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Resource Use Efficiency and
Productivity: An Analysis of India’s
Food Grain Sector

ABSTRACT

The concept of food security comprises access, affordability, food
safety, food preferences and dietary patterns. Recently, there has
been a demand-driven shift in food consumption patterns in India
towards nutrition-rich and economically high-value horticulture
(fruits and vegetables), livestock and dairy products. Providing for
such consumption needs will require diversification of agricultural
production beyond the staples, especially wheat and paddy. However,
wheat and paddy exhibit very low productivity growth rates, hinting at
an unsustainable production system. Paddy also happens to be amongst
the worst performers in terms of Economic Water Productivity (EWP)
and Physical Water Productivity (PWP). Improving water and factor
productivity is essential for the upcoming challenges of food security
characterised by increasing demand for horticulture, livestock and
dairy products whose consumption is highly income elastic. This paper
offers policy prescriptions on increasing farmers’ incomes and raising
productivity in order to achieve the country’s food security goals.

Attribution: Preeti Kapuria and Roshan Saha, “Resource Use Efficiency and
Productivity: An Analysis of India’s Food Grain Sector”, ORF Occasional Paper No.
229, January 2020, Observer Research Foundation.
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I. INTRODUCTION

Food security in India has historically been identified with food grain
security." At present, the country’s rates of food grain availability are
worrisome: at 487 grams per person per day, the rate has only slightly
increased over the past 50 years. (It was 468.7 grams per person per
day in 1961.)*

The Food and Agriculture Organisation (FAO) defines ‘food security’
thus: “all people, at all times, have physical, social and economic access
to sufficient, safe and nutritious food that meets their dietary needs
and food preferences for an active and healthy life”.> This definition
encompasses four broad dimensions of food security: availability,
accessibility, utilisation and stability.* * These goals are echoed in both
the Millennium Development Goals (MDGs) (2000) and the more recent
Sustainable Development Goals (SDGs) (2015). They emphasise on an
individual’s right to dignity, freedom, equality, and a basic standard of
living thatincludes freedom from hunger. Indiahas setits own objectives
for achieving food security, given the continuing significant rates of
malnutrition reported in the various National Family Health Surveys
(NFHS), and the country’s commitments to international agreements.

a Food availability addresses the “supply side” of food security and is determined by the
level of food production, stock levels and net trade. According to FAO, an adequate
supply of food at the national or international level does not in itself guarantee
household level food security. Household must have economic and physical access to
food. As such adequate supply may not be enough to ensure food security. Utilisation
is commonly understood as the way the body makes the most of various nutrients
in the food. This is equally important for food security. Dietary patterns, feeding
practices, food preparation and intra-household distribution of food are essential to
proper utilisation of food. In addition to the three essential elements, it is necessary
that the stability of those dimensions is maintained. Therefore, availability, access and
utilisation of food must be stable over a period of time and not subject to fluctuations.

b Malnutrition among children can be estimated by observing the percentage of children
below 5 years of age who are stunted and wasted. NFHS-4 (2016-17) suggests that
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To begin with, India has enshrined the “right to food” as a pillar
to the right to life as provided in Article 21 of the Constitution.
The National Food Security Act (NFSA) of 2013 entitles citizens (as
identified under Gol guidelines mentioned in sub-section (I) of section
10 of the Act) to subsidised food grains.> While food grains alone
cannot ensure the nutritional component of food security, it remains
an integral part of the NFSA. Wheat and paddy, the two major staples
across the country, are the cheapest sources of energy and protein for
the poorest populations.®

Deriving from the essence of food security as stated in the NFSA,
food security cannot be confined to mere availability of food grains
but to the overall availability of nutrition-rich fruits and vegetables,
fish, meat and dairy products.’” Indeed, in recent years, dietary patterns
have changed towards more high-value horticulture, livestock and
dairy products. Analysts suggest that this change in food preferences
can be attributed to the increase in per capita income, urbanisation,
convergence of food habits, and easier availability of these products.®

In areport by NITI Aayog (2018) on supply and demand projections
for the agriculture and allied sector, the demand for food grains in India
is expected to increase by seven percent from 255 million tonnes in
2016-17 to 272 million tonnes by 2020-21.%? Similar demand figures
for non-food grains® indicate an expected increase of 19 percent from

38.4 percent are still stunted and 21 percent of children below five years of age are
wasted. These figures show that the percentage of stunted children has declined, while
the children who are wasted have increased from the levels registered in the previous
NFHS survey (2005-06).

c The NFSA is “an act to provide for food and nutritional security in human life cycle
approach, by ensuring access to adequate quantity and quality food at affordable prices
to people to live a life with dignity and for matters connected therewith or incidental
thereto.”
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521.4 million tonnes in 2016-17 to 622.6 million tonnes in 2020-21."°
Moreover, as observed by Kumar, Joshi and Mittal (2016), there is
a diversification of demand in both rural and urban areas; a decline
in the consumption of cereals and pulses, and at the same time an
increase in the share of horticulture, livestock and dairy products.'' The
consumption expenditure figures provided by NSSO (68" Round) also
suggest that with increase in incomes, food preferences are shifting to
higher income-elastic food items in both rural and urban areas, though
the relative change is more in urban areas. Following this significant
shift in the consumption away from staple grains towards high-value
products, and an increasing burden of malnutrition,'? food security in
India must be defined in terms of these non-food grains as well.

