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Water Productivity of Food Grains in India:
Exploring Potential Improvements

Upali A. Amarasinghe and Bharat R. Sharma
International Water Management Institute, New Delhi, India

Introduction

“In broadest sense, water productivity reflects the objectives of producing more food, income,
livelihoods and ecological benefits at less social and environmental cost per unit of water,
where water use means per either water delivered to a use or depleted by a use. Put it simply,
it means growing more food or gaining more benefits with less water.” In: “Water for food
and Water for life’ of the Comprehensive Assessment of Water Management in Agriculture
(Molden and Oweis 2007).

Growing more food and gaining more benefits with less water have received significant
attention recently. Many countries in the world (Seckler et al. 1998; IWMI 2001a; Rosegrant
et al. 2002; de Fraiture and Wichlens 2007) and regions within countries (Amarasinghe et al.
2005, 2007a) are reaching the thresholds of physical and economic water scarcities. Physical
water scarcity is primarily due to inadequate water supply for meeting increasing water
demands. Economic scarcity occurs when financial costs of new water resources development
projects are prohibitively high for the prevailing economy. To ensure national food security,
most developing countries tend to build additional water resources either through the
allocation of larger domestic funds or through borrowings from international financial
institutions. One option, perhaps the most feasible one, for increasing crop production under
growing water scarcity is to increase the productivity in existing uses of water. So, like the
campaign for ‘more crop per unit of land’ in the 1970s due to food scarcities, ‘more crop or
value per drop of water’ due to water scarcities is also becoming an important topic in
international and national discourses.

The concept of growing more crops from every unit of land gathered momentum in
the 1970s due to increasing population and shrinking per capita agricultural land availability.
Food and livelihood security of an increasing population were key drivers of the ‘Green
Revolution’ in the 1970s. A significant outcome of this campaign was a remarkable increase
in crop yield or land productivity. Irrigation combined with improved seed varieties, and
increased fertilizer input and farm machinery use contributed to this yield increase. However,
a significant scope still exists for many countries/regions to attain higher yields. For example,
India, the world’s second most populous country and the largest food grain producer, still
has one of the lowest land productivities. Doubling land productivity over the next five
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decades, although a target far below what other major crop producing countries have
achieved during such a time span by now, could help India to meet most of its additional
food demand. So increasing land productivity is still relevant for many countries, and regions
within countries. In fact, with the decreasing size of landholding per person, improving
economic productivity per unit of land should be the primary concern for India now. But,
unlike five decades ago, water, a critical input for agriculture and human well-being and
ecosystems, has also become a constraint in sustaining the benefits achieved so far, and
expanding the irrigated areas for enhanced crop production. As a result, increasing WP is
also gaining new impetus.

Increasing WP is a relatively new concept. Seckler (1996), Molden (1997) and Koppen
(1999) discussed different dimensions of enhancing WP, which included ‘more crop or
value or job per drop of water’. Securing more ‘crop per drop’ is extremely important in
today’s context where climate change and the energy crisis are affecting vast populations,
especially the rural poor in developing nations. The initial thoughts of Seckler (1996) and
Molden (1997) were vigorously pursued by various international programs led by the
International Water Management Institute (IWMI)—(Rijsberman, 2003). These programs
culminated in a valuable collection of studies on opportunities and potential for improving
WP in different livelihood settings, agro-ecological regions, cropping patterns etc. (Kijne
et al. 2003). Our attempt here is to advance the knowledge on improvements of crop water
productivity at the subnational level. This is especially important for a country like India
with a significant spatial variation in climate, water availability and water use, and also
where most river basins are fast reaching the threshold of water resources development
(Amarasinghe et al. 2005).

The focus of this study is on the assessment and potential for improvement of WP of
food grain crops in India. Cereals, mainly used for food, at present, occupied 65 % of the
gross cropped area in 2000 (GOI 2007) and contributes to about 65 % of total calorie supply
in daily diets (Amarasinghe et al. 2007a). With changing consumption patterns, feed grains,
non-grain crops and livestock production also require more land and water. Thus, future
food grain requirements will have to be met with lesser amount of additional land and water,
which calls for increasing land and water productivity in food grain production. In fact, if
land productivity (or yield) of grains increases at a rate of 1.04 % annually, India can easily
meet the projected food and feed grain requirement of about 380 million tonnes by 2050
without any addition to the consumptive water use (CWU)—(Amarasinghe et al. 2007a). In
other words, such growth pattern would require no additional or perhaps less irrigation water
for food production. These national level scenarios are very appealing in light of the
increasing water demand in and competition from other sectors (industrial, domestic and
environment) and increasing water scarcities in many productive regions. But, how can we
realize such goals in vast regions with varying water and land availability and climatic
conditions? We explore some directions in this paper. The study presented in this paper
assesses the extent and determinants of spatial variations of WP of grains at the district
level and identifies pathways of increasing WP in irrigated and rain-fed areas. Thus, the
present study is a continuation of the assessment WP at the national and state level provided
in Amarasinghe et al. (2007a).

Unless stated otherwise, definition of WP in this paper is food grain production from a
unit of water depleted. Indeed, there are many definitions of WP which are based on which
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crop (numerator) or which drop (denominator)—(see Molden et al. 2003 for a detail discussion).
Determinants of water productivity are scale-dependent, and also dependent on the objective
of analysis. For crops, it relates to plant biomass per unit of transpiration, and between them
there exists a linear relationship (Tanner and Sinclare 1983; Steduto and Albrizio 2005 cited in
Molden and Oweis 2007). At field scale, farmers would like to know the physical production
per unit of water allocated to different crops or the net return from the water delivered to the
entire farm. At the level of an irrigation system, irrigation managers would be interested in
knowing the value of production per unit of water delivered. Indeed, at the field or system
scales, part of the water delivered is often reused within the field or system or elsewhere in
the basins. Thus, for comparison between systems or between fields/farms at different locations,
value of production per unit of consumptive water use (evapotranspiration) could be a better
measure. The maximum of crop WP estimated in relation to evapotranspiration is close to the
WP estimated in relation to transpiration under a given set of climate and soils. Thus, the
difference between maximum yield and actual yield under a given agro-climatic condition shows
the extent of increase in yield and WP possible through increased transpiration. For this
purpose, we selected the definitions of WP of food-grains as the ratio of production and the
crop consumptive use.

