Outlook the spatially erratic pattern of 2021 monsoons is likely to impact the
production and hence prices of non-cereal food items like pulses and vegetables (onions and
tomatoes), in the main.
Thus, faced with the triad of augmenting farm income, ensuring food and nutrition security, and
(environmentally) sustainable agricultural practices, the challenge for agricultural (reform) policies in
India, now, is to strike a fine balance of productivity-profitability-sustainability. And in course of this
phenomenal work in progress, experiments, be it with natural farming techniques such as ZBNF
(Natural Farming as a National Policy: Case of ZBNF in India) and/or first-generation biofuel
production from rice or sugarcane (Ethanol Blending in India: What are the Chances?), need to be
handled more with scientific rigor and socio-economic prudence than any unfounded exuberance.

Ashok Gulati
Infosys Chair Professor for Agriculture
ICRIER
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RESEARCH FROM THE LAST QUARTER
Indian Agriculture @ 75
To achieve its dream of becoming a manufacturing-led economy, India must leverage
the purchasing power of its rural people by augmenting rural incomes, education, and health.
Ritika Juneja and Ashok Gulati

After centuries of subjugation and economic strife,
India started its journey as a new born nation on
August 15th, 1947. Deeply wounded by partition,
India was faced with a crumbling economy, and
abysmal poverty (more than 70 per cent) (Gulati,
2021). Grain production at that time was just 45
million metric tons (MMT) (Chopra, 1981).
From Ship-to-Mouth: India's Food Crisis
Food shortage and negligible foreign exchange
reserves made India heavily dependent on food
aid from the USA under the PL-480 program. The
passage of ships carrying food from the US was
headline news on the airwaves because their
arrival would coincide with millions of people being
able to eat in India (Tharoor, 2017). The situation
worsened when India was hit by back-to-back
droughts during the mid-1960s. Grain production
fell signicantly by 17 MMT, from 89.4 MMT to 72.4
MMT between 1964-65 and 1965-66 (Chopra,
1981); and India was caught in an unprecedented
'ship-to-mouth' crisis. It was even predicted that
recurring famines and acute food shortages would
push India towards a disaster in the years to come.
Since then India has come a long way and has
achieved several milestones, including rise in
income levels, economic growth, reduction in
poverty, improvement in literacy and life
expectancy among others.
Deciency to Sufciency: India, the Bread Basket
Most important of all, perhaps, remains the
adoption of technological innovation that
transformed India from a 'begging bowl' to a
'bread basket' during the mid-1960s, namely the
high yielding 'miracle seeds' that unleashed the
'Green Revolution'. These seeds of change, though
imported, were well supported by appropriate
policies on prices, fertilizers, land ownership,
irrigation, and credit. Their adoption expanded
over time through a domestic network of research
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and extension under the Indian Council of
Agricultural Research (ICAR) and State Agricultural
Universities (SAUs).
This was followed by the famous 'White Revolution'
in the 1970s and 1980s, the 'Poultry Revolution' in
1990s and the 'Gene Revolution' in 2002. These
revolutions in agriculture transformed India from a
net importer of food to a self-sufcient agricultural
economy (Pingali et.al 2019). Over the last ve
decades, total production of food grains has
increased by more than six times: from 45 MMT at
the time of Independence to about 296.67 MMT in
2019-20 (estimated to be 303 MMT in 2020-21)
(gure 1). India has also emerged as the world's
largest producer of milk, cotton, spices and pulses;
second largest producer of rice, wheat, fruits and
vegetables; third largest producer of eggs; and the
fth largest producer of poultry meat. It has even
emerged as the largest exporter of rice, bovine
meat and spices, globally.
All this became possible with innovations in
technologies, institutional engineering, and right
incentives. Now, as India enters the landmark 75th
year of its Independence, it is a historic point in time
for us to celebrate our achievements as well as to
reect on how India's "tryst with destiny" has played
out over these years, particularly with respect to
the basic necessities - food, health and education.
Reforms and Economic Growth
In the Pre-Green Revolution Period (1951-52 to
1966-67), the average annual growth rate (AAGR)
in real gross domestic product (GDP) (at 2011-12
prices) was 3.6 per cent, while population grew at
about 2 per cent. The growth in agricultural GDP,
the sector that supported livelihood of the majority,
was meagre at 1.5 per cent and India was heavily
dependent on food imports.
There was a visible acceleration in overall GDP
growth at 4.2 per cent as well as in agriculture

growth at 3.3 per cent per annum, during the
period of Green Revolution (1967-68 to 1985-86).
Even the foodgrain production doubled from 74.2
MMT in 1966-67 to 150 MMT in 1985-86 (gure 1).
However, soon the country landed in a serious
economic crisis in July 1991, when overall growth
plummeted to 1.1 per cent in 1991-92, ination
increased signicantly to more than 13 per cent in
1991-92 and foreign exchange reserves
plummeted drastically to USD 1.1 billion in June
1991 (Ahluwalia, 2020; RBI, 2005).
In July 1991, India ushered in economic reforms,
steering the country away from a regime of
controls and protectionist policies to a somewhat
market-oriented system. As a result, economic
growth accelerated at the rate of 5.7 per cent
during the reform period (1986-87 to 1996-97), while
agriculture grew at the rate of 3.7 per cent (MOSPI,
2021) (gure 1).
However, deceleration in agricultural growth
started from 1997-98 onwards and a clear
indication of slumping of the agricultural sector
was visible till the year 2005-06. This slump during the
post-reform period (1997-98 to 2005-06) was
perceived as an outcome of substantial diversion
of resources away from agriculture (MOSPI, 2018).
The growth in agricultural GDP was 2.2 per cent
during this period.

The economic reforms actually started paying
dividends after a few years of stabilization and a
signicant turnaround in growth was observed
since 2006-07 that pushed the overall GDP growth
to 6.7 per cent and the agricultural GDP growth to
3.6 per cent during period of recovery (2006-07 to
2019-20).
From the mid-1960s onwards, per capita income
also increased in real terms despite a signicant
increase in the population, leading to a gradual
decline in poverty in India. The poverty head count
ratio (HCR), at USD 1.9 a day (in terms of
purchasing power parity (PPP) at 2011-12 prices),
has declined from more than 70 per cent in 1947 to
54.8 per cent in 1983, 45.9 per cent in 1993, 38.2 per
cent in 2004 and 13.4 per cent in 2015 (The World
Bank, 2019) (gure 1). As per the recent estimates,
poverty HCR lies between 8.1 and 11.3 per cent in
2017 (The World Bank, 2021). Further, as on 2019,
adult literacy rate (of people aged above 15
years) in India has improved by more than six times
from 12 per cent at the time of independence to
74.3 per cent in 2019 (Oxfam India, 2015; World
Development Indicators, 2019) and life
expectancy at birth has improved from mere 41
years in 1960 to 69.4 years in 2019 (World
Development Indicators, 2019).

Figure 1: Economic and Agriculture performance indicators
Period of Green Revolu on
AAGR GDP = 4.2 per cent
AAGR Agri. GVA = 3.3 per cent
Popula on Growth = 2.3 per cent

300
250

Period of
Economic
Reforms
AAGR GDP = 5.7 per
cent
AAGR Agri. GVA = 3.7
per cent
Popula on Growth =
2.07 per cent

A er Reforms

Recovery

AAGR GDP = 6.1 per AAGR GDP = 6.7 per cent
cent
AAGR Agri. GVA = 3.6 per cent
AAGR Agri. GVA = 2.2 Popula on Growth = 1.2 per cent
per cent
Popula on Growth =
70%
1.7 per cent

60%
50%

200

40%

150

30%

100

20%

50

10%

0

0%
1950
1952
1954
1956
1958
1960
1962
1964
1966
1968
1970
1972
1974
1976
1978
1980
1982
1984
1986
1988
1990
1992
1994
1996
1998
2000
2002
2004
2006
2008
2010
2012
2014
2016
2018
2020

Foodgrain Produc on in MMT

AAGR GDP = 3.6 per cent
AAGR Agri. GVA = 1.5 per cent
Popula on Growth = 1.9 per cent

Poverty Rate in per cent

Ship-to-Mouth crisis

Foodgrain Produc on before GR

Foodgrain Produc on a er GR

Poverty Rate

Source: The World Bank,2019; GOI 2020; MOSPI 2021
Note: Average Annual Growth rate (AAGR) of India's Gross Domestic Product (GDP), Agriculture Gross Value Added
(GVA) and Per Capita Income (PCI) is calculated at constant 2011-12 prices

7

India and Her Neighbors
According to the International Monetary Fund's
(IMF) estimates, in 2020 per India's GDP capita at
current prices was reported to be USD 1,960 (USD
6,460 in current PPP terms), vis-à-vis just USD 1,260
(and USD 5,150) for Pakistan. In comparison,
Bangladesh that became independent much
later in 1971, recorded a GDP per capita of USD
2000 at current prices (and USD 5310 in PPP terms),
which was slightly higher than even India atleast for
the year 2020, and surely much higher than
Pakistan (International Monetary Fund, 2021).
However, a comparison of India and China reveals
more fascinating results. Both the countries started
their economic journey around the same time in the
late 1940s after a long struggle for freedom.
Subsequently, they both undertook a series of
economic reforms, although following different
growth models. In 1947, India chose to be a
democracy and a nation of equals, while China
chose a system where choices were limited to a few.
After 1992, China outstripped India in terms of GDP
per capita in current PPP terms, rising from USD
306.7 in 1980 to USD 966.5 in 1990 and USD 17,104 in
2020, vis-à-vis India's rise from USD 532 in 1980 to USD
1,101 in 1990 and USD 6,510 in 2020 (International

Monetary Fund, 2021). This has led to a certain
strand of discourse that questions the structure of
democracy in India for being challenging for the
implementation of policy changes / reforms
(Gulati & Fan, 2007).
Further, comparing India, China and Bangladesh
on several socio-economic indicators such as
literacy rate, life expectancy at birth, women’s
education and women’s participation in the work
force reveals relatively better performance of both
China and Bangladesh on these indicators than
India. As per the World Bank estimates of 2019, life
expectancy was 69.4 years in India compared to
72 years in Bangladesh and 76.7 years in China;
adult literacy rate was 74 per cent in India versus 75
per cent in Bangladesh and 96.8 per cent in China
(World Development Indicators, 2019). Literacy
rate among female (age between 15 years and
above) was 95 per cent in China and 72 per cent in
Bangladesh versus just 66 per cent in India (World
Development Indicators, 2019). In addition, China
and Bangladesh fares better even in terms of
women participation (aged above 15 years) in
labour force of 61 per cent in China and 36.3 per
cent in Bangladesh compared with just 21 per cent
in India (World Development Indicators, 2019).
After crossing several milestones in course of this