It is in this context that it becomes important to examine the
productivity of the country’s food grains production systems. Some of
the food grains are an important component in ensuring availability
of these high-value products—such as milk and meat—as animal
feed. Moreover, land and water, the main inputs of agriculture
production, are stagnating and scarce resources, increasing production
of the non-food grain sector can be achieved only through higher
productivity per unit of arable land, irrigation water and other inputs in

foodgrains.f ' 14

d This approach is based on the growth of population and changing behaviour of
consumption on account of changing per capita income in a growing economy. The
latter is captured by the expenditure elasticities. According to estimates by NITI Aayog
(2018), expenditure elasticity of pulses, edible oil, fruits and vegetables, milk and meat
products are higher than those of cereals in both rural and urban areas.

e Non-food grains include high value horticulture, livestock and dairy products such
as edible oil, oilseeds (except palm oil), milk and products, eggs, fish and meat,
vegetables, fruits and nuts. They are also high income elastic products.

f Following Singh et al.,2018 , 70 percent of India’s food grains production comes
from irrigated agriculture while NITI Aayog (2018) reports rice, wheat and
sugarcane accounting for 80 percent of irrigation water.
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This paper offers an analysis of productivity and water use efficiency
of the food grain sector. This hasimplications for resource use efficiency,
creation of jobs, welfare and generation of income for the farming
community. The paper focuses on the post-reform period from 1996-
97 to 2015-16.&"

Swaminathan and Bhavani (2013) suggest that factor productivity
will have to be doubled, if the cost of production is to be reduced and
the prices of farm products are to be made competitive and farming
remunerative.'’ This is also a key component in the government’s policy
of Doubling Farmers’ Income by 2020.'® Chand et al., (2012) explain
that factor productivity growth has led to a reduction in the real cost
of production by 1.0-2.3 percent annually in the case of cereals. This is
crucial for the welfare of both farmers and consumers as it has helped
in keeping the prices of cereals low for consumers and providing
benefits to producers through a decline in the real cost of production.
The Committee on Doubling Farmers’ Income has identified enhancing
agricultural productivity and improvement in total factor productivity
of agriculture as some of its key strategies. Improving farm production
and productivity as a single development strategy can make the
greatest contribution to the elimination of hunger and poverty; after
all, farmers constitute the largest proportion of consumers."”

g  Here we are looking into the implications of productivity of food grains on the
availability dimension of food security.

h Policy focus during the first three years after the reforms of 1991 were engaged in
crisis management to stabilise the economy and thus we begin our analysis with the
period 1995-96.
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II. DEMAND AND SUPPLY OF FOOD: CURRENT STATE AND FUTURE
PROJECTIONS

Population trends show that India will emerge as the most populous
country in the world in the coming decades."® Moreover, increasing
urbanisation, coupled with rising incomes, will lead to a shift in
household consumption patterns in both rural and urban areas."

Data shows that expenditure on cereals has declined across both
rural and urban areas between 2004-05 and 2011-12 (See Table 1).

Table 1. Household Consumption Expenditure (Rupees per capita per

month)
Item-wise expenditure
Rural Urban

Item group 2004-05 2011-12 2004-05 2011-12
cereals 31.5 26.5 31.4 29.2
grams 0.2 0.4 0.3 0.4
cereal substitutes 0.2 0.2 0.0 0.4
pulses & products 5.4 6.8 6.5 8.4
milk & products 14.9 20.1 24.6 31.2
edible oil 8.1 8.4 10.9 10.8
egg, fish & meat 5.8 7.9 8.4 11.2
vegetables 10.7 10.6 14.0 13.6
fruits & nuts 3.3 4.2 6.8 9.2
sugar 4.2 4.0 4.7 4.8
salt & spices 4.4 5.3 5.3 6.8
beverages etc. 7.9 12.8 19.3 28.4
food total 96.3 107.2 132.3 154.2
non-food total 78.8 113.3 179.0 246.3

Source: Authors’ own'

i Using NSSO (68th Round) data on household consumption expenditure.

10
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At the same time, expenditure on high-value products has increased
in both urban and rural areas. It is noteworthy that the increase in
expenditure on these commodities has been higher in urban areas,
showing the effect of income on the diversification of food demand.

This shift in consumption patterns is proof of Engel’s law, which
states that a rise in income brings about a decline in the consumption
of staple food items. Engel (1857) had stated that “the poorer a family,
the greater the proportion of its total expenditure that must be devoted
to the provision of food.”® Monthly Per Capita Expenditure (MPCE)
is observed to be higher in urban areas as compared to rural areas.?!
Following these estimates, the level of income (expenditure is used

Figure 1. Share of food in MPCE (MMRP) across income fractiles
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j Estimates from the National Sample Survey Organisation, MPCE for 1993-94 was
approximately Rs.160 and Rs.265 in rural and urban areas, respectively. Although
the same increased to Rs.221 and Rs.481 in 2011-12, the MPCE in rural areas is
still lower than that in urban areas.
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as proxy for income) in rural areas is lower than that in urban areas.
Expenditure on food accounted for 55 percent of MPCE in 2004-05 in
rural areas, and for urban areas, around 43 percent. In 2011-12, the
share of food in MPCE of rural areas declined to 49 percent, which was
still higher than 39 percent for urban areas. (See Figure 1)