There are mainly two potential ways of increasing WP of food grains in India. First, is
by increasing food grain yield with little or no additional CWU. There are a large number of
low productivity areas having high potential for increasing crop yields by combining better
water management, including improving reliability of irrigation deliveries in irrigated areas or
providing a little supplementary irrigation in rain-fed areas, and agronomic practices and
technology inputs. Second, is by reducing the amount of water depleted in irrigation with
only little or no negative impacts on the yield. Water thus saved can be used for expanding
the cultivated area and increase crop production or for beneficial uses in other sectors (Kumar
and van Dam 2008). These are essentially areas receiving intensive irrigation and high dosage
of crop inputs such as fertilizers and pesticides, and recording high crop yields, but with high
incidence of overirrigation resulting in non-beneficial evaporation.

We have focused on potential contribution of higher crop yield and lower CWU in
increasing the WP in different districts in India. It first identifies low productivity but high
potential zones where a provision of supplemental irrigation could boost both the yield and
WP significantly. It also identifies high productivity zones where there is a great possibility of
water saving per unit of land, with little or no loss of production, or expanding production
frontiers with no extra provision of irrigation water. In the next section, we discuss the
methodology for achieving this and the data used for the study. In section three, we explore
pathways of increasing WP and crop outputs. We conclude the paper with a discussion on
policy implications.

Methodology and Data
Assessment and identifying determinants for improvement in WP of food grains is the main
focus of this paper. Food grains consist of rice (milled equivalent), wheat, maize, other coarse

cereals (sorghum, pearl millet, maize, ragi, barley and small millets) and pulses (gram, tur and
other pulses)—(GOI 2007). Total food grain production per unit of CWU (kg/m®) defines
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WP in this paper. The CWU in irrigated areas is potential evapotranspiration (ETa)' during
crop growth periods of different seasons and is given by

oW " = " x( S ke, x| T e )
ke growth periods le months
for the j™ crop in the i season. Where Kc’s are the crop coefficients that vary over four
growth periods and Et’s are monthly reference evapotranspiration. ETa essentially is the
aggregate of effective rainfall (ERF) and the net irrigation requirement (NET).
CWU in rain-fed areas is only the effective rainfall during the season, and is estimated as

oW =A™ X X min (Kcik 2Bt X ERFI_H>

ke growth periods le months le months

where ERF,, is the effective rainfall of i month in the k™ growth period. The total annual
CUW of a district is estimated as

cwu =2 X (cwu+owu)
ie seasons le crops
And the total WP is estimated by

D, average yield X (Area® + Area?F)

jecrops

WP =

awJ

where food grains consist of rice, wheat, maize, other coarse cereals and pulses (see
Amarasinghe et al. 2005, 2007a for more details).

First, this study maps and gives a brief account of spatial variation in WP across states
and districts in India (Figure 1).

Here we estimate the total WP across states and districts and assess the determinants
of spatial variation. We use a multiple regression to assess implications of access to irrigation
and other input use on spatial WP variation. We use total CWU as a proxy for availability of
water supply for crop production, and percentage of groundwater irrigated area as a proxy for
reliability of irrigation. In general, groundwater, with its easier control in operations, is more
reliable than canal irrigation. However in some cases, pumping water in groundwater irrigation
can be as unreliable as canal irrigation supplies because of the former dependency on an
unreliable electricity supply for such pumping.

Second, it assesses pathways of increasing WP at the district level and their potential for
irrigated and rain-fed land areas. This potential varies in different CWU regions (A, B and C in
Figure 2). With increasing CWU, both maximum yield and WP increases in CWU region A, yield
increases but WP decreases in region B and both yield and WP decreases in region C.

' In some areas, the actual evapotranspiration could be less due to deficit irrigation or nonoptimal
field conditions.
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Figure 1. State and river basin boundaries in India with variation in water productivity of food grains
across districts.
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Figure 2. Pathways of increasing WP.
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We hypothesize that a significant potential exists for increasing WP and production through:

e Bridging the gap between the actual and the maximum land productivity (yield). This
can be done at any level of CWU in regions A, B and C in Figure 2, where a significant
gap exists between actual and maximum yield. Maximum yield is the one that is attained
under the current level of water and other agronomic and technological inputs.

e  Providing additional irrigation to increase CWU in region A (Figure 2). These are mainly
rain-fed areas, and a small increase in CWU can generate a large increase in land and
water productivity and production. A comparable increase in CWU in region B would
result in smaller growth in yield and hence production. However, additional CWU
would decrease WP in region B. These areas need diversification of crop production
or agriculture patterns to increase the economic value of water productivity.

e  Practicing deficit irrigation for not meeting the full water requirement in irrigated areas.
This potential exists in CWU region C (Figure 2). Reducing CWU in this region would,
in fact, increase land and water productivity and, hence production. Many a time,
these are the irrigated areas with large irrigation application and poor water
management. Thus, deficit consumptive water use with proper water management can
have large benefits in terms of irrigation demand and food production.

To explore these opportunities at the district level, we estimate the relationships between
yield and CWU and WP and CWU. First, we estimate the maximum land and water productivity,
which are attained at different levels of CWU. For this, we use two to three of the largest yield
values at different CWU regimes (0-50 mm, 50-100 mm, 100-150 mm, etc.,) and estimate the
maximum yield function. Next, we assess the potential for yield or WP improvements through
additional, supplementary and deficit irrigation.

Data for the study consists of district level land use and crop production for 2000
(averages of 1999-2001). Three-year averages smoothen the deviations due to high short-term
temporal climatic variations. For the analysis at district level, we look at the extent of irrigated
and rain-fed areas of different crops, and the combined total production. These were collected
from the Government of India and other sources (FAI 2003a-d; GOI 2002, 2007). Climate data
(monthly potential evapotranspiration and rainfall) for the study was available from Climate
and Water Atlas (IWMI 2001b). We consider 403 districts in 20 major states namely, Punjab,
Haryana, Uttar Pradesh (UP), Himachal Pradesh (HP), Uttarankhand, Jammu and Kashmir (in
the north); Bihar, West Bengal (WB), Assam, Jharkhand (in the north-east), Orissa and Andhra
Pradesh (AP) —(in the east), Tamil Nadu (TN), Kerala, Karnataka (in the south), Maharashtra
and Gujarat (in the west), Rajasthan (in the north-west)and Madhya Pradesh (MP) and
Chattisgarh (in central India). These districts contribute to about 99 % of the consumptive
water use and 98 % of the production of food-grains in India (Amarasinghe et al. 2008b).