Bangladesh

Source: International Monetary Fund, 2021
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long journey of 75 years since Independence,
India's crucial target over the next decade or so
should be at least to achieve the standards of its
neighbours, China and Bangladesh, in terms of
these human development indicators, if not surpass
them. In this context, it is also important to
remember that China's reforms started with
agriculture, while Bangladesh by navigating a
similar route has evidenced an impressive growth
trajectory. India, however, till date has been
procrastinating on its agricultural reforms. But for
achieving its dream of becoming a manufacturingled economy, it needs to leverage the purchasing
power of its rural people, and hence work towards
augmenting rural incomes. Investment in
infrastructure, education, skills and health is a key
step to achieve higher productivity, besides
investing in agri. R&D. Other important measures
include breaking the archaic subsidy syndrome,
and liberating the markets from longstanding
restrictive policies.
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State of Agricultural Households in India
Evidence from Situation Assessment Survey 2018-19
With an increasing scope of augmenting farmers' income being in livestock agriculture, Indian
agricultural policies need to look beyond government procurement and price support for the
crop sector.
Ranjana Roy and Ashok Gulati

The National Statistical Ofce (NSO) has released
its Situation Assessment Survey (SAS) of Agricultural
Households for the year 2018-19. Conducted
earlier only for two years 2002-03 and 2012-13, this
particular survey data has received a lot of
attention from politicians and policy makers, ever
since Prime Minister Narendra Modi, after two
successive draughts in 2014-15 and 2015-16, had
set out an ambitious target to double farmers'
incomes by 2022-23, in 2016. The statement was
followed by a committee to devise a strategy for
doubling farmers' income (DFY), under the
chairmanship of Ashok Dalwai. The committee
claried that the PM's goal was to double farmers'
real income by 2022-23 over its 2015-16 income
level. In light of this announcement the logical next
step was to investigate the level and composition
of farmers' income and the required growth rate in
real terms to double it in the next ve years. In real
terms (applying consumer price index for
Agricultural labour (CPI-AL) in 2020-21 prices)
farmers' income grew at 3.5 per cent per annum in
the period of 2002-03 to 2012-13. To achieve PM's
goal, the remaining years until 2022-23, farmers'
real income was necessary to increase by about 13
to 15 per cent per annum. Hence, the recent
release of the SAS 2018-19 offers a mid-term
evaluation of PM's promise.
An estimate of farmers' income is the most
important indicator of the wellbeing of farmers and
a temporal data is essential for any detailed
analysis. However, it is available at four points of
time, 2002-03, 2012-13, 2015-16 and 2018-19. Of
these SAS is available for 2002-03, 2012-13 and
2018-19, while 2015-16 data comes from the AllIndia Rural Financial Inclusion Survey (NAFIS),
conducted by National Bank for Agricultural and
Rural Development (NABARD). The denition of
'farmer' in all these surveys vary somewhat from
each other. In SAS 2002-03, a farmer was dened as
a person who operates some area of land and is
engaged in agricultural activities in the last 365

10

days. As per SAS 2018-19, however, agricultural
households are those, who receive value of
produce worth more than Rs. 4000 from agricultural
activities and have at least one member selfemployed in agriculture in the last 365 days. SAS
2012-13 and NAFIS 2015-16 ascribed Rs. 3000 and Rs
5000 as the benchmark for the value of produce,
respectively. However, as farmers' data is only
available in four points of time, researchers are left
with no choice but to use these surveys for analysis,
ignoring these minor differences in denitions.
Trends and Composition of Farmers' Income
Agricultural Households' income increased both in
nominal and real terms. In 2002-03, an average
Indian farming household earned about Rs 2115 (Rs
6830 in 2020-21 prices), which increased to Rs
10,218 in 2018-19 (Rs. 11,572 in 2020-21 prices)
[Figure 1]. But the rate of growth of income is very
low compared to what is required to double
farmers' income.
In nominal terms the compound annual growth
rate (CAGR) turns out to be 8 per cent between
2012-13 and 2018-19. But the real income growth
rate will capture the true picture, and for that the
choice of deator becomes critical. If nominal
incomes are deated by using CPI-AL, which
should be the logical choice (Dalwai Committee
also used CPI-AL to forecast required growth rate
to double farmers' income), then the CAGR turns
out to be just 3 per cent (for 2012-13 to 2018-19). If
one uses WPI (wholesale price index of all
commodities), the CAGR in real incomes turns out
to be 6.1 per cent [Figure 2].
As per SAS, an average Indian farmer has four
major sources of incomes i) income from
cultivation ii) income from farming of animals iii)
wages and salaries iv) income from non-farm work.
In the latest round of the surveys, information on
income from "leasing out of land" was also
collected.
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The statistics reveals some interesting facts:
i)Share of income from cultivation has fallen over the
years from 46 per cent in 2002-03 to 38 per cent in
2018-19. In the same period income from livestock
sector (that includes dairy, poultry/duckery, piggery,
shery) income has increased quite substantially from
4 per cent to 16 per cent.
ii)The share of income from wages and salaries
shows an opposite trend vis-à-vis the income from
cultivation. Initially share of income from wages
and salaries declined from 39 per cent in 2002-03 to
32 per cent in 2012-13. Then in 2015-16 the share
increased to 50 per cent, but again fell to 40 per
cent in 2018-19. It may be important to note that
2002-03 and 2015-16 were drought years with -18.6

per cent and -15.2 per cent deviation of rainfall
from long period average (LPA), respectively.
Crop failures in drought years force farmers to
move to wage employment. This may be a possible
explanation for higher share of income coming
from 'wages and salaries' in 2002-03 and 2015-16.
iii)Non-farm sector component is the smallest and it
has grown at the slowest rate. [Figure 3]
iv)An interesting observation to note is that
agricultural households belonging to marginal and
small landholding classes, earned major share of
their income from “wages and salaries” and
“farming of animals”. With increase in landholding
size, the share of income from cultivation
increases.

Figure 3: Composition of Income
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Farmers' Income: State-wise Analysis
Disaggregated state level analysis shows wide
variation in average agricultural household
income. The highest incomes were earned by
Meghalaya (Rs.29,348) farmers followed by Punjab
(Rs. 26,701), Haryana (Rs. 22,841), Arunachal
Pradesh (Rs.19,225) and Jammu & Kashmir
(Rs.18,918). Lowest incomes were earned by
farmers in the eastern states of Bihar (Rs. 7,542),

West Bengal (Rs.6,762), Odisha (Rs.5,112) and
Jharkhand (Rs.4,895). This is the rst time that a state
(Meghalaya) has surpassed Punjab in terms of
average agricultural household income. The
picture becomes even more interesting if we
normalize the income by dividing it by average
area operated per holding. States specializing in
high value agriculture performs better and their
income is not protected with MSP mechanism
[Figure 4].
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Figure 4: Farmers' Average Monthly Income per ha of Average area Operated per Holding

Source: SAS 2018-19, MOSPI
Note: Estimate of Average operated area from SAS differs from the values provided by Agricultural Census. For states
like Punjab, Rajasthan, Gujarat and Haryana this difference is even higher. This issue needs to be resolved.

State wise analysis shows that the eastern states of
Bihar, Jharkhand, Odisha and West Bengal, along
with having lowest average income, also have
experienced very low-income growth between
2002-03 and 2018-19. In fact, the states of
Jharkhand and Odisha are estimated to have
negative income growth of -0.4 per cent and -3.6
per cent in real terms, respectively. This implies that
these states not only started with a low base but
have remained trapped in their situation, with no
improvement.
Agriculture GDP Growth Rate versus Farmers'
Income Growth Rates
Farmers' income growth rate is calculated
following compound annual growth rates (CAGR)
as temporal data is not available for this indicator.
Obviously, in such point-to-point comparisons, the
situation in the base year and terminal year
inuences the growth rates dramatically. A better
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method would have been to look at average
annual growth rates (AAGR) if yearly data was
available. The AAGR for agri-GDP is available and
at all India level, from 2002-03 to 2018-19, it turns out
to be 3.3 per cent, which is very close to the real
income growth (CAGR) of 3.4 per cent for the
same period [Figure: 5].
However, at state level, the variation is more as state
agriculture faces severe volatility owing to irregular
rainfall, especially in states that have much lower
level of irrigation. For example, Punjab with nearly 99
per cent of area under irrigation will have much
more steady income than say Maharashtra or
Odisha with just 19 per cent and 27 per cent
irrigation cover, respectively. The huge gap
between agriculture GDP growth and farmers'
income growth is highest for states like Jharkhand,
Gujarat, Madhya Pradesh and Kerala. A closer
investigation at the state level reveals that Gujarat
(27 per cent), Saurashtra and Kutch region (37 per

cent), east Madhya Pradesh (18 per cent), west
Madhya Pradesh (11 per cent) and Jharkhand
(31per cent) had experienced decient rainfall visà-vis the LPA in 2018-191; while severe ood affected

Kerala in 2018-19. Consequently, a closer look at
year-on-year agricultural growth rates of these
states reveals that all of them achieved negative
agriculture growth rate in 2018-19 over 2017-18.

Figure 5: Farmers' Income and Agriculture Growth Rates (per cent)
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Policy Recommendations:
The scope for raising farmers' incomes is going to be
increasingly from the livestock sector. More than 70
per cent of the agricultural households in India holds
less than 1hectare (ha) of land. Lesser the holding
size, higher is the contribution of income from
livestock sector. There is no minimum support price
(MSP) and procurement mechanism for livestock
commodities. Entire system is demand driven and
much of its marketing takes place outside
Agricultural Produce Market Committee (APMC)
mandis. This trend will continue in the years to come.
Major revamping is needed in the agriculture
policies, which is currently biased towards the crop
sector. Endlessly raising MSP of grains and
government procurement, regardless of the fact
that grain stocks with the government are already
abundant and more than double of its buffer stock
capacity, is not a sustainable solution. Policies to
augment (if not double) farmers' income should be
directed towards dairy, piggery, poultry, duckery,
shery etc. as major share of income is contributed
by the livestock sectors for marginal farmers.
Investment should be directed towards
technological innovations to upgrade breeding

through cutting edge reproduction management
technologies. However, livestock agriculture is one
of the major sources of methane, a powerful
greenhouse gas. In order to reduce emission of this
gas, farmers need to increase productivity of
livestock and provide a balanced diet for them.
Waterlogged areas, saline water bodies should be
used for development of sheries. Backyard Poultry
generates additional income, also improves
nutrition of poorest section. Until now there has been
little support through 'Rural Backyard Poultry
Development' program for below poverty line (BPL)
families. Government should provide capital
assistance to exploit untapped potential in the
sector.
Development of horticulture must be backed by
proper processing, grading and packaging
infrastructure. Employment avenues should be
created in these areas outside farming especially
for the small and marginal farmers earning
subsistence income from crop cultivation.
Another potential source of income is from leasing
out of land. Farmers with less than a hectare of land
can earn some extra income by leasing out of land,
while farmers with comparatively bigger piece of