Although NSSO (68" Round) figures suggest a decline in per capita
consumption in cereals across both rural and urban areas, demand
projections presented in the report prepared by NITI Aayog (2018) show
an increase in the total demand for cereals and pulses. This increase is
attributed to population growth, increase in demand for seed, animal
feed and industrial use. ?** Mittal (2008) considers demand and supply
projections to be important indicators of the country’s food security
concerns.” Further, the behavioristic approach adopted by NITI Aayog
(2018) suggests that the aggregate demand for food grains is projected
to increase in the baseline scenario from 242 million tonnes in 2011-
12 to 271 million tonnes by the end of 2020-21 and 326 million tonnes
by the end of 2032-33.%* Aggregate demand of wheat would come
closer to that of rice because of increased demand of wheat as feed for
animal use. The report projects that the aggregate demand for these
two cereals is expected to exceed 100 million tonnes each by the end
of 2032-33. Meanwhile, aggregate demand for coarse cereals is also
expected to increase from 38 million tonnes in 2011-12 to around
62 million tonnes in 2032-33. Similarly, aggregate demand for pulses

k  This approach is based on the growth of population and changing behavior of
consumption on account of changing per capita income in a growing economy.
The latter is captured by the expenditure elasticities.

1 The base line scenario assumes GDP growth rate of 6 percent per annum for the
forecast period, i.e., 2012-13 to 2032-33. Estimates for future demand and supply
have also assumed ambitious growth scenarios of 8 percent and 10 percent. Given
the recent downgrade in GDP growth forecasts by the Reserve Bank of India to 5.6
percent, the baseline scenario reflects a relatively more realistic picture
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is expected to increase from 20 million tonnes to 37 million tonnes.
Lastly, the oilseeds demand (excluding palm oil) would increase at a
much faster rate as compared to food grains demand and could increase
from 34 million tonnes to 113 million tonnes by 2032-33.™

The demand for horticultural products including fruits and
vegetables is expected to increase from 128 million tonnes in the base
year of 2011-12 to around 190 million tonnes by 2020-21, and further
to 327 million tonnes by 2032-33. The aggregate demand for milk and
milk products can reach 300-355 million tonnes in 2032-33 while meat
and meat products can rise up to 37-45 million tonnes. Whereas the
aggregate demand for fruits and vegetables could also be as high as
580 million tonnes.”” Burgeoning demand for both food and high-value
products warrants a look into the supply of these commodities.

There is an increase in the production figures of food grains from
180 million tonnes to 252 million tonnes between 1995-96 to 2014-
15.% Projections of supply beyond 2015 by the NITI Aayog indicate
that production of food grains is likely to increase in the coming years,
from above 275 million tonnes in 2016-17 to 289 million tonnes by
the end of 2020-21 and 343 million tonnes by the end of 2032-33.%
The biggest increase is likely to come from wheat and rice, and there
will be a slight increase in coarse grains and pulses. Similarly, oilseeds
production is expected to increase from 34.2 million tonnes in 2016
to 48.5 million tonnes by 2032. The most significant change will occur
in horticulture, where fruits and vegetables production is expected to
increase from 98.5 and 177.4 million tonnes in 2016 to more than 200

and 350 million tonnes by 2032, respectively.

m  The Compound Annual Growth Rate (CAGR) of demand for oilseed and food grains
between 2011-12 and 2032-33 is 6 percent and 2 percent, respectively.
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Overall, the supply and demand for the Indian economy appears
encouraging for the entire food grain sector. The situation becomes
more nuanced, however, when figures for cereals, coarse cereals and
pulses are separately considered. In the case of cereals such as rice
and wheat, domestic production is expected to be adequate to meet
the total demand in the country. The scenario is not as optimistic
with pulses, demand for which will increase over the next few years as
they are relatively more income elastic when compared to the other
food grains.” The supply of pulses is projected to fall short. Coarse
cereals production is likely to be sufficient to meet its demand in near
future, but minor deficits could be expected in 2028-29, 2029-30 and
2030-32.

Indeed, the importance of food grains in the average Indian diet
cannot be overemphasised.’® At the same time, people are also moving
towards consuming horticulture, livestock and dairy products, and the
production of these commodities will have to keep pace with the rising
demand. It will do India well to pay greater attention to increasing the
productivity of food grains in order to meet the rising consumption
demand of the non-food grain sector.