Water Productivity of Food Grains— Present Satus

At present, WP of food grains in India is significantly lower when compared to other major
food-grain producing countries in the world (Molden et al. 1998; Rosegrant et al. 2002; Cai
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and Rosegrant 2003). In 2000, WP of food-grains in India was only 0.48 kg/m? of CWU. This
was primarily due to low growth in yields. India’s food grain yield was 1.7 tonnes/ha in 2000,
which has increased only by1.0 tonnes/ha during 1960-2000 (FAO 2005). Meanwhile, China
with a similar level of yield in 1960 (0.9 tonnes/ha) has increased to about 4.0 tonnes/ha by
2000. The USA made vast strides by increasing food grain yield from 2.5 tonnes/ha in 1960 to
5.8 tons/ha over the same period. Also, India produces less grain in spite of having a large
cropped area (205 million tonnes in 124 million ha), while China and USA have much larger
production (using less water) from a significantly smaller crop area. Indeed, India has significant
scope for raising the levels of WP by increasing its crop yield alone. Better water management
can create additional increase in WP in many regions.

Variations of Water Productivity among States

WP varies from 1.01 kg/m? in Punjab (the highest) to 0.21 kg/m?® in Orissa (the lowest) among
states (Table 1).

These differences are mainly due to varying cropping and land-use patterns, yield levels
and CWU. Among the large variations, we observe: Punjab, Haryana and Uttar Pradesh (UP)
in the Indo-Gangetic basin (IGB) are having the highest water productivities. These states,
with rice-wheat dominated cropping pattern, share 26 % of the total CWU in India, but
contributing to 40 % of the total food grain production. Importantly, they contribute to 70 %
of wheat and 26 % of rice production in India. A major part of the area under food grain in
these states is irrigated. It is 67, 85 and 97 % in Uttar Pradesh, Haryana and Punjab, respectively,
and contributing to 48, 72 and 75 % of the CWU.

Low share of irrigation to total CWU in Uttar Pradesh means that effective rainfall
contributes to a significant part of CWU. In fact, substantial variation in WP too exists within
Uttar Pradesh. For example, water productivity in 53 districts in Uttar Pradesh varies between
0.40 to 1.02 kg/m?. Western region with 20 districts has 34 % of the grain area, contributing to
40 % of the total food grain production. Average WP in the western region is 0.75 kg/m®. Eastern
and Bundelkhand regions encompassing 23 districts have 48 % of the area under food grains,
contributing to 42 % of the total food grain production. Average water productivity in these
two regions is only 0.54 kg/m?®. A key difference between the western and eastern and
Bundelkhand region is in the irrigated area, where 82 % of the area is irrigated in western
region against 54 % in the eastern and Buldelkhand region.

e  Bihar, also in the IGB, with 82 % of the area under wheat and rice, however, has lower
WP and share 6.2 % of CWU and 5.9 % of the food-grain production in India. Irrigation
contributes to 60 % of the area and 33 % of the CWU in Bihar. Although a major part
of the grain area is irrigated, effective rainfall meets much of the CWU in Bihar at
present. Irrigated areas contribute to 65 % of total CWU in Bihar, but irrigation
contributes to only 51 % of CWU in irrigated areas.

e Andhra Pradesh, Tamil Nadu, West Bengal and Kerala with rice-dominated cropping
patterns (more than 80 % of grain area) have slightly higher WP. These states share
19 % each of total CWU and total grain production of India. While irrigation
contributes to major part of CWU in Andhra Pradesh and Tamil Nadu (47 % and 58
%), it contributes to only 15 % and 26 % of the CWU in West Bengal and Kerala.
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e Orissa, Chattisgarh and Jharkhand, in eastern India, have the lowest water
productivities, and share 12.8 % of the total CWU, contributing to only 6.3 % of the
food grain production. These are major rain-fed states where rice dominates the
cropping patterns. In Orissa and Chattisgarh, 26 and 21 % of the area under food
grains are irrigated, but irrigation contributes to only 8 and 12 % the CWU,
respectively. The share of irrigated area (8§%) and contribution from irrigation to CWU
(3%) are even smaller in Jharkhand.

e  Maharashtra, Madhya Pradesh, Karnataka and Gujarat with a mixture of cropping
patterns (more than 50 % of the area under maize, other coarse cereals and pulses)
have lower water productivity. They share 27 % of CWU and contribute to 21 % of
food grain production in India. Irrigation in Maharashtra and Karnataka covers only
15 and 23 % of area, respectively, contributing to 17 and 28 % of CWU. However,
irrigation in Madhya Pradesh and Gujarat covers 29 % of the area under food grains,
contributing to 52 and 41 % of the CWU.

Extent of irrigation and cropping patterns partly explain the variation in water productivity
among the states. Presence or absence of irrigation (irrigated and rain-fed areas) mainly explains
the variation in total water productivity.” Additionally, the land use and cropping patterns of
food grains significantly influence water productivity differences between states.

In 2000, irrigation covered 43 % of the area under food grains, but contributed only to
68 % of the total production. While many opportunities still exist in improving WP in irrigated
and rain-fed conditions with the existing level of water use or with proper cropping patterns,
shifting production frontiers of rain-fed food grain crops through new irrigation could also
boost WP significantly. These regions require not only better water management but also better
non-water input application. Depending on CWU and actual irrigation at present, improvements
in WP with better water management require various interventions-—from full irrigation to
small supplemental irrigation, no additional irrigation to deficit irrigation. We discuss these in
detail in the next section by assessing functional relationships of yield versus CWU at the
district level. Before that we present the spatial variations of WP across the districts in India.

Variations in Water Productivity among Districts

District-wise water productivity values vary between 0.11 kg/m? to 1.25 kg/m?* (Figure 1, Annex
Table 1). WP in the first to fourth quartiles (Q1-Q4) vary from 0.11- 0.34, 0.34-0.45, 0.45- 0.60
and 0.60-1.25 kg/m?). Districts in the fourth quartile of water productivities account only 22 %
of the total area under food grains and 22 % of total CWU, but contribute to 38% of total food
grain production of all districts in this study (Figure 3). Irrigation provides water supply to 72
% of the total area under food grains in this group, and contributes 81 % of total CWU and

2 WP = 0.021 + 0.59 IWP + 0.37 RWP + 0.11 PCGRIRAR-0.09 PCRIAR, Adjusted R*>= 97%
(.029) (0.06) (0.05) (0.05) (0.02)

Values within parentheses are standard errors of estimates. TWP, IWP and RWP are total, irrigated and

rain-fed water productivity, PCGRIRAR is irrigated grain area as a % of total grain area and PCRIAR

is percentage of area under rice.
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Figure 3. CWU, area and production of food grains.
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87 % of total food grain production. In irrigated areas, net evapotranspiration (NET) accounts
for 72 % of CWU.