1

The ﬁgures in the parentheses indicate percentage deviation of rainfall from its long period average in the Meteorological Subdivisions.
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land can create an economically viable size of the
holdings by leasing in. Land lease market needs to
be opened and the rights of both owner and tenant
should be protected. A farmer is protected only
when the land record is in order.
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POSHAN for the 'Last-Mile'
To leverage the potential for food fortication in combatting malnutrition, India needs
multipronged intervention strategies encompassing nutrition-education-health and hygiene.
Shyma Jose, Ritika Juneja, Ashok Gulati

India has entered its 75th Independence Day on
August 15, this year. As we reect on this long and
eventful journey since 1947, there is perhaps no
denying that the volte-face from food-aid
dependency to self-sufciency in food production
has been the most remarkable achievement of
independent India.
Yet underlying this success is a grave and rising
concern as to whether the growth in food
production can address our mandate of 'last mile
nutrition' – that is, to achieve the target of
eliminating all forms of malnutrition under the
United Nation's Sustainable Development Goal 2
(Zero Hunger) by 2030.
State of Malnutrition in India
According to the report on 'the State of Food
Security and Nutrition in the World' (2021), it is worth
emphasising that India accounts for the largest
number of undernourished people in the world
(208.6 million). Besides, India has the highest share
of stunted (36.1 million) and wasted children (20.1
million) globally (FAO et al. 2021). Further, as per
the latest National Family Health Survey (2019-20),
there is an increase in the prevalence of

malnutrition at the state level including stunting
(low-height- for-age), wasting (low weight-forheight), and underweight (low weight-for-age).
For instance, Meghalaya, Nagaland, Telangana,
Himachal Pradesh, West Bengal, Tripura, Goa and
Kerala illustrate an increase in the prevalence of
stunting among children under ve years of age
between 2015-16 and 2019-20 (see Figure 1a).
Similarly, the prevalence of underweight has
increased in Gujarat, West Bengal, Assam,
Telangana, Himachal Pradesh, Nagaland, Jammu
and Kashmir, Kerala and Mizoram during the same
period (Figure 1c). The weighted average (for 18
states)2 shows that about 35 per cent of children
below 5 years of age were stunted, 21 per cent
were wasted and 34 per cent were underweight in
2019-20.
At this rate of progress, the gap to achieve the SDG
goal of ending all forms of malnutrition by 2030
seems to be widening. Moreover, these ndings
corroborate with a recent study by Kharas et al.
(2018) that points, if shortfalls in current trajectories
are not corrected, India will account for 26 per
cent of the world's malnourished people (more
than 660 million people) in 2030 under business-asusual projections.

Figure 1: Status of malnutrition in India: NFHS 4 (2015-16) and NFHS 5 (2019-20)
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Till now, NFHS 5 has provided anthropometric data for 18 states (as on October 5th, 2021). To compute the weighted average of 18 states, we have used the 2019
state-wise projected population from the Population Projection of Census 2011 (published by MoH&FW, 2019) as weights.
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1c. Prevalence of Underweight ( per cent)
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Bio-fortifying for the 'Last-mile'
In his address to the nation on August 15, 2021,
Prime Minister Narendra Modi made an important
announcement to ensure 'poshan' (nutrition) to all
poor women and children of the country, as a part
of the National Nutrition Mission. Under aegis of
government support schemes like National Food
Security Mission, ICDS, Mid-day meal, etc. fortied
rice will be provided to all the poor by 2024. The
PM's commitment towards food fortication is a
step forward towards alleviating malnutrition,
since food fortication is one of the most costeffective and sustainable strategies to attack the
prevalence of anaemia and malnutrition in India,
3

by supplementing the diets for the vulnerable
section of the population with missing vitamins,
minerals and micronutrients through commonly
consumed staples such as rice, wheat our, salt,
and milk (Department of Food & Public Distribution,
2021).
A recent study by Raghunathan et al. (2020)
estimated that 45-64 per cent of rural poor cannot
afford a nutritious diet highlighting the abysmal
scenario of nutritional insecurity in India.
Simultaneously, the piecemeal approach of the
governments' food-based welfare programmes
including the mid-day meal (MDM) scheme, the
anganwadi system under the Integrated Child

For more details, refer to the report on Achieving Nutritional Security in India: Vision 2030.
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Development Scheme (ICDS), and subsidised food
grains through the public distribution system (PDS),
has not been able to make a signicant dent in
improving the nutritional status of the population
(Jose et al. 2020). In view of such evidences, we
thus recommend that the focus of food distribution
programmes needs to shift from 'calorie
fundamentalism' to providing a nutritious diet such
as coarse grains, pulses, and millets; and for
ensuring the availability of a nutritious diet in areas
affected by chronic malnutrition, adoption of
innovative techniques such as bio-fortication,
can go a long way.
According to the HarvestPlus programme of the
Consultative Group for International Agricultural
Research, "biofortication is the process of
conventionally breeding food crops that are rich in
micronutrients, such as vitamin A, zinc, and iron.
These crops "biofortify" themselves by loading higher
levels of minerals and vitamins in their seeds and
roots while they are growing" (HarvestPlus, 2020).
Globally, this programme has released more than
290 varieties of 12 staple food crops across 40
countries, benetting over 48 million people. In
India, they are working closely with the scientists of
the Indian Council of Agricultural Research (ICAR),
State Agricultural Universities (SAUs), seed
companies, farmer organizations, etc. for
accelerating production and access to iron-rich
pearl millet and zinc-rich wheat to the poor.
Furthermore ICAR, through its independent
research, has so far developed 71 cultivars of
cereals, millets, pulses, oilseeds, vegetables, fruits
through plant breeding (ICAR, 2020a). These bio
fortied crops are reported to have 1.5 to 3 times
higher levels of protein, vitamins, minerals and
amino acids than the traditional varieties (ICAR,
2020b). Also, a research team at the National AgriFood Biotechnology Institute (NABI), Mohali, has
innovated bio-fortied coloured wheat (black,
blue, purple) through crosses between HY Indian
cultivars (PBW550, PBW621, HD2967), blue wheat
(TA3972) and purple wheat (TA3851) obtained
from the Wheat Genetics Resource Centre of the
Kansas State University, USA, and the exotic
germplasm (EC866732) of black wheat obtained

from Tottori University, Japan. These varieties are
reported to be exceptionally rich in anthocyanins4
(40-140 ppm) and zinc (35-38 mg per 100 g)
(Sharma et al., 2018). Recently, the Prime Minister
has also released 35 climate resilient crop varieties,
developed by ICAR, including biofortied varieties
of wheat, maize, chickpea, pearl millet and
quinoa, buckwheat, faba bean and winged bean,
to address the twin challenges of climate change
and malnutrition (PIB, Government of India, 2021).
Last-Mile Delivery: A multi-pronged approach
Food fortication alone, however, cannot tackle
the multi-dimensional problem of undernutrition.
Household food security and access to a nutritious
diet capture only one aspect of malnutrition, while
adequate care, a healthy household
environment, access to health care services and
socio-economic factors should be equally
prioritised in combating the malice of malnutrition.
The need, therefore, is of multi-pronged strategies
that can accelerate India's progress to be
malnutrition free.
While lack of a diverse diet and frequent meals
have signicant impact on stunting, consequent
micronutrient deciency results in increased
morbidity and mortality among children.
Evidences suggest that less than a quarter of Indian
children (aged 6-23 months) could afford minimum
dietary diversity and only one-tenth were fed a
minimum acceptable diet (NFHS, 2015-16). In
tandem, under-nutrition is the leading cause of
under-ve deaths in India, accounting for 68.2 per
cent of total under-ve deaths in 2017 (India StateLevel Disease Burden Initiative Malnutrition
Collaborator Report, 2019). Undernutrition
coupled with anemia among women before and
during pregnancy causes poor intrauterine growth
and stunting. In 2015-16, 58.6 per cent of children
aged 6-59 months and 53.1 per cent of women
aged 15-49 years were anemic. Focused and
targeted initiatives to improve access to
micronutrients through antenatal care (ANC),
health services for adolescents, nutritional
counselling and micronutrient supplementation
should be prioritised.

4

According to nutrient requirements and the recommended dietary allowance (RDA), anthocyanins are antioxidants that prevent oxidative damage and help in
delaying ageing and reducing cancer and help prevent cardiovascular diseases, diabetes and other disorders (NABI, 2018).
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Promotion of exclusive breastfeeding for the rst six
months is essential for optimal growth and survival
of infants. However, only 55 per cent of children in
India were exclusively breastfed in 2015-16.
Through infant and young child feeding guidelines,
ICDS, National Breastfeeding Promotion
Programmes and comprehensive awareness
programmes, the state governments need to
impose restrictions to reduce unethical marketing
of breastmilk substitutes and ensure support for
breastfeeding.
In addition, postnatal nutritional interventions
including immunisation of children are found to
have a positive effect on the nutritional status of
children (Menon et al., 2018, Gulati et al. 2012).
However, more than one-third of Indian children
did not have access to basic vaccination in 201516 even after the government's numerous efforts.
This necessitates tough and effective monitoring to
ensure routine vaccination coverage.
Studies, such as Jose et.al (2020), suggests that
mothers' education is strongly associated with the
nutritional outcomes of children as well as child
mortality indicators. Higher education among
women strongly correlates with women autonomy
in decision making, sanitation and hygiene, and
child caring practice (ibid.). In this context,
targeted programmes for improving the
educational status of girls, particularly at the higher
educational levels and fostering women's
empowerment need to be promoted.
Simulta neous ly , innov a tiv e s tra tegies tha t
integrate education and nutrition programmes
hold great importance in combating malnutrition
problem. An example at hand is of the Water,
Sanitation and Hygiene (WASH) initiatives in
schools that have not only improved access to
education and reduced dropout rates, especially
among girls, by providing them a safe and
equitable environment (ibid.), but also have
potential of improving nutritional outcomes via the
multiplier effect from synergising the WASH
initiatives with nutritional interventions. In a similar
vein, while the remarkable progress achieved in
programmes like Swachh Bharat Abhiyaan and
Jal Jeevan mission can be leveraged to improve
nutritional outcomes in the coming years,
compulsory inclusion of information for holistic
nourishment and child care in the school
curriculum can strengthen women's knowledge
base regarding (i) colostrum; (ii) continued
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breastfeeding; (iii) diarrhoea prevention and
treatment using Oral Rehydration Solution (ORS);
(iv) child immunization; and (v) family planning
(Gulati & Juneja, 2021).
To harness the emerging potential of bio-fortied
foods for achieving or last mile nutrition mandate,
policies for augmenting expenditure on
agricultural research and development (R&D),
and or those for strengthening sustainable value
chains and distribution channels, need to be
dovetailed with supplementary initiatives for
awareness generation at the community level.
India has a history of successful national awareness
drives like the 'Salt Iodisation Programme',
launched by the government in 1962 to replace
ordinary salt with iodised salt. Lessons from such
success stories can play a critical role in scaling up
the nutritional interventions of current times (Gulati
& Juneja, 2021). But equally important is building
social and human capital by increasingly investing
in women's education and sanitation facilities
(Gulati & Khurana, 2020).
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WITHER WE ARE BOUND
Clean Agriculture, Green Agriculture
How can India mitigate the challenges of agricultural emissions while ensuring a robust sectoral
growth?
Bharat Sharma, Purvi Thangaraj, Ashok Gulati