ITI. PRODUCTIVITY: CONCEPTS AND MEASUREMENT

Productivity and efficiency are closely related but different concepts.
‘Efficiency’ refers to how close a production unit is to the best possible
frontier of production; ‘productivity’ is a measure of the output per unit
of input in the system.’! Productivity can also be understood as one
of the indicators of a sector’s competitiveness—higher productivity

n  According to estimates from NITI Aayog (2018), expenditure elasticities of pulses
in rural and urban areas are 0.55 and 0.36 respectively. In comparison to this
these, the same figures for cereals are -0.13 and -0.04.
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implies better competitiveness. Indeed, higher productivity enhances
the performance of a system, either in terms of higher profitability,
lower production costs, or marketing capacities. These factors are pivotal
in ensuring competitiveness of the sector. Examining agricultural
trade in the Mediterranean basin, Lachaal (2001) considered various
parameters of competitiveness and identified productivity as one of
the major domestic factors.*

There are two most commonly used measures of productivity:
partial (single) factor productivity and total (multi-factor) factor
productivity (TFP).>* The former refers to the measure of produced
output per unit of each input, such as output per man hours and
output per kg. Since production processes usually entail the use of
more than one input, partial factor productivity measures might lead
to specious results. Moreover, when factor proportions change, it could
lead to misinterpretation of the contribution of each factor to the total
output.* TFP indices capture the effects of improved infrastructure
such as irrigation, roads and electricity, as well as technology in the
form of research and development. Higher TFP would imply a shift in
the production possibilities frontier of the agricultural sector away from
the origin, leading to higher output from the application of technology
and better utilisation of resources.’® TEP tries to address this issue by
decomposing changes in production due to variations in quantity of
inputs used and in the residual factors (research, education, extension,
resource quality, and infrastructure). A holistic measure of productivity
is TFP growth or multi-factor productivity (MFP) - a measure that
considers several inputs used in the production process.*

ORF OCCASIONAL PAPER # 229 « JANUARY 2020 15
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Where TFP growth can be explained as:*’

TFP Growth = Output growth — Input growth
= Technical/Technological change/Progress
= Embodied (or endogenous) technical change +
Disembodied (exogenous) technical change

= Changes in technical efficiency + technological progress

Productivity growth is essential for efficient growth of an industry
or sector. Scarcity of resources is a major factor limiting economic
growth, and therefore, output expansion through increased use of
scare resources alone might not be sustainable.®® In the context of
the agriculture sector, productivity would pertain to factors such as
availability of water, seeds, fertilisers, labour, irrigation, credit and
machinery, and their contribution to the total output being produced.
Works of Schultz (1953), Solow (1957), and Griliches (1963) set the
precedent for analysing agricultural productivity at various levels
of segregation.’” > 4! Figure 2 lays out the decomposition of output
growth in the agriculture sector. Here, growth in agricultural output
can be explained in terms of yield, area and price components. In India
until the 1960s, growth in land was the main source of output growth;
with technological changes, other (non-land) inputs became more
important. As a result, output growth can be explained in terms of
input use growth and productivity (TFP) growth. The TFP growth can
be further decomposed into several factors, viz. research, extension,
education, infrastructure, and health of natural resources. The input
growth is also influenced by several factors like input-output prices,
technological innovations, institutions, infrastructure, and policy

initiatives.*>*
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Figure 2. Decomposition of Output growth*
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There are two approaches to measuring TEP growth: the frontier and
non-frontier. (See Figure 3). Each of these approaches can be further
divided into parametric and non-parametric techniques. A frontier
approach attempts to measure how far a production unit is from either
full cost minimisation or profit maximisation. The distance is a measure
of the technical efficiency of the unit, whereas a non-frontier approach
ignores technical efficiency and assumes technological progress as a
measure of TFP growth.**® Technical efficiency can be explained as
the ability of a production unit to achieve maximum output from a
given set of inputs.”’” Furthermore, a parametric approach assumes a
functional form and the accuracy of the derived estimates is sensitive
to the specified functional form. On the other hand, non-parametric
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48,49

methods do not assume any functional form and therefore no direct

statistical tests can be performed to validate the estimates.

This paper estimates TFP growth through an econometric approach

using a Cobb-Douglas production function to decompose the input

contributions from productivity change. The choice of the production

function is dictated by the availability of inputs. This approach assumes

that the TFP growth is due to technical change/ technological progress

alone. In this approach efficiency changes are not considered.”

18
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IV. DATA AND METHODOLOGY

4.1 THE DATABASE

To analyse productivity growth in the food grain sector in India, this
paper categorised the data set into three separate panels: two for cereals
and one for pulses. Among cereals, the data sets were divided into two
separate panels: one for paddy and wheat, and the other for coarse
cereals: jowar, bajra, ragi, maize and barley. A third panel on pulses
considers gram and masoor. Paddy and wheat occupy a significant
share of total food grain production, total value of output and also area
under cultivation of food grains in India. This necessitates treatment
of paddy and wheat as a separate panel in the analysis. Among pulses,
masoor and gram comprise more than 50 percent of total production
and area under cultivation of pulses.

Data on agricultural statistics were available from the published
sources of the government’s Ministry of Agriculture and Farmers’
Welfare. Inputs used are the following: seeds (kg per hectare); fertilisers

Table 2. Area and Production

1* lses* wheat and | masoor and
cereals ulses
P paddy™** gram™**
Area ('000 100451.63 16763.74 71775.90 8933.47
hectares) (86) (14) (71) (53)
. 205.80 12.68 169.74 7.40
Production
(million tonnes) (93) ©) 82) (58)

Source: Authors’ own

* figures in parentheses represent share in total food grains

** figures in parentheses represent share in total cereals

*** figures in parentheses represent share in total pulses
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(kg per hectare); human labour (man hours per hectare); animal labour
(pair hours per hectare); and machine labour (rupees per hectare). Data
on all these inputs have been compiled from the published sources of the
Ministry of Agriculture, Government of India (Gol).”! Data on inputs
and cost of cultivation for individual crops is collected from a sample
of selected states in India. National figures were arrived at by taking
state averages. Since information on water use in the production of
cereals and pulses was not readily available, water was dropped as one
of the inputs into production function. Apart from the inputs, selected
productivity is also governed by agro-climatic conditions. However,
information on agro-climatic conditions could not be incorporated

into the analysis due to absence of compatible data.