On the other hand, districts in the first quartile of water productivities account 30 %
of total area under food grains and 29 % of total CWU, but they contribute to only 15 % of
total crop production. Effective rainfall, the main source of water supply in this group,
accounts 83 % of the total CWU.

These observations show irrigation is a major contributor to higher yields and hence to
the production in these districts, and they in turn contributed to higher water productivity.
Further analyses (Table 2)° show that in districts with a substantial irrigated grain area (i.e., districts
with percentage of irrigated grain area more than 25 %):

1) Relative increase in WP is significantly higher when actual yield is much lower than the
maximum yield. Every 1 % increase in yield increases WP by 0.65 % (first regression in
Table 1). Large potential of increasing WP exist in areas where both yield and CWU are
significantly low or in areas where CWU is high but yield is significantly lower than the
maximum. There are many districts with significantly high CWU, but with a significant
gap between maximum and the actual yield. It is in these areas that there exists a high
potential for reducing the yield gap and increasing WP with better water and input
management. Part of the reasons for a low yield gap in areas with high CWU could be
agro-climatic factors. In these areas, only a proportionate increase in CWU can increase
the yield and WP (Molden and Oweis 2007).

*Note: First regression in Table 2 assess the extent that variation of yield explains the variation of WP.
The last two regressions asses the contribution of differences of CWU (mm), fertilizer application per
gross cropped are, and groundwater irrigated area as a percent of gross irrigated area explain the variation
of yield and WP. To some extent, fertilizer application/ha show the extent of application of non-water
inputs. Ground irrigated area could be considered to indicate the reliability of irrigation water supply.
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Table 2. Regressions of yield and WP of food grains.

Explanatory variable Coefficients (standard errors) of
explanatory variables (n = 255)

Ln (WP) Yield WP
Ln (Yield) (tonne/ha) 0.66 - -
(0.027) *
Constant -5.59 356.0 0.60
(0.19) * (196.0) * (0.1) *
Total CWU (mm) - 1.5 -0.0009
(0.5)* (0.0001) *
Fertilizer application/gross cropped area (kg/ga) - 8.1 0.002
0.6) * (0.0001) *
Groundwater irrigated area - % of gross irrigated area - 3.6 0.0008
(1.1)* (0.0001) *
Adjusted R? 59% 51% 41%

Note:  *- Statistically significant at 0.001% level

2) Average yield increases, but WP decreases with increasing CWU. This indicates that
at present, the rate of increase in average yield is lower than the rate of increase of
CWU with an increase in irrigation inputs.

3) Higher fertilizer inputs are significantly associated with higher yields and WP.
Groundwater irrigation contributes significantly to increasing yield and also WP. This
perhaps indicates that, in spite of a negative relationship between WP and increasing
CWU, reliable irrigation deliveries, in this case through groundwater, can have a
significant positive effect in increasing both WP and yield.

Molden et al. (2003) suggest improvements of non-water inputs with better water
management could be an effective strategy for increasing yield and WP in many regions. The
above regression results also show that better management of irrigation and non-water inputs
can substantially increase food grain yield and WP. In fact, we observe that significant
variations exist in yield and WP at different levels of irrigated grain area (i.e., 0-10 %, 10-20 %,
20-30 %, 30-40 % etc., of the total area), where coefficients of variation (CV=standard deviation/
average) of yield and WP vary from 20 to 51 and 23 to 50 %, respectively, and decreases with
increasing irrigated area. The smallest CV of yield is in districts where the percentage of the
irrigated area is between 70 to 80 %, while the largest CV of yield is in districts where the
percentage of the irrigated area is between 20 to 30 %. This shows that there still is great
scope for increasing the yield and hence WP at any given level of the irrigation patterns.
However, opportunities for increasing yield through better management of water and non-water
inputs are higher in districts with high CWU.

Additional irrigation could be a major boost for increasing yield in many districts with low
CWU or low irrigated area. In fact, recent research (Sharma et al. 2006) indicates that providing
a small supplemental irrigation of about 100 mm during critical water stress periods of crop growth
can significantly increase crop yields in major rain-fed districts of India. Sharma et al. (2006) and
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Wani et al. (2003) show that rainwater can be managed through in situ harvesting to provide
supplemental irrigation to increase yields in rain-fed cropping systems. Significant scope also
exists for increasing the yield and WP in many districts with moderate to high irrigation inputs.
All these offer opportunities for increasing the numerator, i.e., production in WP estimation.

Is there scope for increasing WP by changing the denominator, i.e., the consumptive
water use? In fact, many canal irrigation systems in water-scarce north-western parts of India
are good examples where this is already happening (Malhotra 1982; Perry and Narayanamurthy
1998; Sakthivadivel et al. 1999). Due to water scarcity water delivery in these systems uses the
warabandi* principle. The farmers practice deficit irrigation in a larger area at the expense of
meeting full requirement of a smaller area with a view to maximizing returns to a unit of water
delivered and consumed. Deficit irrigation could be a good strategy for increasing WP where
water is scarce but land is not (Molden et al. 2003; Kumar and van Dam 2008). And as shown
by Oweis and Hachum (2003), such practices can result in significant increase in crop output
too. We explore these in the next section.

Some Pathways of Improving WP in India

Figure 4 shows that several strategies exist for increasing WP in Indian districts. X-axis in
Figure 4 represents consumptive water use (mm), while Y-axis represents food grain yield
(1,000 kg//ha) and growth in yield (in 1,000 kg) per every additional unit of CWU. Average

Figure 4. Relationships of yield and consumptive water use (CWU) of food grains.

5 5
) =-0.64 In( )2 +7.93 IN(x) - 16.31
R?=0.96
|
4 4
N ———
.\
1
3 v n 3 —
- / o =
© / o O &)
< / X QT T
5, &5 , =
= o0 T
3 . ¥ 5
> . ]
/ 8 o £
1 u/ 1.°
/e
0 _—— 0
q 100 200 300 400 500 600~ --—--— 700 800
1 1
CWU (mm)
o Yield —e—-- —-d(max yieldyd(mm)-200 mm ~ ---------- Aveage yield
Max yield function ~— —-—-—-— d(max yield)/d(CWU)-100 mm

4 Warabandi, where‘wara’ means turn, and ‘bandi’ means fixed, is a rotational system of irrigation
delivery with turns are fixed according to a predetermined schedule specifying the day, time and
duration of supply (Malhotra 1982). Warabandi promotes equity of water distribution in a larger
area than adequate water supply to a small area.
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yield function takes Cob-Douglas form (In(yield) = 2.48-.18 In(CWU), R>= 0.29). We use
2-3 highest values of yield in each category of CWU (0-50, 50-100, 100-150, 150-200, etc.,) for
estimating the maximum yield function. Figure 4 also depicts two marginal yield curves
(d [max yield]/d [CWU]) for increase in CWU of 100 and 200 mm.