The ndings from the IPCC Working Group-I Sixth
Assessment Report (IPCC, 2021) is the biggest
wakeup call we all needed against global
warming and climate change. The report
underlines how critical the next decade is, "unless
there are immediate, rapid and large-scale
reductions in greenhouse gas (GHG) emissions,
limiting warming to close to 1.5 degrees Celsius or
even 2 degrees Celsius will be beyond reach"
(IPCC, 2021, pp 1). With this, countries under the
Paris Agreement are faced with the imminent
need to submit their new or updated Nationally
Determined Commitments (NDCs), describing
their countries' emission reduction and resiliencebuilding efforts for the coming years. The current
NDCs are far from being ambitious enough, as
these do not specify any measurable sectoral
emission reduction targets.
India, with a total annual emission of 2.59
Gigatonnes (Gt) carbon dioxide equivalent (CO2
eq.), is way behind China (10.0 Gt) and the United
States (5.2 Gt). Given this, and as a developing
nation, India has dened its NDC commitments not
in terms of absolute reduction in GHG emission but
in terms of how much it will reduce its emissions as it
grows economically. As per the NDCs submitted to
the United Nations Framework Convention on
Climate Change (UNFCCC) on November 2, 2016,
India has committed to "reduce emission intensity
of its GDP by 33 to 35 per cent by 2030 from 2005
level" (MoEF&CC, 2015, pp 29). India has
committed the following three major actions to
realize the emission intensity targets:
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i.

Increase the percentage of non-fossil-fuels
(renewable and hydel energy) to about 40 per
cent in the overall energy mix of the country.

ii.

Improve energy efciency, both in production
and utilization, across all sectors.

iii. Create an additional carbon sink of 2.5-3.0
billion tons of CO2 eq. through additional forest
and tree cover (positive Land Use and Land
Use Change & Forestry (LULUCF) changes).
India's GHG emissions have increased from 1.4 Gt
of CO2-equivalent in 2005 to 2.6 Gt in 2016,
presumably in tandem with the country's
economic growth. Of the total GHGs emitted in
India, 78.6 per cent comprise of CO2, 14.4 per cent
methane, 5.1 per cent nitrous oxides, and 1.9 per
cent other gases (MoEF&CC, 2021).
Agriculture sector accounts for 14 per cent of the
GHG emissions in India (Figure 1), it is preceded by
electricity production (44 per cent), and
manufacturing industries and construction (18 per
cent), and is followed by the transport (13 per
cent), industrial processes and product use (8 per
cent) and the waste sector (3 per cent). A sector
wise composition of GHG emissions for the period
1994 to 2016 reveal that emissions due to energy
production increased by three times whereas the
total emissions increased by 2.34 times, and
emissions through the agriculture sector by only 1.2
times during this period (MoEF&CC, 2021).

Figure 1. Sector wise national GHG emissions in India
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Source: MoEFCC. (2021). India: Third Biennial Update Report to the United Nations Framework Convention on
Climate Change.

GHG Emissions and Indian Agriculture
While the share of agricultural emissions in total
emissions declined from 28.3 per cent in 1994 to
14.4 per cent in 2016, it increased at a compound
annual growth rate (CAGR) of 0.77 per cent
(MoEF&CC, 2021). Methane emission due to
enteric fermentation by the livestock (54.6 per
cent), and anaerobic conditions during rice
cultivation (17.5 per cent), and nitrous oxide
emissions from application of nitrogenous fertilizers
in agricultural soils (19.0 per cent), together
account for 91 per cent of GHG emissions from
agriculture in 2016 (Figure 1). Emissions from the
burning of crop residues, though at only 2.1 per
cent of the total agricultural emissions in 2016, are a
matter of concern, especially in northern India, for
some times now.
As of 2018, Indian livestock population of 537 million
is the largest in the world (20th Livestock Census of
India, 2019). Estimated methane emissions by India
and the world in 1961 and 2010 were 8.38, 14.3,
61.5, and 94.9 109 kg, respectively. The
percentage increase in the enteric methane
emission by Indian livestock was greater than from
the global livestock population (71 per cent vs. 54
per cent), between the years 1961 and 2010 (Patra,

2014). Average national GHG emission from
livestock is estimated to be 45.54 kg CO2 eq. per
kilogram (kg) of mutton meat, and 2.4 kg CO2 eq.
per kg of milk (Vetter et al., 2017).
On the other hand, methane emission from the
continuously irrigated and ooded (anaerobic
conditions) rice cultivation is the other dominant
contributor to anthropogenic GHG emissions. The
GHG emissions from rice cultivation during 2016
accounted for 71.322 million tonnes CO2 eq.
(MoEF&CC, 2021), which might have increased to
72.329 Mt CO2 eq. (estimated) during 2018-19. The
largest emissions were coming from continuously
irrigated (23.61 Mt CO2 eq.) and deep-water
paddy located in the states of West Bengal, Uttar
Pradesh, Odisha, and Bihar (Bhatia et al., 2013).
Over the years, the increased use of syntheticnitrogen fertilizers - mainly over-application of
highly subsidized urea, comprising about 84 per
cent of the total fertilizer N-application of 17 Mt has led to an increase in N2O emissions (about 300
times more potent than CO2 in terms of global
warming potential). It increased by approximately
358 per cent between 1980-81 and 2014-15,
growing at the rate of about 5100 tonnes/ year
(FAI, 2017). Further, burning of crop residues emit
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large amounts of particulate matter (PM2.5 and
PM10) and carbon mono-oxide into the
atmosphere (TERI 2019). The scale of crop residue
burning now stands at about 127.50 Mt/annum5
(15.4 per cent of the total crop residues) of which
rice straw alone constitutes 45 Mt. Contribution
from stubble burning to PM2.5 levels in Delhi has
increased from 25 per cent in 2017 to 42 per cent
in 2020; and PM2.5 emitted from stubble burning
in just 60 days (during October to December) is 45 times higher than what all Delhi vehicles emit in
the entire year (Jethva et. al., 2019).
Cumulatively, these emissions acquire
dangerous proportions to degrade the air
quality, stimulate global warming, and disrupt
global and regional climate systems and the
environment as a whole. More visible impacts
include reduced crop yields (most of the cereal
crops and more notably irrigated rice, from 9 to
18 per cent), upward shifting of the apple and
other temperate fruit belts to cooler areas,
reduced production of tea in mid-hills, and
declining health and productivity of dairy
animals and small ruminants. Only in milk
production, the projected losses are to the tune
of INR 12 billion/annum in the Indo-Gangetic
plains (Aggarwal, 2020).

Mitigating Agricultural Emissions: Way Forward
Agricultural emissions are challenging to
address, as we need to maintain a robust
economic growth of the farms and the farmers.
Indian analysts have supported improved water
management in rice, adoption of zero tillage
and laser land leveling of irrigated elds,
stopping/ reducing of crop residue burning and
improved fertilizer management in the crop
sector. Provision of green fodder supplement
and manure management for biogas
production for large ruminants, and high ber
diet for pigs and improved diet management for
small ruminants in the livestock sector are among
the top 15 GHG-efcient farming practices that
has a global mitigation potential of 3841 Mt CO2
eq. with minimal cost (Ahmed et al., 2020).
Based on these ndings and analysis, we propose
four-fold pathways for the reduction of GHG
emissions that can potentially foster higher and
sustainable productivity at minimal additional
costs.
The mitigation potential of the various
interventions in tandem with our recommended
pathways is further summarized in Table 2.

Figure 2. Pathways for GHG-emission mitigation in Indian agriculture

Pathways for GHG emission mitigation
in agriculture
4. Feed, health and manure
management for the
livestock

5

Estimated by authors from IPCC, 1996; Streets et al., 2003, Venkatramanan, et al. 2021
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Table 2. Interventions and their GHG mitigation potential for Indian agriculture

Pathway#
(as per
Figure 2
above)
1

2

3

4

Intervention

1. Reduction in farm energy and
replacement with green energy:
-Replacement of 2.1 million pump sets
with 5-star rated pumps by 2030.
-Installation of 2 million off-grid solar
pumps (replacing diesel pumps)

Mitigation
potential, Mt
CO2 eq. per
year
3.4
27.0

Remarks

Savings of 5460 million units of
power and pump maintenance
costs.
Savings of 1.2 billion tonnes of
diesel

2. Direct seeding of rice in the top 5
per cent of the districts (15 districts)

9.9

Saving of 73.2 million women
labour days

3. Improved water management in 20
Mn ha of irrigated rice fields

55.2

Farmers net saving of INR 68.9
million

4. Phasing out of rice crop residue
burning with the target year of 2030

6.3

Large health and environmental
benefits-improved soil health

5. Improved N-fertilizer use efficiency
in 100 Mn ha of GCA.

12.3

Lower and targeted
application, reduced subsidies

6. Improved livestock feed and
manure management for 25 per cent
of the large ruminants (cattle and
buffalo):
i. Green fodder supplement
ii. Concentrate feeding
iii. Molasses urea product feeding
iv. Improved manure management
and biogas production
Total

4.1
9.7
9.7
40.1

178.7

Improved health and
productivity of the livestock.
Makes the rural landscape
energy secure, reduced
drudgery for women. The
interventions bring net benefits
to the livestock and dairy
farmers.

Reduces the emissions by 43.8
per cent from the 2016 level.

(Source: Authors own estimates based on Aggarwal et.al 2020, Ahmed et.al 2020, MoEF&CC 2015, GOI 2019,
Vetter et.al 2017)

India has not yet made sectoral allocations for
emission reduction, but assuming a proportionate
responsibility, Indian agriculture should strive to
reduce the carbon emissions by about 140 Mt CO2
eq. by 2030. These methods (as suggested in the
four-fold pathway) with implementation in the
prioritized districts shall help in reducing the
emissions from the agriculture sector by 178.7 Mt
CO2 eq. per year- sufcient to reduce the existing
emissions by 44 per cent and thus meet the
commitments under the Paris Climate Agreement

in respect of the agriculture sector.
Besides these four major pathways, the GHG
emissions from agriculture also depend upon what
we produce, what we eat and how do we handle
our food. A gradual transition from the large
ruminant meat as a source of protein towards
poultry and sh, and a vegetarian diet with
minimum wastage of food along the supply chains
and especially at home shall help in sustainable
mitigation of the emissions; and improve the
environment and the lifestyle.