Data on machine labour were in nominal terms, expressed in
2011-12 prices. The Wholesale Price Index (WPI) for food grains was
selected as the appropriate deflator. Data on WPI was obtained from
the published sources of the Office of the Economic Adviser of the
Department for Promotion of Industry and Internal Trade (DPIIT).
Data on the dependent variable, output per hectare, for each crop was
compiled from the published sources of the Ministry of Agriculture

and Farmers’ Welfare.
4.2 MODEL
For each panel, TFP growth is estimated using the following model:

A Cobb-Douglas production function is assumed with five inputs: seeds
(S); fertilisers (F); human labour (HL); animal labour (Al); and machine

labour (ML) and an exogenous technology component (A).
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Y, = ASCEPHIYALZMLY @)
and
A, = Age™ 2)

Here,Y,,S,, F,,HL,, AL,, ML, are output, seeds, fertilisers, human labour,
animal labour and machine labour inputs at time t, respectively. 4,is the
technology parameter governing the shift of the production function
and it is assumed to grow at a constant exponential rate of 1. Equation
(1) can be rewritten as:

Y, = AgeMSEEPHLALIMLY 3)

Taking logarithm on both sides, we have

InY, = InAyg+ A + alnS; + BInF, + ylnHL; + §InAL; + @lnML,  (4)

Since change in technology (the second component on the right-hand
side of equation (4) is a measure of TFP according to the econometric
method), TFP can be calculated from the above equation as

TFP = InY — shgInS + shpInF + shy;InHL + shy; InAL + shy; InML
(5)°

V. RESULTS AND DISCUSSION

Between 1996-97 and 2015-16, the highest increase in yield was
recorded in bajra production at an average rate of 4.78 percent per
annum (See Table 3). This is followed by maize (2.68 percent), ragi

o sh; refers to the share of i-th factor, andi = {S,F,AL, ML, AL}.

ORF OCCASIONAL PAPER # 229 « JANUARY 2020 21



Resource Use Efficiency and Productivity: An Analysis of India’s Food Grain Sector

Table 3: Growth in food grains production (average percentage growth

per annum)

Crop Yield | Seeds | Fertilisers Human Animal | Machine
labour labour labour
Paddy 1.52 1.87 1.68 -1.06 -5.46 5.32
Wheat 0.83 -0.06 0.73 -1.28 -3.67 2.23
Jowar -0.80 1.57 2.74 -1.56 -5.97 7.40
Bajra 4.78 -0.27 5.19 0.19 -6.52 7.71
Ragi 2.51 6.73 8.37 -0.29 -2.84 17.99
Maize 2.68 -0.36 5.18 -0.39 -2.68 9.78
Barley 1.57 -0.15 1.57 -1.07 -2.62 2.90
Masoor 0.99 0.67 6.89 0.53 2.98 2.76
Gram 0.55 1.10 6.19 0.07 -4.95 4.29

Source: Authors’ own

(2.51 percent), barley (1.57 percent) and paddy (1.52 percent). Jowar
is the only crop with negative average yield rate of -0.8 percent.

In terms of average shares of various inputs, wheat accounted for
the highest share in fertilisers use (18.16 percent) and second highest
sharein the use of seeds (23.16 percent) (See Table 4). Wheat is followed
by paddy as the second highest user of fertilisers (17.26 percent)
among food grains, while average share of seed use is highest in barley
production (close to 24 percent). This could largely be on account of the

fertiliser subsidy provided by the government.

Table 5 presents results of the production function estimation,
with outputs from both the fixed-effects and random effects models. It
is seen from the table that the estimates obtained by the fixed-effects
and the random-effects are close for wheat and paddy except for human
labour and time variables, which are significant in the random-effects
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Table 4: Average shares of various crops to total food grains production
vis-a-vis yield, seeds, fertilisers, human labour, animal labour and
machine labour

Crop Yield Seeds | Fertilisers | Human Animal | Machine

labour labour labour
Paddy 13.67 8.61 17.26 13.79 12.36 11.57
Wheat 17.99 23.17 18.16 711 5.81 154
Jowar 5.47 3.16 6.17 6.9 8.76 6.18
Bajra 5.99 0.99 7.14 7.47 4.5 9.75
Ragi 9.36 2.58 9.37 14.53 17.31 4.59
Maize 13.68 4.26 13.07 10.21 9.52 7.21
Barley 13.88 24.02 11.42 8.21 4.21 14.41
Masoor 4.38 8.49 3.21 5.43 5.07 7.95
Gram 5.46 13.39 3.96 4.95 4.74 8.37

Source: Authors’ own

model. Going by the p-value for Hausman test, the estimates obtained
by the random-effects model are preferred. The results indicate that
the change in production of these staple crops can be explained by
both factor inputs as well as technological change represented by
the significant time trend variable which captures the exogenous
component of technological progress. A significant negative coefficient
of human labour hints towards disguised employment in wheat and
paddy production. In other words, excessive use of human labour in
production. The importance of seeds as one of the inputs of production
is found to be insignificant.