Figure 4 also shows that all three hypotheses that we mentioned earlier exist in food
grain production in Indian districts:

1) A significant gap exists between maximum® and actual yields in many districts, with
the magnitude of the gap increasing with increasing CWU;

2) A significant marginal gain in maximum yield can be achieved with additional CWU in low
to moderate CWU districts. These are mainly the districts with large rain-fed areas; and

3) Little or no gain in maximum yield can be achieved by increasing CWU in moderate
to high CWU districts.

So, WP of districts can be increased by:
e increasing the numerator (or yield)

e by reducing the gap between actual and maximum yield with or without increasing
the CWU in districts with moderate CWU, and

e by increasing CWU in low CWU regions

Decreasing the denominator (or CWU) without losing any yield or overall production
benefits to a unit of water consumed at all in mainly irrigated districts with high CWU.

Diversifying agriculture to high-value crops or livestock in rain-fed or irrigated regions
with moderate to high CWU, where further increase in yields of food grains is not possible by
increasing CWU.

Reducing Yield Gap

With large gaps between actual and maximum yield, first strategy in improving WP should be
increasing yield without additional CWU, and hence without additional irrigation. To better
understand the dynamics of WP variations, we divided the district into two groups. First group
has districts with an irrigated grain area of less than 25 % of the total area under food grains,
where rain-fed food grain production dominates. There are 158 districts in this group and the
total CWU in rain-fed area is 79 % of the total CWU (see Annex Table 1). The other group has
an irrigated grain area of more than 25 % of the total grain area. There are 251 districts in this
group and the total CWU of irrigated area is 72 % of the total CWU, and more than half of
CWU in the irrigated area is from irrigation water supplies.

5 The maximum yield attained at present could however, vary from one agro-climatic zone to other. So,
the gap between the actual yield and the maximum attained at present as indicated in Figure 3 for some
districts could be slightly lower.
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There are 32 districts (25 from the first group, 7 from the second group) with yield gaps
more than 75 % of maximum yield ,162 (86 and 76 from the two groups) districts with yield
gaps between 50 % to 75 % of maximum yield, 151 (31 and 120 from the two groups) districts
with yield gaps between 25 %-50 % of maximum yield and 58 districts has yield gaps less than
25 % of maximum yield (10 and 48 from the two groups)—(see maps on the left in Figures 4
and 5 for the locations). Maps on the right in Figures 5 and 6 show the absolute gap between
actual and maximum yield.

Figure 5. Yield gap in food grains in districts with irrigated area under food grains less than 25% of
the total area.
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Figure 6. Yield gap of food grains in districts with irrigated area under food grains more than 25% of
the total area.
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If the gap between actual and maximum grain yield of each district can be reduced by
25 %, total production could be increased from 203 to 252 million tonnes. If increase in yield
is possible without increasing CWU, WP would increase from 0.48 to 0.60 kg/m®. A reduction
in yield gap by 50, 75 and 100 % without increasing CWU could increase production to
300, 349 and 397 million tonnes, respectively, and WP to 0.72, 0.83 and 0.97 kg/m?, respectively.
The latter requires only little over 1% yield increase annually, and the resultant total production
is adequate for meeting the grain demand in 2050 (Amarasinghe et al. 2007a).

Indeed, reducing the yield gap without increasing consumptive water use or simply
without additional irrigation offer significant opportunities for increasing production and WP.
This shall be possible through better adoption of improved/ hybrid varieties in both rain-fed
and irrigated areas, better targeting of nutrient requirements/deficiencies, timely completion of
farming operations, control of plant diseases and pests and a better synchronization between
crop water requirements and irrigation supplies in irrigated areas.

Many districts with a large proportion of the area under irrigated grain production (irrigated
area under food grains >25 % total grain area) have yield gaps exceeding 25 % of maximum yield
(Figure 6). The actual yield gap in most of these districts is more than the average yield at present
(1,660 kg/ha), and majority of the CWU in irrigated areas of these districts are from irrigation
water supply. These districts have high potential for reducing the yield gap without increasing
CWU, through better in situ management of rains, and irrigation water management. We also
observe that districts with a large irrigated area under food grains with large CWU have relatively
high level of fertilizer use (Figure 7, see Annex Table 1). Thus better management of non-water
inputs with existing irrigation supply could reduce most of the gap in the yield in these districts.
This group, with 261 districts (Figure 6), contributes 53 % of total area under food grains, 80 %
of total irrigated grain production, and share 79 % of total CWU through irrigation. Reducing
the yield gap by 25, 50, 75 and 100 % in these districts could increase production by 17, 34, 51
and 68 %, respectively, from the level of production in 2000.

Figure 7. Fertilizer use at different levels of CWU.
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Note:  Figures within parenthesis in the X-axis are numbers of districts with irrigated area <25% and >25%, respectively
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The districts which are mainly rain-fed, i.e., districts with less than 25 % of its food grain
area under irrigation, also have large yield gaps. The CWU of 55 % of these districts is less
than 300 mm, and fertilizer application in those is very low compared to irrigated grain area.
The quantity and reliability of the water supply, especially from rainfall are the biggest
constraints for increasing input application and hence yield in this group. If yield is to increase
in these districts, they require additional irrigation combined with better management of non-
water inputs. This is the focus of in the next section.

Providing Additional Irrigation

Second strategy for improving WP is providing additional irrigation. The districts with low
CWU have the highest potential for increasing yield by increasing CWU (Figure 4). Marginal
yield curves (d [max yield]/d [CWU]) show that increasing CWU could significantly increase
the maximum yield in many districts with low CWU. With 100 mm of additional CWU, the
maximum yield can be doubled in districts with less than 150 mm of CWU (see d (yield)/d
(CWU)-100 mm curve). With 200 mm of additional CWU, the yield can be doubled in districts
with less than 225 mm of CWU. Many of these districts can increase the yield by providing
small to moderate irrigation or by increasing the amounts of effective rainfall through in-situ
conservation and storage.

However, growth in the food grain yield with supplemental irrigation decreases in districts
with high CWU. Both scenarios of supplemental irrigation (100 or 200 mm), marginal growth in
yield decreases and become negative after 475 mm of CWU (Figure 4). This is also due to the
fact that most food grain crops grown under rain-fed conditions (sorghum, pearl millet, local
maize and small millets) have very low values of harvest index with only a fraction of biomass
converted into grain yields. If increasing yield is the sole objective then providing additional
irrigation (with existing crops and their varieties) would only benefit districts with CWU of
less than 475 mm.