23

References
Ÿ

Ÿ

Ÿ

Ÿ

Ÿ

Aggarawal, P.K., Roy,J., Pathak,H., Kumar,S.N.,
Venkateswarlu,B., Ghosh, A., Ghosh, D. 2020.
Managing climate risks in agriculture. National
Dialogue towards Agriculture 2030. NITI Aayog,
Pp.19.
Ahmed, J., Almeida, E., Aminetzah, D., Denis, N.,
Henderson, K., Katz, J., Kitchel, H., Mannion, P.
2020. Agriculture and climate change:
reducing emissions through improved farming
practices. McKinsey & Co., USA. pp.52.
Bhatia, A., Jain, N., Pathak, H. 2013. Methane
and nitrous oxide emissions from Indian rice
paddies, agricultural soils, and crop residue
burning. Greenhouse Gases-Science and
Technology, 1-16. DOI: 10.1002/ghg.1339.
FAI. 2017. Fertilizer Statistics of India. Fertilizer
Association of India, New Delhi (accessed
through:
https://www.faidelhi.org/statistics/statisticsreports)
IPCC, 2021: Climate Change 2021: The
Physical Science Basis. Contribution of Working
Group I-Sixth Assessment Report of the
Intergovernmental Panel on Climate Change
[Masson-Delmotte, V., P. Zhai et al.,
Cambridge University Press. In Press.

Ÿ

Jethva, H., Torres, O., Field, R.D. et al. 2019.
Connecting crop Productivity, residue res,
and air quality over northern India. Sci Rep 9,
16594. https://doi.org/10.1038/s41598-01952799-x

Ÿ

MoEF&CC 2015. India's Intended Nationally
Determined Contribution: Working Towards
Climate Justice

24

Ÿ

MoEF&CC.2021. India: Third Biennial Update
Report (BUR) to the United Nations Framework
Convention on Climate Change. Ministry of
Environment, Forest and Climate Change,
Government of India. pp. 501.

Ÿ

GoI. 2019. 20th Livestock Census- Key Results.
Ministry of Fisheries, Animal Husbandry &
Dairying. Government of India. New Delhi,
pp.62.

Ÿ

Pathak H, Bhatia A and Jain N. 2014.
Greenhouse Gas Emission from Indian
Agriculture: Trends, Mitigation, and Policy
Needs. Indian Agricultural Research Institute,
New Delhi. p39.

Ÿ

Patra, A.K. 2014. Trends and projected estimates
of greenhouse gas emissions from Indian
livestock in comparison with greenhouse gas
emissions from world and developing countries.
Asian-Australasian J. Animal Science, 27(4): 592599.

Ÿ

TERI. 2019. Development of Spatially Resolved
Air Pollution Emission Inventory of India. New
Delhi: The Energy and Resources Institute.

Ÿ

Vetter, S.H., Sapkota, T.B., Hillier, J., Stirling, C.M.,
Macdiarmid, J.I., Aleksandrowicz, L. Green, R.,
Joy, E.J.M., Dangour, A.D., Smith, P., 2017.
Greenhouse gas emissions from agricultural
food production to upply Indian diets:
implications for climate change mitigation.
Agric. Ecosyst. Environ. 237, 234-241.
https://doi.org/10.1016/j.agee.2016.12.02

Natural Farming as a National Policy: Case of ZBNF in India
India needs to follow a more robust approach before any large-scale adoption of ZBNF
Mahima and Sandip Das

The Green Revolution has been instrumental for
India's self-sufciency in food grains production
since circa 1960, mainly from raising yields. The
drivers of this phenomenal achievement have
been better access to higher-yielding variety of
seeds, chemical fertilizers and assured irrigation,
coupled with strong economic incentives for
production in the form of price support and input
subsidies. Yet four decades after the Green
Revolution, while India has emerged as a leading
producer of several crops, globally, our relative
performance in terms of productivity is rather poor.
Back at home, depleting soil fertility and ground
water levels are the major challenges faced by
agriculture today, especially in those states that
had once reaped the benets of the seed-fertilizerirrigation package towards bumper production of
food crops. Overall, as productivity plateaued
over time, Indian farmers have resorted to an
imbalanced application of synthetic nitrogenous
fertilizers, causing more harm than improvement to
soil health.
Against this backdrop, several government
schemes for augmenting and/or doubling farmers'
income by 2022, such as the Pradhan Mantri Krishi
Vikas Yojana (PKVY) and the Rashtriya Krishi Vikas
Yojana (RKVY), have evidenced the incorporation
of a component of training farmers in natural/
organic farming approaches to promote
protable and sustainable agriculture. In this vein,
'Zero Budget Natural Farming' (ZBNF)6, currently
referred to as 'Bhartiya Prakritik Krishi Padhati'
(BPKP, a sub-scheme under PKVY), is getting
signicant traction from the government.
ZBNF: A Natural Farming Technique
A subset of the natural farming principles viz. using
traditional seeds and no crop chemicals, minimal
intercession, 5-layered cropping, maintaining a
crop cover all-round the year, and intercropping
for creating a forest-like self-sustaining ecosystem,

ZBNF as a chemical and pesticide-free approach
has garnered standalone attention in the natural
farming discourse in India through Subhash
Palekar, an agriculturist from Maharashtra. Palekar
suggests a few additional elements to catalyse the
transformation into natural farming, popularly
known in the name of Beejamrit (seed-microbial
coating), Jeewamrit (soil-microbial enhancer),
Waaphasa (soil-aeration), and Acchadana
(Mulching) - formulations from indigenous
cowpats, jaggery, gram our, etc.
Potentially, a low-cost farming technology that
can improve the soil quality and reduce water
usage7, ZBNF is perceived as a means for doubling
farmers' income (PTI, 2018). While the Finance
Minister, Nirmala Sitharaman, in her budget
speeches (2019-20, and 2020-21), suggested ZBNF
for 'going back to the basics', Prime Minister,
Narendra Modi, has referred to it as India's strategy
against the climate change battle, at the 14th UN
Conference to Combat Desertication (UNCCD)
(The Wire Staff, 2019).
Adoption and Gains
As Table 1 suggests, in the various states that have
adopted ZBNF (or BPKP), the adoption rate
measured as the share of total cultivable land
under ZBNF is very low (ranging from 0.02 per cent
of the total cultivable land in Tamil Nadu to 3.25 per
cent in Kerala in 2016-17). Also, in all of these states
only a meagre share (less than 1 per cent) of the
total amount released under income support
schemes (like PKVY and RKVY) seem to be
earmarked towards this particular practise of
natural farming. Even in states like Andhra Pradesh,
which besides utilizing the existing PKVY and RKVY
schemes is also raising funds from imminent
organizations like the Azim Premji Foundation and
German KfW Bank, proclaiming to become entirely
natural by 2027, or Himachal Pradesh that has
adopted natural farming in 2018, the scenario is no
different for ZBNF.

6

To maintain uniformity with existing research we have used the term ZBNF in the entire article.
ZBNF requires only 10 per cent of the irrigation water needed in conventional farming (PTI,2018)

7
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Table 1: State-wise status of ZBNF

States

Agricultural area/cultivable
land (2016-17) and share of
ZBNF therein (in
parentheses)
('000ha)a

Amount
released under
BPKP(Rs.
crore)b

Total amount released
PKVY+RKVY since 2015-16
(Rs. crore)*c

Andhra Pradesh

9047
(1.11)

7.5

22798.4
(0.03)

Chhattisgarh

5558
(1.53)

13.5

3006.26
(0.45)

Kerala

2584
(3.25)

13.4

2107.85
(0.63)

Himachal Pradesh

813
(1.48)

2.9

2030.27
(0.14)

Jharkhand

4367
(0.08)

0.5

1078.13
(0.05)

Odisha

6690
(0.36)

3.8

6993.81
(0.05)

Madhya Pradesh

17231
(0.57)

7.9

13726.09
(0.06)

Tamil Nadu

8110
(0.02)

0.3

2912.12
(0.01)

*Figures in parentheses represent the share of BPKP in the total sum released under PKVY+RKVY. Since BPKP
is a sub-scheme under PKVY, we have attempted to give a tentative overview of what share of such
income support schemes are going towards making farming and hence farm income sustainable.
Source: aAgricultural Statistics at a Glance 2020, b (MoA&FW, 2019)c(MoA&FW, 2020)
Note: ZBNF is currently known as BPKP

While a plausible explanation can be that ZBNF is
being adopted as or amongst one of the several
options for transition towards natural/ organic
farming, there is also much scepticism within
farmer groups and people from the scientic
community regarding the scientic validity and
rigour of ZBNF.
For instance, farmer leaders like Chengal Reddy
from Andhra Pradesh point out the difculty in
Jeewamrutham preparation given the scarcity of
natural inputs and the large quantum suggested

8

under ZBNF.8 Thus, only a few farmers practiced
ZBNF, and most of them lacked information about
the programme. Farmer organizations like
Shetakari Sangathan in Maharashtra consider
natural farming as the only method for judicious
use of inputs objectionable. The National
Academy of Agricultural Sciences in September
2019 suggested that traditional seeds possess a 2
tons per hectare yield potential and could provide
only 200-250 kg proteins per hectare under ZBNF
practice compared to 450-700 kg per hectare by
HYV seeds under the recommended chemical

For more details, you may refer to ICRIER's forthcoming research paper - ZBNF: Implications for Sustainability, Productivity, Proﬁtability, and Food Security.
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fertilizer dosage, in turn creating a threat for the
nutrition security of the country under a nationalZBNF policy.
Even the results coming from the research
community are a mixed bag. The Centre for
Economic and Social Studies (CESS) and the
Institute for Development Studies, Andhra Pradesh

(IDSAP) in a study for 2018-19 and 2019-20 have
indicated an improvement in prots for farmers
adopting ZBNF vis-à-vis their non-ZBNF (or
conventional farming) counterparts, due to the
reduced expenditure on inputs and lower paid-out
costs, and improvement in yields and net revenue
for a range of 13 crops (see Table 2).

Table 2: Difference between ZBNF and non-ZBNF farmers: Percentage change
Crop*

Season

Expenditure on PNPIs

Paid-out costs

Yields

Net revenue

Paddy

Kharif

-64.86

-19.22

5.85

65.73

Rabi

-40.31

-15.48

-7.02

14.6

Kharif

-12.59

-9.08

0.94

23.81

Rabi

-53.32

-16.19

4.76

21.67

Cotton

Kharif

-74.63

-35.97

-2.93

165.65

Bengal gram

Kharif

-62.39

-33.45

1.69

181.9

Rabi

-55.54

-27.45

-9.47

116.07

Kharif

-48.08

-20.51

23.21

67.08

Rabi

-3.54

21.12

2.45

-1.92

Kharif

-56.72

-18.47

-4.73

-5.26

Rabi

-70.25

-17.41

8.94

21.31

Groundnut

Black gram

Maize

Source: Impact Assessment of APCNF Consolidated 2019-20 report
*Top six crops in Andhra Pradesh according to gross cropped area

On the other hand, in 2020 Indian Institute of
Farming Systems Research (IIFSR) ( an institute
afliated under the Indian Council of Agricultural
Research (ICAR)) has come up with starkly
contrasting ndings from their three-year-long
eld experiment at four locations: Modipuram in
Uttar Pradesh, Pantnagar in Uttarakhand,

Ludhiana in Punjab and Kurukshetra in Haryana, by
comparing the outcomes of ZBNF concoctions
and Integrated Crop Management (ICM)9 (a proxy
to the conventional chemical-based agriculture in
a controlled environment), for Basmati rice-wheat
cropping system (see Table 3).