Production function estimates for coarse cereals suggest the fixed-
effects model asa preferred choice though all the inputs are contributing
insignificantly to the production. On the other hand, time trend
variable, representing technological change, is significantly influencing
coarse cereals production. Human labour is statistically significant at
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Table 5: Estimates of production function

Explanatory Variables | Fixed Effects | Random Effects
Cereals- Wheat and Paddy
Coefficients | t-statistics | Coefficients | z-statistics
Seeds 0.044 0.61 0.042 0.73
Fertilisers 0.389* 2.64 0.387* 2.83
Human labour -0.332 -1.51 -0.324* -3.58
Time 0.004 1.11 0.004** 1.93
Constant 7.774* 5.27 7.737* 6.59
No. of observations 40
Overall R-sq 0.9335 | | 09337 |
Hausman statistics 0.00
Wald Chi 2 | | 49253 |
Coarse Cereals
Coefficients | t-statistics | Coefficients | z-statistics

Seeds 0.062 0.64 0.192* 8.89
Fertilisers 0.065 1.23 0.424* 6.29
Animal labour -0.018 -0.58 -0.085* -2.33
Human labour 0.308 1.91 0.596* 5.87
Time 0.017* 4.82 0.005 1.24
Constant 4.731* 4.71 1.406* 2.96
No. of observations 100
Overall R-sq 0.615 | | 0815 |
Hausman statistics 58.56*
Wald Chi 2 | | 416 |

Pulses (Gram and Masoor)

Coefficients | t-statistics | Coefficients | z-statistics

Seeds 0.139 0.73 0.334* 4.08
Fertilisers 0.191*** 1.88 0.213* 2.13
Human labour -0.169 -1.06 -0.204 -1.29
Time -0.004 -0.76 -0.007 -1.19
Constant 6.462* 5.67 5.822* 5.87
No. of observations 40
Overall R-sq 0.675 | | 0.717 |

Hausman statistics 1.27
Wald Chi 2 | | 8892 |

*Significant at 1% level **significant at 5%
Source: Authors’ own
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only 10 percent level. The results from the random-effects model are
distinctly different.

The random-effects result of selected pulses (masoor and gram)
hint towards statistically significant effects of seeds and fertilisers use
in the production of these pulses. The effects of human labour and time
trend are insignificant.

The details of TFP growth computed in this study are provided in
Table 6. The productivity growth of wheat and paddy is poor of the
order of 0.35 percent. Coarse cereals exhibit a productivity growth of

close to 2 percent while pulses show a negative growth in productivity
(-0.05).

Table 6: Total factor productivity growth in food grains production
(average annual growth in percentage)

Food grains

Wheat and Paddy 0.35
Coarse cereals 1.99
Pulses (Gram and Masoor) -0.049

Source: Authors’ own

Partial factor productivity growth rates are reported in Table 7.
Productivity growth of seeds is the highest in coarse cereals production
(3.1 percent). Coarse cereals also seem to have experienced highest
productivity growth rates in fertilisers (4.41 percent), animal labour
(16.4 percent) and machine labour (8.1 percent). It is only in human
labour that wheat and paddy have high factor productivity gains
(nearly 4 percent).

Overall results indicate that wheat and paddy production is no
longer productive. TFP and PFP results are poor for these crops. The
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(average annual growth in percentage)

Inputs/ food grain | Wheat and Paddy | Coarse cereals | Pulses (Gram and
Masoor)
Seeds 1.005 3.059 -0.138
Fertilisers 0.825 4.412 1.367
Animal Labour 7.493 16.408 10.864
Human Labour 3.959 2.773 1.614
Machine Labour -0.545 8.098 2171

Source: Authors’ own

production of coarse cerealsis relatively better, though not encouraging.
Production of pulses requires immediate policy attention.

Based on the importance of TFP estimates, many studies have
been carried out in the past on the productivity assessment of food
grains production in India, taking different time periods. The results
vary depending on the choice of data source, the starting and terminal
years, as well as the methodology used.

Kumar and Mittal (2006) have also reported a negative TEP
growth in the production of pulses at -0.39 percent. Such a trend is
also observed by Chand et al., (2012) when they report TEP growth of
-0.69 and -0.47 percent in the production of red gram and black gram,
respectively. Bhushan (2005), for its part, report TFP growth in pulses
of 1.61 percent for the period 1981-82 to 1989-90 and 0.55 percent for
the period 1990-91 to 2000-01.*

The TFP growth estimates for coarse cereals provided by these
studies are a mix. Kumar and Mittal (2006) report 0.12 percent TEP
growth for the period 1986-2000, while Chand et al. (2012) report TFP
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growth of more than one percent for most cereals other than sorghum
(0.63 percent).

In this analysis, the TFP growth estimates for wheat and paddy
are in contrast to these three studies. The above studies present TFP
growth to be in the range of 0.68 to 3.10 percent for wheat and from
0.64 to 3.47 percent for paddy.