However, growth in WP becomes negative in many districts with CWU being well below
475 mm (Figure 8). Figure 8 depicts district level variation in WP with respect to CWU. Marginal
WP curves (d[max WP]/d[CWU]) show that additional irrigation can more than double maximum
WP in districts with only low CWU (below 150 mm). The WP growth becomes negative with
additional irrigation after 225 mm of CWU. For assessing the potential benefits with additional
irrigation, we consider three subgroups of districts: subgroup 1 with a total CWU of below
225 mm, subgroup 2 with total CWU of between 225 and 475 mm and subgroup 3 with a total
CWU of above 475 mm.

Subgroup 1: There are 39 districts in this category (first group of map A and B in Figure 9).6
And 38 of them belong to districts with an irrigated area of food grains below 25 % of the area
under food grains. These districts share 12 % of the total area under food grains but contribute
to only 4 % of the food grain production at present. More than 80 % of the area in these
districts is rain-fed. In fact, the CWU of rain-fed areas (map E, Figure 8) contributes the most

®Figure 8 shows two sets of maps indicating the variation of CWU in districts with irrigated area under
food grains less and more than 25% of total area, respectively. Maps A and B show the variation of
average CWU in the two groups. Maps C and D show the variation of CWU of irrigated areas, and
maps E and F show the variation of CWU in rain-fed areas.
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Figure 8. Relationships in water productivity (WP) and consumptive water use (CWU) of food grains.
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to the average CWU of these districts. With the present level of yield and WP frontiers,
additional irrigation in rain-fed areas could increase both the maximum yield and WP in these
districts. To illustrate the benefits of additional irrigation on production and WP gains, we
use a marginal increase in maximum yield with respect to small increases in CWU. We estimate
that with 100 mm (or 200 mm) of additional CWU, these 39 districts can increase their total
food grain production and WP by 83 % (or 167 %), and 15 % (or 22 %), respectively.

In fact, average grain yield of many districts in subgroup 1 are significantly lower than
the maximum yield at any given level of CWU. Sharma et al. (2006) found that water stress in
critical periods of crop growth is a key determinant of low yields in these rain-fed areas. So,
with proper application of a small quantity of supplemental irrigation in water stress periods
by itself could reduce the yield gap, and additional irrigation with better application of non-
water inputs could push up the average yield in parallel to the increasing path of maximum
yield. Thus, cumulative benefit of additional irrigation in these districts could be much higher
than what is illustrated above.

Subgroup 2: There are 316 districts in this category (second and third groups of map A and
B). At present, they contribute to 79 % of total area under food grains and 84 % of total
production. Figure 9 and Figure 8 show that increasing CWU would increase the yield but
decrease WP in districts with a CWU total of between 225 mm and 475 mm. For example, with
100 mm of additional irrigation, this group as a whole can increase the total food grain
production along the path of maximum yield only by 11 %, reducing WP by 10 %.

However, this does not mean that increasing CWU would decrease WP in all areas of
these districts. Rain-fed area under food grains of subgroup 2, which is 57 % of the total rain-
fed area under food grains, can further be divided into smaller classes. This consists of 57 %
of the total rain-fed area under food grains.
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e 119 districts in subgroup 2 have rain-fed areas under food grains with CWU (=effective
rainfall) below 225 mm (map F in Figure 9). As in subgroup 1, supplemental irrigation
in the rain-fed areas of these districts can also significantly increase both food grain
yield and WP.

e  Also, rain-fed areas under food grains of 110 districts have a CWU of between 225
and 300 mm (map F in Figure 9). These areas can also increase food grain yield with
supplemental irrigation. But the extent of increase in WP depends on the gap between
actual and the maximum yield.

So essentially, rain-fed areas under food grains of 268 districts (39 in subgroup 1, and 229
in subgroup 2) can increase yield, WP or both by increasing CWU through supplemental irrigation,
provided that non-water inputs are closely integrated with additional irrigation applications.

Irrigation covers 46 % of the total area under food grains of districts in group 2. Among
them, irrigated area under food grains of 15 districts has a CWU below 300 mm (map D in
Figure 9). These districts can also significantly benefit from a small supplemental irrigation
combined with better non-water input management. Among the remaining districts in group 2,
irrigated area has rather a high total of CWU, and irrigation contributes to more than half of the
total of CWU (CWU above 300 mm in map D in Figure 8). Increasing CWU through additional
irrigation would not contribute much to increase yield or WP. However, unreliable irrigation water
supply, combined with inadequate or improper application of other inputs, is the key factor
responsible for substantial yield gaps. Therefore, better management of existing water and
non-water inputs can still increase production and WP in irrigated areas of all these districts.

Figure 9. Spatial distribution of CWU in irrigated and rain-fed food grains areas across districts.
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Subgroup 3: This consists of districts with a total CWU of above 475 mm. Increasing CWU
above 475 would have negative incremental benefits on both yield and WP. There are 48
districts in this group and they account for 14 and 15 % of total area under food grains and
production (CWU above 475 mm in map A and B). Some of the districts in this group are major
rain-fed areas with a high percentage of rice cultivation. They can improve both land water
productivity by adopting hybrid rice with higher yield, or increase value of water productivity
with integrated farming systems with crop-aquaculture. In irrigated areas, WP can be increased
by reducing the CWU through deficit irrigation. We will discuss the implication of CWU
reduction through deficit irrigation next.

Reducing CWU through Deficit Irrigation

Third strategy for increasing WP is to decrease consumptive water use through deficit irrigation.
Main objective of deficit irrigation is to increase the water use efficiency by eliminating
non-beneficial evaporation or non-recoverable deep percolation that do not contribute to
transpiration and hence have little impact on crop yields. The resulting yield reduction may be
small in comparison to benefits gained through diverting the saved water to irrigate other crops
for which water would be insufficient under traditional irrigation practices (Kirda and Kanber
1999). In irrigated areas with more than 475 mm of CWU, this strategy could increase both
yield and WP. In regions with a CWU of between 225 and 475 mm, it can only increase WP.
However, even with some loss of yield this strategy can save water and then use that saved
water for increasing crop production or in another productive use. To illustrate the positive
impacts on crop production, we develop a few scenarios of reducing CWU and the resulting
water savings and production increases (Table 3).