9
ICM is the 50 per cent nutrient application from organic inputs and 50 per cent from inorganic inputs – a close proxy of conventional method in controlled
environment.
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Table 3: Average yield per hectare in case of ZBNF and ICM system for rice and wheat
2018-19 (for Rice) and
2017-18 (for wheat)

2019-20 (for Rice) and 2018-19 (for wheat)

NF concoctions

ICM

per cent change
in Yield in NF
compared to ICM

NF
conco
ctions

ICM

per cent change
in Yield in NF
compared to
ICM

Basmati &
Coarse Rice

3429

4279

-19.9

2138

3391

-37.0

Wheat

2469

4602

-46.3

2026

4393

-53.9

Source: ICAR-IIFSR

ICAR-IIFSR study indicates that soil organic carbon
in the ZBNF concoctions was equivalent to the
control eld (0.60 per cent) (without any addition
of inputs). Moreover, the ZBNF concoctions could
meet at most 71 per cent of the nitrogen
requirement of the plants if the farmers used the
concoctions along with other practices like adding
Azolla (a bio-fertilizer) and farmyard manure,
which is still insufcient for healthy plant growth
according to the scientists.
The yield results indicated that lower yields in the
ZBNF as compared to the ICM eld, and the yield
difference between the both widened after the
second year (for both rice and wheat) (Table 3).
The ICAR-IIFSR estimates also suggested that a
countrywide adoption of ZBNF will lead to a 32 per
cent decline in Basmati rice yields and a 59 per
cent decline in the wheat yields in case ZBNF, in
comparison to the ICM, bearing a direct impact on
the food security of the nation.
Even though the average cost of cultivation under
the ZBNF was 22.6 per cent lower than the ICMgrown rice and 18.2 per cent lower than the ICMwheat, the protability/ net returns were lower for
the ZBNF farmers, compared to ICM. While the ZBNF
earned Rs. 41,022 per hectare, the average returns
for the non-ZBNF farmers were 58 per cent higher at
Rs. 96,526 per hectare due to the signicantly lower
yields under ZBNF.
ZBNF as a National Policy?
The contrasting results from studies coming from
the academic / scientic research circuit should

make it pertinent for the government to go for a
rigorous evaluation of ZBNF before rolling it out as a
nation-wide policy. Especially in a scenario when
the scientic researchers from its own institute like
ICAR have stated a decline in yields close to 50 per
cent due to a 50 per cent reduction in the
chemical inputs, one needs to be careful in the
policy-making decision concerning this agriculture
practice.10
If the outcomes of a large-scale adoption of ZBNF
turn out to be unfavorable, it could undo all of
India's achievements in foodgrains production. Sri
Lanka, for instance, is currently bearing the brunt of
announcing a national-level organic farming
programme in the form of a collapse of its entire
economy (Pandey, 2021). Indian agriculture
should adopt policies that are crop as well as
subsidy neutral. Crop neutrality implies that the
farmer should be free to opt for organic, inorganic
practices, or a mix of both methods as per their
income realization from those approaches.
The current fertilizer regime has not only
deteriorated the soil quality but has also distorted
the national scal space. It is high time for us to
consider some subsidy neutrality in the sense that
there should be no state-subsidization for any
particular practice. Instead of giving away
chemical inputs at subsidized prices, the
budgetary allocation currently directed towards
chemical fertilizers, can be transferred directly to
the farmers' accounts on a per hectare basis,
allowing them the space to choose and adopt
environment-friendly farming practices. For

10
An estimate given by ICAR-IIFSR committee on 'Evaluation of Natural Farming Experiments in diﬀerent Agro-ecology' based on doubling of yield observed
during green revolution due to doubling of chemical inputs.
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example, if Rs. 100 thousand crores 1 1 is the
expected budgetary allocation towards the
fertilizer sector in upcoming years, taking into
account the anticipated increase in subsidies due
to the rise prices of fertilizers, then a DBT of Rs. 5000
per hectare for India's 200 million hectares of gross
cropped area, instead, could be potentially more
efcacious for attaining the desired purpose of
making agriculture sustainable.
Till then, the need for long-run experimentation of
natural farming options in general, inclusive of
ZBNF, cannot be over-emphasized. Monitoring the
status of agriculture in the states that have
adopted such practices, preparing an ofcial
database tracking all farmer-adopters, the rate of
adoption, retention and drop-outs, alongside the
drivers and constraints for such practices, are
necessary steps to be adopted before
announcing natural / organic farming in general,
and ZBNF per se, as a nation-wide policy
intervention.
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FROM THE INNOVATIONS KIOSK
Ethanol Blending in India: What are the Chances?
Exploring the potential of rst generation biofuels, India should take make calibrated moves while
scaling up its biofuel policy in context of food security and environmental sustainability.
Harsh Wardhan and Siraj Hussain

In his address to the nation on India's 75th
Independence Day, Prime Minister Narendra Modi
emphasized the need to transform India to an
"energy independent nation" before completing
"100 years of independence", stressing on the
country's transition towards cleaner sources of
energy, such as bio fuels. In this context, he also
reiterated the target of 20 per cent ethanol
blending (E20) by 2025, as envisaged under
National Policy on Biofuels - 2018.
In January 2003, the government of India had
launched Ethanol Blended Petrol (EBP)
programme for sale of 5 per cent ethanol-blended
petrol (E5) in nine states and four Union Territories.
Later it was extended to 11 other states in 2006.
However, the programme had limited success till
2014 with 0.1-1.5 per cent average blending,
largely due to limited availability of feed-stocks,
high taxation, and limited investment of ethanol
projects (MoPNG, 2021).

Post 2014 saw a series of government interventions
in the form of simplied tendering process by Oil
Marketing Companies (OMCs), reduction in tax
from 18 per cent to 5 per cent, approval of
alternative feedstocks like foodgrains and
agricultural waste and interest subvention
schemes. Further, in 2018, GoI notied the National
Policy on Biofuels (NPB) wherein an indicative
target of E20 by 2030 was laid out.
Due to growth in both quantity of ethanol supplied
to OMCs and the percentage of blending over the
years (see Figure 1), the government preponed its
target of E20 from 2030 to 2025, and E10 to 2022.
However, India produced only 485 million gallons in
TE2020, against an annual demand of almost 1
billion gallons, and the rest is met through imports
mainly from the United States (DOE, 2021b).

Fig. 1: Ethanol quantity supplied and percentage blending achieved
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Of the 173 crore liters of ethanol produced
domestically in Ethanol Supply Year (ESY12) 2019-20,
about 91 per cent came from sugarcane and the
remaining 9 per cent from maize13 (NITI Aayog 2021).
In the current ESY, 332 crore liters with 8.5 per cent
blending is expected. In this context, with an aim to
achieve its E20 target by 2025, the government has
allowed surplus stock of rice from the central pool
(with Food Corporation of India (FCI)) to be brought
under ethanol production (PIB, 2020).
Food to Fuel: The Case of Rice
This year itself, the government had allotted 78,000
metric tons (MT) of rice from FCI's stock to
distilleries at a subsidized rate of Rs.2000/quintal
(Hussain & Mohapatra, 2021), and has very
recently announced a planned utilization of about
17 million tons of foodgrains towards achieving E20
by 2025 (ISMA, 2021).
The central pool of rice stock (49.1 MMT including
19.4 MMT of rice converted from paddy as on July2021) is way above the buffer stock norms (13.54
MMT) (DFPD, 2021a), and the costs of maintaining
this surplus stock has been constraining the state
exchequers (Gulati, Crisis and Mobilisation, 2020).
While the diversion of the surplus stock to an
alternative use, like ethanol blending may provide
some respite to the state coffers, the concerns
associated with such diversions may not be totally
unfounded.
Despite its bumper food grains production, India
ranked 101 out of 116 countries in Global Hunger
Index-2020(GHI,2021). This raises the question as to
whether using the rice stock for schemes like PM
Gareeb Kalyan Yojana, for which government has
allotted 33.86 MMT in 2020-21 and 28.28 MMT in
2021-22, would be a more prudent choice than
diverting it towards ethanol production. Besides,
excess rice in central pool stock can also be used
for strategic diplomacy in countries, which are
facing shortage of food grains.
However, use of damaged food grains for ethanol
production is a progressive step. Yet, it is doubtful if
it can help achieve the target of E10 or E20, as the
quantity of damaged food grains with FCI is very
limited. In TE2019-20, the quantity of damaged

food grains in FCI warehouses was only 0.03 lakh MT
(MoCAFPD, 2020).
But a major concern about this diversion rests on
the fact that the price of Rs. 2000/ quintal, at which
distilleries can procure this stock, is lower than the
derived minimum support price (applying 0.67
conversion ratio of paddy to rice, to paddy MSP of
1940/quintal) of rice at Rs.2895.5/quintal, as well as
the economic cost of Rs.4293.8/quintal (Hussain &
Mohapatra, 2021). This, in turn, could be counterproductive for policies for diverting acreage under
water-intensive crops like rice (requiring 4000 liters
of water for a kg of rice) towards more diversied
agriculture (Sharma, et al., 2018).
Mills to Distilleries: The Case of Sugarcane
On the other hand, as of 2019-20, 62 per cent of
India's ethanol production capacity of 684 crore
liters is sugarcane or molasses-based, while only 38
per cent is grain-based (NITI Aayog, 2021).
At the same time, a set of price support incentives
from the government in the form of the central
government's fair and remunerative price (FRP),
state advisory price (SAP), export subsidies, interest
subsidy schemes etc., among other things, has
resulted in an expansion of the acreage under
sugarcane, Consequently, this led to the stockpile
of surplus sugar since 2010-11 (except 2016-17 due
to drought). Since last ve years (2017-18 to 202122), production and consumption averaged at
33.2 MMT and 27.5 MMT, respectively, generating a
surplus of about 6 MMT (USDA, 2021a).
The surplus sugar affects the ability of sugar mills to
clear the arrears of sugarcane farmers, which
stood at Rs.14010 crores in June 2021 (DFPD,
2021b). While an increase in the international
prices for sugar (White Sugar Price Index) from USD
418.50/ton on 31st March to USD 515/ton on 23rd
September (ISO, 2021) and a lower production in
Brazil in 2021-22, marks a good opportunity for the
Indian sugar mills to export this sugar surplus, the
government also provides an export subsidy of Rs.
4000/ton to ofoad this excess sugar in the global
market. However, such government intervention in
sugar sector makes it uncompetitive in the
international market.
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ESY: December-November
74.12 crore liters came from C-Heavy molasses, 68.14 crore liters from B-Heavy molasses and rest from sugarcane juice (14.83 crore liters) and maize (15.08
crore liters) (NITI Aayog, 2021)
13
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To incentivize sugar mills to divert excess sugar for
ethanol and enable them to clear sugarcane
farmer's arrears, remunerative ex-mill price of
ethanol (paid by OMCs to the sugar mills)
produced from sugar, B-Heavy molasses, C-heavy
molasses, sugarcane juice, and syrup have been
xed by the government (PIB, 2020). This incentive is

required as the GoI xed-FRP and state
government xed-SAP makes the cost of raw
material (sugarcane) higher than that in other
major sugar producing countries. This makes
domestic ethanol prices higher than international
prices (Table 1).