VI. INSIGHTS FOR “MORE CROP PER DROP”

The changing composition of food basket away from staple food
grains to high-value products will increase demand for water even
further. Production of major food crops in India requires two to four
times more water compared to other major agricultural countries like
China, Brazil, and the US.>* Around 45 percent of the current area
under cultivation consumes about 84 percent of total available water
while the industrial and domestic sectors consume about 12 and four
percent, respectively.’* Three major water-intensive crops—rice, wheat
and sugarcane—account for more than 80 percent of the irrigation
water.” With irrigation predicted to remain the dominant user of water,
more crop per drop is an imperative. Improving water use efficiency is
a critical response to expand area under irrigation while also leaving
enough water in rivers and lakes to sustain the ecosystem and meet the
growing demand of domestic and industrial sectors.

Aqueduct, an online tool to calculate water stress index created by
the World Resources Institute (WRI), maps India among some of the
most water-stressed regions in the world.>®>"? Supply-side measures

p  Avregion is considered to be water stressed if water availability is below 1700 m?
per person per year, according to the Falkenmark indicator. In India the water
availability, as per 2011 census figures, stood at 1545 m®.
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to circumvent water stress in India include developing additional
surface and groundwater resources and providing subsidised energy to
exploit these resources.”® Improving water productivity, however, will
be a more sustainable approach for increasing production under these
increasingly stressful water conditions across the country. As many
countries across the world, and large, water use-intensive regions within
them, like Punjab and Haryana in India, are breaching the thresholds
of economic and physical water scarcities, it is imperative to measure

the productivity of water use in agriculture.’® ¢!

Water productivity can be measured in terms of economic and
physical output potential of total water used. It is important to
understand water productivity in terms of these components because
water productivity is scale-dependent: from plant to plot, to farm to
agricultural system to command area and river basin. Economic and
Physical Water Productivity ratios are defined as follows:

« Physical Water Productivity (PWP): It is defined as the ratio
of agricultural output to the total amount of water consumed
(expressed as kg/m?). It represents the output produced per cubic
metre of water.

Total Production!

Physical Water Productivity} = Total Water Requirement’
i

+  Economic Water Productivity (EWP): Economic water productivity
is defined as the ratio of value of crop output to the amount of
water requirement. This represents the economic return from a
cubic metre of water. It is expressed as Rs/m?.

Total Value of Outputf
Total Water Requirement!

t_
;=

Economic Water Productivity
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Here, 7’ refers to the crop variety and ‘t’ represents the time period.
The ratios have been calculated for each crop in each time period.

Total water requirement has been calculated from the crop water
requirement as defined by FAO. These figures were calculated by
multiplying the water requirement (in metres) of each crop by the area
under cultivation (in square metres) of the corresponding crop. The
product yields the total volume of water (in cubic metres) required by
each crop. EWP and PWP has been calculated for paddy, wheat, ragi,
maize, jowar, bajra, barley, arhar, gram, masoor, moong and urad.
Table 8 depicts the average of water productivity ratios for the crops

mentioned.

Table 8. Average water productivity ratios

Water Productivity Economic water Physical water
Ratios productivity (Rs/cubic productivity (kg/cubic
metre) metre)
Paddy 1.21 0.12
Wheat 3.75 0.50
Ragi 0.36 0.20
Maize 1.92 0.14
Jowar 1.31 0.40
Bajra 6.98 0.27
Barley 2.84 0.40
Arhar 2.00 0.11
Gram 9.24 0.54
Masoor 1.01 0.05
Moong 2.51 0.12
Urad 8.29 0.44

Source: Authors’ own calculations
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Physical water productivity of rice is 0.12 kg per cubic metre of
water used and rice has one of the highest water requirements. In
terms of PWP, gram is the most productive crop while arhar is the least
productive. PWP of rice is only marginally better than that of arhar.
Since paddy accounts for about 28 percent of the gross irrigated area in
the country, low PWP figures indicate inefficient utilisation of water in
the sector.®> Wheat, jowar, barley, gram and urad are relatively better

performers in terms of water use efficiency in India.

Comparing economic water productivity of these crops it is observed
that gram, urad, bajra and wheat are the top four performers while ragi,
masoor, paddy and jowar are the poorest performersin this regard. Both
PWP and EWP estimates suggest that economic and physical returns
from gram are the highest in the country. This is followed by urad, and
bajra and wheat. While both paddy and wheat are water intensive crops,
their relative performance in terms of both PWP and EWP suggest
that the former has been highly inefficient compared to the latter. It
is observed that pulses such as gram and urad are more productive in
the use of water. But in terms of acreage, pulses as a whole account for
only 14 percent of area under food grains. Trends of water productivity
of rice and pulses like gram and urad, and their acreage suggest that
water has been relatively unproductive in the former than in the latter.
This will have important implications for overall utilisation of water
resources for agriculture purposes in the country.