The data shows two deficit CWU scenarios of 25 and 50 mm (column 1, Table3) in districts
with more than 25, 50 and 75 % irrigated area under food grains (column 2). In each category,
we consider only districts with less than 10 % and 5 % and no yield reduction due to deficit
CWU (column 3). Columns 4-7 show the total area under food grains, CWU in the irrigated
area, NET part of the irrigated CWU and total food grain production, respectively. Columns 8
and 9 show the saved CWU as a percentage of NET in the irrigated area under food grains,
and the net gain in production if the saved water is again used for additional grain production.

About 251 districts (Figure 10) with more than 25 % of irrigated food grain area will have
10 % less food grain yield with 25 mm of deficit CWU (column 3, Table 2).

This group of districts account for 63 % of the total food grain area in the country,
contributing to 79 % of the total food grain production. Deficit CWU of 25 mm on existing
irrigated area can save 14 % of the NET requirement. If all that saved NET are again used for
expanding food grain production, it can contribute to 8 % additional production. Deficit CWU
of 50 mm can save 27 % of NET and can increase 17 % of production.

Reduction in CWU can increase grain production in all districts having a significant
irrigated area (Table 2). However, such strategy can help the most in increasing production in
districts that are poorly-endowed in water, but not of land. Almost all districts with 25 mm deficit
CWU would, in fact, gain in yield or have yield loss less than 5 % (Figure 9). Number of districts
with yield loss greater than 10 % would increase from 5 % with a 25 mm deficit of CWU to 43 %
with a 50 mm of deficit CWU. Good strategy here is to increase deficit CWU to the extent that
gains in benefits, whether in crop production or through other uses of the saved water are greater
than value of the production loss due to yield decrease. The above example illustrates that many
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Table 3.  CWU saved and net gain in food grain production through deficit irrigation.

Deficit Irrigated Yield Number  Grain Irrigated NET Grain Saved  Net gain in

inCWU  food loss-% of area CWU production CWU- food grain
grain  of max districts % of  production
area -%  yield NET - % of

of total total
(mm) % % # Million Ha Km?® Km?® Million Mt % %
25 >25 <10 251 77 211 136 161 14 8
<5 213 64 191 119 142 14 8
<0 26 8 33 19 18 10 9
>50 <10 165 50 166 110 123 11 7
<5 153 46 158 103 117 11 7
<0 25 7 33 19 18 9 8
>75 <10 78 24 90 61 70 10 6
<5 77 23 89 60 69 10 6
<0 13 2 11 7 6 7 7
50 >25 <10 213 64 191 119 142 27 17
<5 144 45 148 87 104 26 18
<0 26 8 33 19 18 20 18
>50 <10 153 46 158 103 117 22 15
<5 110 34 127 79 89 22 16
<0 25 7 33 19 18 19 17
>75 <10 77 23 89 60 69 19 14
<5 59 18 72 48 54 19 14
<0 13 2 11 7 6 14 15

districts with substantial irrigated area can gain in food grain production by practicing 25 mm
deficit irrigation. However, the main question here, as raised by Kumar and van Dam (2008), is
whether there is adequate land for using the saved water for additional crop production. Most
of the districts which can benefit from deficit irrigation lie in Indus, Ganga, Mahanadi, Godavari,
Krishna and Cauvery basins (Figure 10). It is well-known that parts of north-west in the Indus
and Ganga basin, practice deficit irrigation in canal command areas. Rice-wheat is the dominant
cropping pattern in these basins. Among the other four basins, Krishna and Cauvery are
water- stressed basins. Even with some loss of crop production, the Krishna and Cauvery basins
can gain the most through the deficit irrigation concept. However, to what extent the existing
cropping pattern allow deficit irrigation in these districts is another question. Rice dominates the
irrigation cropping patterns in these basins, and they often use substantially more water in excess
of Eta— the crop water requirement. However, studies show that different irrigation techniques
such as wet and dry irrigation (Sakthivadivel et al. 2001), system of rice Intensification can increase
both yield and water use efficiency in irrigated rice, which results in increased production and
WP. Where and to what extent these techniques can be adopted and their benefits on major rice
irrigated areas need further assessment.
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Figure 10. Yield loss with different deficit irrigation strategies.
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Increasing Water Productivity in Rain-fed Districts

Figure 11 shows the variation of grain yield in the 155 districts with mainly rain-fed agriculture,
i.e., districts with less than 25 % of the total cropped area under irrigation. These districts
have two-thirds of the total food grain area of India, contributing to only one-third of the food
grain production. About 14 % of districts in this category have extreme dry conditions with
a CWU of below 200 mm, and another 58 % of districts have moderate to low dry conditions
(where CWU is between 200 and 400 mm). The cropping pattern explains a major part of low
WP in this group. Due to low rainfall, less water-intensive crops such as coarse cereals and
pulses dominate the grain cropping patterns in these districts. More than 70 % of the area
under food grains consists of coarse cereals and pulses. Average yields of these crops (0.87
tonnes/ha of coarse cereals, and 0.55 tonnes/ha of pulses) compared with rice, wheat and maize
(1.97, 2.82, and 1.82 tonnes/ha respectively) are very low. As discussed previously, a small
supplemental irrigation could significantly increase existing grain yields and WP in many
districts, particularly in those with CWU below 225 mm.

About a quarter of the districts in this category also have CWU between 400 and
535 mm, with rice as the major food grain crop. Effective rainfall contributes to almost all the
total CWU of these districts. Although total rainfall is adequate for rice cultivation in these
districts, rice yields are very low due to many factors including a mismatch between crop water
demands and rain water availability periods. Such conditions discourage the farmers from
making investments in farm inputs. As such, these districts have one of the lowest fertilizer
application in India (36 kg of NPK /ha), which is only one-fourth of the fertilizer application in
all other districts with similar CWU (135 kg of NPK/ha). Thus, an unreliable water supply from
rainfall alone seemed to be a major impediment for proper input application and low rice yield
in these districts. As availability of water is not a significant constraint, small supplemental
irrigation during periods of input application and in critical periods of water stress could increase
the yield in these districts. Another option is to change cropping patterns to best utilize the
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Figure 11. Yield versus CWU of districts with grain irrigated area less than 25 % of total.
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water supply from rainfall. The demand for feed crops such as maize and vegetable oils are
increasing rapidly and substantial part of this demand is projected to be imported from other
countries (Amarasinghe et al. 2007b). Thus, changing cropping patterns from low-yielding rice
to high-yielding maize or oil crops, especially in the rabi season could generate significant
benefits for these regions. In fact, soil moisture through rainfall could be more than adequate
for raising productive maize or oil crops in these regions.