Table 1: Domestic v/s international ethanol prices (As on Oct 05, 2021)
Countries

Ethanol Price (USD/liter)

USA

0.716

Brazil

0.574

Thailand

0.692

Ex-mill Ethanol Price (Rs./liter)
(USD equivalent in parentheses)

India
Sugarcane

62.65 (0.865)

B Molasses

57.61(0.795)

C Molasses

45.69 (0.631)

Damaged Rice

51.55 (0.712)

FCI Rice

56.87 (0.785)

Maize

51.55 (0.712)

Source: GlobalPetrolPrices.com for international prices and PIB (2020)

In order to achieve E20 by 2025, 666 liters of ethanol
production is required, for which, a surplus of 6 MMT
of sugar will not be sufcient (NITI Aayog, 2021).
Further, expansion of the acreage under
sugarcane will have ramications for groundwater
water sustainability, given that sugarcane is a
highly water-intensive crop. In Maharashtra, for
example, where sugarcane occupies only 4 per
cent of total cultivated area, over 64 per cent of
irrigation water is diverted to its cultivation
(Sharma, et al., 2018).
In 2021, Brazil, largest producer of sugar and the
second largest producer of ethanol (with 98 per
cent of its ethanol production being sugarcanebased (USDA, 2021b)), is facing a drought like
situation due to improper water management on
account of escalating sugarcane production
(Dutta, 2021).
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Feed to Fuel: What Chances of Corn?
Given the limitations of using sugarcane and rice,
in terms of both scal and environmental (water)
sustainability, is there a possibility of expanding
corn-based ethanol production in India?
Bihar, a major producer of corn in India,
accounting for 8 per cent of the national
production of corn in TE2019-20 (DES, 2021), has
come up with a state-level policy on ethanol
production (Government of Bihar, 2021), to nd
alternative markets that can fetch remunerative
prices for the state's corn growers, in the absence
of a starch and poultry feed industry in the state.
However, a national-level scaling up of cornbased ethanol production is potentially
constrained by the fact that 60 per cent of our corn
production is used as poultry and animal feed

(NCML, 2017). Hence any major diversion of corn
usage towards ethanol production would severely
impact the poultry sector. As in 2021, poultry feed
prices (both soybean meal and maize) are ruling
high in the country (USDA, 2021c), and any decline
in corn availability will further drive up the prices of
poultry products via feed price. Moreover, there
has been a shortage of corn in the country and
India had to import corn during recent years (201819 and 2019-20) (APEDA, 2021).
While in the wake of surging crude oil prices in the
international market - from USD 21.04/barrel in April
2020 to USD 72.8/barrel in September 2021 (World
Bank, 2021)- blending petrol with ethanol will
reduce our import dependency of crude oil, the
feasibility of our blending programme's target also
needs to be reassessed, especially when we are at
the rst-generation biofuels that use food crops as
raw materials.
Diverting excess sugar for ethanol will help the
sugar industry in particular, but the pricing policy of
sugar-based ethanol should not result in higher
acreage of sugarcane, especially in water stressed
regions like Maharashtra, where 100 per cent area
under sugarcane is under irrigation (Sharma, et al.,
2018). Going forward, the pricing policy of sugarbased ethanol should be linked to global ethanol
prices and not distorted by support prices and
subsidies to the mills or the farm sector.
If policies for agricultural diversication are
successful in reducing area under paddy, it is
plausible that corn production may go up.
However, the production has to be much more
than the requirement of the poultry industry for the
excess corn to be used for ethanol blending. This
will also potentially enable farmers to realize a
better price for corn.
Simultaneously, exploring and leveraging the
potential of second generation (2G) bio-fuels
obtained from non-edible agricultural wastes like
corn cobs, stalks, stems, etc. can be more
environmentally friendly and less threatening for
food security. Although, the techno-economic
viability of commercial production of 2G ethanol is
yet to be tested, but it should be the long-term
agenda for a sustainable bioenergy policy.

06/EthanolBlendingInIndia_compressed.pdf
MoPNG. (2021). Ethanol Growth Story: Fullling
Aatmanirbhar Bharat Dream. New Delhi: Ministry
of Petroleum and Natural Gas. Retrieved from
https://mopng.gov.in/les/uploads/Ethanol_Book
let_English_Final_09_08_2021.pdf
Hussain, S., & Mohapatra, J. (2021, July 01). India
wants to use food grain stock for ethanol. That's a
problem in a hungry country. The Print. Retrieved
from https://theprint.in/opinion/india-wants-touse-foodgrain-for-ethanol-thats-a-problem-in-ahungry-country/686707/
Government of Bihar. (2021). Ethanol Production
Promotion Poilcy, 2021. Patna: Department of
Industries, Government of Bihar. Retrieved from
https://state.bihar.gov.in/industries/cache/26/24Mar-21/SHOW_DOCS/circular-gov-757-dtd-17-0321.pdf
Dutta, S. (2021, August 14). Water Guzzlers: Why
Sugar-Based Ethanol Blending Might Not Be A
Good Idea. Swarajya. Retrieved from
https://swarajyamag.com/ideas/water-guzzlerswhy-sugar-based-ethanol-blending-might-notbe-a-good-idea
MoCAFPD. (2020, September 20). Wastage due
to Improper Storage. Retrieved from Press
Information Bureau:
https://pib.gov.in/PressReleasePage.aspx?PRID=
1657002
USDA. (2021b). Biofuels Annual: Brazil. Retrieved
from US Department of Agriculture:
https://apps.fas.usda.gov/newgainapi/api/Repo
rt/DownloadReportByFileName?leName=Biofuel
spercent20Annual_Saopercent20Paulopercent20
ATO_Brazil_08-02-2021.pdf
DOE. (2021b). Alternative Fuels Data Centre.
Retrieved from Energy, Efciency and Renewable
Energy, US Department of Energy (DOE):
https://afdc.energy.gov/fuels/ethanol_fuel_basic
s.html

References

USDA. (2021a). Production Supply and Distribution
Online. Retrieved from United States Department
of Agriculture- Foreign Agricultural service:
https://apps.fas.usda.gov/psdonline/app/index.
html#/app/advQuery

NITI Aayog. (2021). Roadmap for Ethanol
Blending in India 2020-25: Report of the Expert
Committee. Ministry of Petroleum and Natural
Gas, Government of India. New Delhi: NITI Aayog.
Retrieved from
https://www.niti.gov.in/sites/default/les/2021-

PIB. (2020, December 30). Cabinet approves
modied scheme to enhance ethanol distillation
capacity in the country. Retrieved from New
Delhi: Press Information Bureau, Cabinet
Committee on Economic Affairs (CCEA),
Government of India:

33

https://pib.gov.in/PressReleaseIframePage.aspx?
PRID=1684626
Sharma, B., Gulati, A., Mohan, G., Manchanda, S.,
Ray, I., & Amarasinghe, U. (2018). Water
Productivity Mapping of Major Indian Crops. New
Delhi: NABARD and ICRIER.
APEDA. (2021). India Import Statistics. New Delhi:
Agri Exchange, Agricultural and Processed Food
Products Export Development Authority.
ISO. (2021). Daily Sugar Prices. Retrieved from
International Sugar Organization:
https://www.isosugar.org/prices.php?pricerange
=currentmonth
ISMA. (2021). Nearly 17 mn tonnes of surplus
foodgrains to be used for ethanol making: Food
Secy. Retrieved from Indian Sugar Mills
Association:
https://www.indiansugar.com/NewsDetails.aspx?
nid=50065
PIB. (2020, October). Revision of ethanol price for
supply to Public Sector OMCs for Ethanol Supply
Year 2020-21. Retrieved from Cabinet Committee
on Economic Affairs (CCEA), Press Information
Bureau:
https://pib.gov.in/PressReleasePage.aspx?PRID=
1668399
DFPD. (2021a, June). Food grain bulletin July
2021. Retrieved from Department of Food &
Public Distribution, Ministry of Consumer Affairs,
Food and Public Distribution :
https://dfpd.gov.in/writereaddata/Portal/Magazi
ne/July2021.pdf

34

GHI. (2021). Global Hunger Index: Hunger and
Food Systems in Conict Settings. Bonn: Welt
Hunger Hilfe. Retrieved from
https://www.globalhungerindex.org/pdf/en/2021
.pdf
Gulati, A. (2020, June 22). Crisis and Mobilisation.
The Indian Express.
DFPD. (2021b, June). Statement Showing Cane
Price Arrears during last four sugar seasons and
current sugar season 2020-21. Retrieved from
Department of Food & Public Distribution:
https://dfpd.gov.in/writereaddata/Portal/Magazi
ne/Untitled202108021835558.pdf
DES. (2021). Latest APY state data. Retrieved from
Directorate of Economic and Statistics, Ministry of
Agriculture and Farmer's Welfare:
https://eands.dacnet.nic.in/APY_96_To_06.htm
NCML. (2017). NCoMM Special Report: Maize.
Mumbai: National Collateral Management
Services Ltd.
World Bank. (2021). Pink Sheet Data- Monthly Price.
Washington: The World Bank.
USDA. (2021c). India's Poultry Market - A Snapshot
of 2020-21. Washington D.C.: United States
Department of Agriculture.

APSI'S CROP OUTLOOK: 2021 KHARIF SEASON
Monsoons and 2021 Kharif Crop Outlook
Shweta Saini and Sandip Das
As per the Intergovernmental Panel on Climate
Change's (IPCC) 6th assessment report on global
climate change, monsoons in India are likely to
face, inter alia, (i) increase in the frequency and
duration of dry spells, and (ii) intensied monsoon
extremes particularly in central India (IPCC 2021).
The monsoons of 2021, normal in volume but erratic
in pattern, corroborate this prediction. Besides, the
government of India has also acknowledged the
impact of climate change on Indian monsoons,
recently.
With 50 per cent of India's gross cropped area
(GCA) of 200 million hectares (Mn. ha) (2017-18) still
depending on monsoon rains for meeting irrigation
needs (DES, GOI), such climactic vagaries are
disconcerting news not just for India's commitment
for the Sustainable Development Goal of 'zero
hunger' by 2030 but also for Prime Minister
Narendra Modi's dream of augmenting incomes of

farmers. About 76 per cent of the annual rains in the
country fall during the four monsoon months of
June-July-August-September (Saini and Gulati
2014). Every time monsoon rains fall by a
percentage point, India's agricultural gross
domestic product (GDP) falls on average by about
0.35 percentage points (Gulati, Saini and Jain
2013).
Monsoons 2021: Volume and Pattern
This year's overall monsoon rains were 'normal' with
a deviation of about 1 per cent from its long period
average (LPA) 14 value. A month-wise analysis
shows that monsoon rains in June were good at 110
per cent of its LPA value. It fell in July to 93 per cent
and further down to 76 per cent in August. In
September it recovered with bumper rains at 134
per cent LPA (Figure 1 LHS).