As highlighted by Sharma et al (2018) economic returns can be
enhanced by 147 percent by shifting from one hectare of staple crops
such as paddy and wheat to commercially high-value crops such as
pulses. As staple crops like wheat and paddy consume higher quantities
of water, this transition suggests that water-centric interventions will
improve agricultural productivity and aid in the government’s aim to
double farmers’ incomes by 2022.%
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VII. CONCLUSION

Food security encompasses manifold dimensions. It involves the
interaction of multiple components of an economy and is directly or
indirectly impacted by a host of factors, among them: occupation and
income levels of the population, gender, higher population growth,
urbanisation, low productivity of land, rising cost of food grains,
increasing cost of cultivation, geographicallocation, and climate change.
Such complexity renders it difficult to arrive at an exact assessment of
the state of food security at a given time. As a result, the quantity of
food available in a specific time period in a particular place is taken to
represent the level of food security where food production is the basis
of food availability. In India, official definitions take ‘food security’ to
be synonymous with ‘food grain security’.

The adoption of green revolution technologies in agriculture in
the 1960s transformed the situation in India from a ‘ship to mouth’
existence reliant on imports, to self-reliance in food grain production.
Food production during the green revolution was largely supply-driven,
unlike in the current neo-liberal policy regime which is mainly demand-
drivenonaccountofrising per capitaincomes, urbanisation,and changes
in dietary patterns towards high-value agricultural commodities. This
paper has discussed such income-related changes in food consumption
in both rural and urban households. In such a scenario, food security
should be envisioned as the availability not only of food grains but of
high-value products as well. Promoting a diversified production system
that improves the availability of nutrient-rich pulses, horticulture and
livestock products has to be of high priority for agricultural policy that
is aimed at food security. Meeting this increasing demand will require
additional agricultural resources for expanding agricultural production

beyond food grains.
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However, agricultural expansion in India is challenged by two major
supply-side constraints viz., land and water. The possibility of bringing
additional land under cultivation is quite limited since 60 percent of
agricultural area is occupied by food grains. At the same time, water
being another critical resource for agriculture production, it is mostly
absorbed in the wheat and paddy production, leaving most of the other
crops water-deprived. In such a scenario, future demand for food can
only be met by improving productivity and water use efficiency of food
grains, which has direct implications for the non-food grain sector.

Production function estimates from this analysis suggest that
wheat and paddy have benefitted from technological progress though
there is an existence of disguised unemployment in the production
of paddy and wheat. The model estimates of coarse cereals exhibit
technological advancement, just like the major staples. However, it is
only the production of pulses that has not benefitted from technological
change even though seeds and fertilisers have significantly contributed
to their production.

Productivity performance, measured by the growth in PFP and TFP,
has shown considerable variation among food grains. Coarse cereals
which have enjoyed the highest benefit of technological change during
the period 1996-97 to 2014-15 also show the highest TFP growth of
nearly two percent. Whereas major cereals, namely wheat and paddy,
have lagged far behind with annual TFP growth of only 0.35 percent.
On the other hand, pulses, which are relatively high-value commodities,
experienced a negative productivity growth in the order of - 0.05
percent.

Inferring from the TEP growth estimates, coarse cereals hint towards
sustainable production system while a non-positive trend in TFP growth
of pulses indicate lack of sustainability. The PFP growth estimates for
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coarse cereals substantiate this paper’s view on the sustainability of
their production system: PFP growth of most of the standard inputs
is highest in the production of coarse cereals among food grains. An
improvement in TFP is an important factor determining output growth
that has direct implications for cost reduction and subsequent increase

in income.

Furthermore, in the production estimates, this analysis could not
consider water explicitly as one of the inputs to the production process
though this resource is a critical input and a binding constraint to
Indian agriculture. Productive use of water is necessary to realise the
full benefits of fertilisers, seeds, tillage, labour, energy and machinery.
Achieving high water productivity can help reduce the cost of cultivation
of crops and the energy requirement for water withdrawal. Improved
water productivity can also help reduce the need for additional land
and water resources in both irrigated and rain-fed production systems.
Against this backdrop, ensuring optimum water productivity becomes
essential to ensure sustainable growth in agriculture.

Estimates of economic and physical water productivity from this
analysis suggest that paddy, the most water-intensive food grain
crop, is among the worst performers in terms of both PWP (0.12)
and EWP (Rs 1.21 per m®) in the food grain sector. Wheat, another
staple crop, however, is performing relatively better than paddy, and
is in fact among the best performers in terms of PWP. Bajra is the best
performer among cereals in terms of economic water productivity
(Rs 6.98 per m®). Gram, on the other hand, is the best performer on
both parameters. Urad is also doing well in terms of EWP and PWP.
The current focus of water productivity has been confined to the
objective of producing more food, incomes, livelihood though physical
water productivity can also be taken to reflect on ecological benefits
at less social and environmental costs per unit of water consumed. In
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addition, economic water productivity can be used to relate water use
in agriculture to nutrition. This is evident from our EWP figures on
bajra (Rs. 6.98 per m?), gram (Rs. 9.24 per m®) and urad (Rs. 8.29 per
m?)- some of the more nutritious and high-valued food grains- vis-a-
vis major staples like paddy and wheat.

The objective of agricultural development cannot be confined
to maximising productivity per unit of land but also optimising
productivity per unit of water for achieving ‘more crop per drop’.
Promoting higher water use and land use efficiency is a critical response
to meeting growing future consumption demand for high-valued
horticulture, livestock and dairy products. Harnessing improvement
in productivity and resource use efficiency along with diversification
towards high-value crops offers a great potential to doubling Indian
farmers’ incomes in real terms. ©RF
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