Figure 2 Performance of monsoons in India and regions ( per cent LPA deviation)
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14

The LPA is calculated on the basis of the average quantum of monsoon rainfall during 1961-2010 (88 cm)
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The geographical spread of monsoon rains too
had variations (Figure 1 RHS). Overall, monsoon
rains were normal in northwest India (-4 per cent
deviation) and central India (3 per cent deviation),
but were in decit in northeast India (-12 per cent
deviation) and in excess in southern peninsula (11
per cent deviation) 15. Central India, however,
seems to have faced very high volatility in the 2021
monsoon rains: extreme rain decit in August (39
per cent below LPA) followed by an exceptionally
ush September (83 per cent above LPA).
Between regions, six meteorological sub-divisions,
namely Western Uttar Pradesh, Lakshadweep,
Jammu & Kashmir and Ladakh, and the north
eastern divisions of Assam and Meghalaya,
Arunachal Pradesh, and NMMT (Nagaland,
Manipur, Mizoram and Tripura) faced decient
rains (i.e., deviation greater than (-) 20 per cent but
lower than (-) 60 per cent) (red in Figure 2). Ten subdivisions received excess rains (i.e., between 20 per
cent and 59 per cent) and amongst them
Telangana and Marathwada received the
highest.
As per IMD, the monsoon rains in 2021 are "uniquely
placed in the historical records" for the very distinct
and contrasting pattern of rainfall variation
between the four months. The exceptionally high
decit in August, in particular, emerges to be a very
rare phenomenon as in India's 120 years' of rainfall

history, a decit greater than 20 per cent has
appeared only 10 times prior to the current one.
The number of instances of excess rainfall have
also shot up. In 2017 there were about 1824
instances of 'very heavy' and 'extremely heavy'
rainfall, which increased to 1909 in 2021, a jump of
about 85 cases. An exceptional jump can be seen
particularly in case of September 2021 where
instances of 'extremely heavy' rainfall seem to
have tripled since 2017.
Crops and Prices
Kharif is the main cropping season of the country
(sowing in June and harvest around October). As
per data from IMD, after the onset of monsoon over
Kerala on June 3, 2021, it continued its advance till
June 13. However, after around June 13, 2021
rainfall activities nearly stopped and 'weak or
break monsoon conditions’16 prevailed across the
country. There was mostly a dry spell till around July
12, 2021.
Due to a long break in monsoon rains, kharif sowing
especially of rice, jowar, bajra, moong bean,
maize, jute and mesta was delayed. The rainfall
activities resumed in middle of July 2021. But the
monsoon rains witnessed a second major break or
halt in the rst week of August. In September,
however, the country as a whole, barring northeast
India, received excess rains (Figure 1).

15
Northeast India includes Arunachal Pradesh, Assam & Meghalaya, Nagaland, Manipur, Mizoram, Tripura, Sikkim, West Bengal, Jharkhand, Bihar; Central India
includes Gujarat, Madhya Pradesh, Maharashtra, Goa, Chhattisgarh, Orissa; Southern peninsula include A & N Islands, Andhra Pradesh, Tamil Nadu, Puducherry,
Karnataka, Kerala, Lakshadweep and Northwest India include Jammu & Kashmir, Himachal Pradesh, Punjab, Haryana, Chandigarh, Delhi, Uttarakhand, Uttar
Pradesh, Rajasthan.
16
According to the IMD terminology, 'break' in rainfall activities occurs when the monsoon is interrupted by long spells of deﬁcit rainfall in most regions of the
country.
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Figure 3 Indian monsoons 2021 overall performance
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The erratic progress of monsoon this year is
predicted to impact crop yields via, inter alia:
1.

3 Ds (drought, delay and dry spell): that is likely
to affect acreage and the yields; and

2.

Excess rains- which are likely to have damaged
crops in the eld and those kept in the storage.
However, the higher soil moisture from good
rains is predicted to boost rabi production next
season.

As per the sowing data from the Ministry of
Agriculture and Farmers Welfare (MoA) (Table 1),
there has been no signicant impact on area sown
under the major kharif crops of rice, pulses,
oilseeds, coarse cereals, sugarcane, cotton, jute
and mesta, except in the case of cotton and
coarse cereals where the acreage fell by about 6
per cent and 2.5 per cent respectively, compared
to the area in 2020. But this fall may not be linked
exclusively to the monsoon variations.

Table 1 Acreage under Kharif Crops as on September 24, 2021 (in lakh hectare)
Crops

Normal Area

Area sown (2021)

Area sown (2020)

per cent change
year-on-year

Rice

395.65

420.36

414.64

1.37

Pulses

135.29

141.58

138.63

2.12

Oilseeds

180.3

195.36

197.98

- 1.32

Coarse cereals

183.57

175.69

180.18

- 2.49

Sugarcane

47.53

55.22

54.12

1.99

Cotton

123.59

120.06

127.87

- 6.1

7.35

7.01

6.93

0.07

Jute and Mesta

Source: Directorate of Economics and Statistics. Data as on September 24, 2021

As per the rst advance estimate of production for
2021-22, released by MoA on September 21, 2021,
production of most kharif crops is likely to be higher
this year compared to the last year. There,

however, appears to be a marginal annual drop in
production of maize, groundnut and soybean
(columns b to f in Table 2).

Table 2 Kharif crop prospects (2021-22) in Million Metric Tonne
Production
(MMTs)

2018-19

2019-20

2020-21

2021-22

per cent yoy
Increase

2021-22 (Market
Estimate*)

B

C

D

E

F

G

Kharif-rice

102.04

102.28

104.41

107.04

2.5 per cent

107

kharif- maize

19.41

19.43

21.44

21.24

-0.9 per cent

21

Tur

3.32

3.89

4.28

4.43

3.5 per cent

4.0

Urad

2.36

1.33

1.6

2.05

28.1 per cent

2

Mung

1.78

1.83

2.01

2.05

2.0 per cent

2.1

Ground nut

5.39

8.39

8.56

8.25

-3.5 per cent

8.15

13.268

11.226

12.897

12.72

-1.4 per cent

12.0

A

Soybean

Source: MOA (columns b to f) and ICRIER-RBI team's ongoing market assessment work (column g)
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This optimism on part of the government about a
record production is not as enthusiastically shared
by trade and markets. As part of an ongoing work
at ICRIER, markets of selected agricultural
commodities are tracked and monitored regularly
for price prediction and a regular assessment of
production and market arrivals, inter alia, is part of
the work. The current estimates of production from
the ongoing research are presented in column g of
Table 2. As per these estimates, the production of
maize, tur, urad, ground nut and soybean are likely
to be lower than GOI's assessment. For moong, on
the other hand, traders expect a better harvest
than GOI estimates.
Estimates for horticulture crops like onion are not
out yet. However, as per our ongoing market
assessment research, excess rains in the month of
September in the key onion growing regions of
Nasik (Maharashtra), Kolar and Chitra Durga
(Karnataka) and Alwar (Rajasthan) have
adversely impacted the yield of kharif crop. Kharif
onion, although has around 30-35 per cent share in
total annual onion production, is crucial for
maintaining supplies during the critical months of
October to January period when stored rabi onions
plummet to their lowest levels. Excess rains in
September seem to have caused some damage
to stored rabi onions in Maharashtra. All this is likely
to push up onion prices in coming months. The
wholesale prices at Lasalgaon, Maharashtra,
considered as the benchmark price for onion in the
country, have already risen by close to 130 per
cent from Rs. 14.55 per kg in September 2021 to Rs
33.50 per kg on October 9, 2021 within a month
(Agmarknet).
In case of tomato, as per our preliminary
assessment, excess rains in September 2021 have
damaged about 15 per cent of the crop especially
in Karnataka and Maharashtra. Within a month,
the benchmark wholesale prices at Kolar
(Karnataka) have increased by about 90 per cent
from Rs. 6 per kg in September to Rs 11.3 per kg on
October 9, 2021 (Agmarknet). Tomato prices
usually spike because of monsoon rains disrupting
supply chain logistics at this time.
In the Coming Months…
October rains are critical: Most of the kharif crops –
rice, pulses, oilseeds, coarse cereals, cotton,

sugarcane and jute would be ready for harvest
during the months of October-December. Excess
rains during these months may damage the
standing crop and affect yields.
Good rabi crop this year: It is expected that with a
normal monsoon, rabi crops, especially, wheat,
chana, mustard and other coarse cereals would
benet from the higher soil moisture positively
impacting their yields.
Comfort from high stock levels: Due to the
exceptionally high levels of rice stocks of 26.83
MMTs17 on September 1, 2021 (against the stocking
norm of 10.2MMTs for October 1) with the Food
Corporation of India (FCI), even if rice yields this
year are lower, the rice prices are unlikely to feel
any pressure. In case of pulses, National
Agricultural Cooperative Marketing Federation of
India (NAFED) has stocks of 1.13 MMTs of gram, 0.2
MMTs of tur and about 0.33 MMTs of moong (as on
October 1, 2021). During July-September 2021,
NAFED ofoaded about 0.3 MMTs of gram in the
open market and discussions are on to ofoad
more stocks in the coming festive seasons if need
arises.
Global prices continue to haunt: Globally, food
has been getting expensive, particularly since
January 2021(LHS Figure 3). In September this year,
FAO's food price index showed an annual ination
rate of about 33 per cent. All sub-indices showed
an ination rate of more than 15 per cent, with oils
and sugar, particularly, with annual ination rates
of 61 per cent and 53 per cent respectively (RHS
Figure 3). Global prices transmit into domestic
borders via trade. In case of edible oils, around 60
per cent of domestic consumption is met via
imports. As per the monthly data on prices from the
World Bank Pink Sheets, in September 2021 the
palm oil (constitutes about 54 per cent of total
Indian edible oil import bill) was globally selling at
$1181 per MT that was about 50 per cent higher
than last year's price, and the soybean oil
(constitutes around 25 per cent of edible oil
imports) that was selling at $1399 per MT showed an
annual ination rate of about 54 per cent. In this
September, even the rapeseed oil prices were
seen selling at $1629 per MT up by about 74 per
cent since last year. Contagion of this global
ination into domestic markets appears inevitable.

17

This stock excludes 17.6 MMTs of paddy stocks with FCI
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Figure 4 Global agricultural and food prices
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