Discussion and Conclusion

Our assessment using district-level data show that significant potential exists for increasing WP
of food grains with substantial increase in production. Almost all districts can employ different
types of water management interventions that can contribute to increasing water productivity
and production, thus ensuring food and livelihood security and employment generation. These
interventions vary from small to moderate supplemental irrigation to deficit irrigation. Small to
moderate supplementary irrigation inputs can increase yield, WP or both in areas where CWU is
below 300 mm. In fact, CWU (or the effective rainfall) of rain-fed areas in 158 districts falls below
the threshold of 225 mm (districts indicated by ‘A’ in columns 19 and 21 in Annex Table 1).
Irrigated areas of 15 districts and rain-fed areas of 110 more districts have CWU between 225 to
300 mm (districts indicated by ‘B’ in columns 18 and 20). The data of 1995/96 shows that India
has more than 111 million agricultural landholdings covering 141 million ha of net sown area
(GOI 2007). Of this, about 66 % of landholdings and 74 % cropped area are either partly irrigated
or completely rain-fed. In this category, 28 % of the landholdings consist of 67 % of semi-medium
(2-4 ha) to medium (4- 10 ha) and large (>10 ha) holding sizes. A significant part of this area is
covered by food grain crops. These are the areas that can benefit through small to moderate
supplemental irrigation and can have a significant impact on WP as well as on crop production.
Increased production contributes to food and livelihood security of farmers of these areas.
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What are the options for improving crop water productivity in marginal (<1ha) to small
(1-2 ha) holdings in partially irrigated to rain-fed lands? Nearly 72 % of India’s marginal and
small landholdings are in partially irrigated or rain-fed land category, but they only have 33 %
of the cropped area. Although it was not analyzed in this paper, the cost of providing
supplemental irrigation to marginal and small landholdings could be higher than the benefits
through production increase in food grains. As argued by Kumar and Dam (2008), it is in these
holdings where the objective should be increasing value of agricultural productivity but not
increasing water productivity of crops, and importantly that of low-value food grain crops.
These areas could benefit with crop diversification to high-value crops or livestock production
with additional supplemental irrigation.

Supplemental irrigation increases crop yield but decreases WP when CWU is between
300 and 475 mm. The CWU in irrigated areas of 219 districts and in rain-fed areas of 227 districts
falls in to this category (districts indicated by ‘C’ in columns 19 and 21 of Annex Table 1). If
availability of water is not a constraint, these areas can benefit from a small supplemental
irrigation. If water availability is a constraining factor, increasing productivity of land should
be the major focus. In fact, we observed that there is a substantial difference between the
actual and maximum yield in these districts. Most of the variation in food grain yield is explained
by variation in water and non-water inputs. Better water management improves non-water input
application, which leads to higher productivity and production.

In irrigated areas, this means providing a reliable irrigation supply. One way of achieving
this is through introducing intermediate water storage structures as in the Indira Gandhi Nehar
Project in Rajasthan (IGNP)—(Amarasinghe et al. 2008). The intermediate water storage
structures, called ‘diggies’, in the IGNP store the water delivered from the watercourses to
farms. Next it pumps water out of the diggi and distributes it to the field through field channels
or sprinklers. It helps to supply irrigation when crop requires it the most. Thus, diggies simply
improve the reliability of water application to crops, and hence improves application of non-
water inputs too. Most importantly, diggieshelp introduce micro-irrigation in the canal command
areas. All these interventions contribute to higher yield, production and WP. However, diggies
are shown to be cost-effective for landholdings above 4 ha. Thus, diggies can directly help
medium to large fully irrigated landholdings. In India, 8 % of the irrigated landholdings are in
this category, and they account for 24 % of the irrigated land. Does this mean that small to
semi-medium landholdings cannot benefit from intermediate water storage structures? Perhaps
not! But it requires new types of institutions of water users. Like water user associations
(WUAG) at the level of watercourses, small number of small landholdings ranging from 4 to 6
can form user groups, which share a common diggi. Such user group can reduce the cost of
construction of diggiesand improve performance of irrigation deliveries to farms. Understanding
of the institutional mechanisms that requires for successful implementation of such water user
groups is beyond the scope of this paper. However, a good lesson for a similar intervention
can be seen in the areas under ‘system tanks’ in Tamil Nadu. Benefits from such interventions
can be further enhanced by exploring the possibility of integrating aquaculture into the diggies/
system tanks/ intermediate storage structures.

Rain-fed areas with moderate CWU, i.e., between 300 and 475 mm, require different
strategies for reducing the yield gap. One option for improving water productivity in these
areas is to promote agricultural diversification to high-value crops and livestock. This should
be done in areas where soil moisture is adequate for raising high-value non-grain crops or
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fodder that is required for livestock. This is mainly in areas in the upper end of CWU region,
i.e., those close to 475 mm. In other areas, increasing water productivity may not be the
proper goal. These areas, as in low CWU rain-fed zones, could greatly benefit from some
small supplemental irrigation in critical water-stressed periods. Although this does not result
in increases in WP, the benefits from production increase may outweigh the cost of
supplemental irrigation. To know to what extent the benefits outweigh the cost requires
further research.

Irrigated areas with high CWU can benefit by reducing CWU. This increases both yield
and WP. The water saved from deficit irrigation can again be used to increase crop production,
if land is not a limiting factor. If the latter is true, the water saved can be used for productive
purposes in other sectors. In India, 48 districts which account for 13 % of the total irrigated
food grain area have CWU more than 475 mm (districts indicated by ‘D’ in columns 19 in Annex
Table 1). The data presently available with us, however, do not show, whether all this area
belongs to semi-medium to large landholdings.

Reducing crop consumptive use in irrigated areas, where CWU is below 475 mm, can
also increase grain water productivity. Although the crop yield will marginally decrease in this
case, water saved through reduction of CWU can again be used for expanding the cropped
area. This can be practiced in places where increase in production through area expansion
offsets the loss of production due to yield loss. Our results show irrigated areas in many
districts with CWU below 475 mm can increase grain production (we have indicated only the
districts with CWU in irrigated area above 425 mm, and they are denoted by ‘CD’ in column 19
of Annex Table 1). Once again, to what extent this actually can be done depends on the size
of the landholding.

Finally, we focused our attention on rain-fed areas with large CWU (districts indicated
by ‘E’ in column 20 of Annex Table 1). At present, paddy crop dominates cropping patterns of
these areas and have a very low yield. This may be mainly due to cultivation of low- yielding
local varieties and a mismatch between crop water demands and periods of rain water
availability. Efforts should be made on both these fronts. Alternatively, these areas should
diversify their cropping patterns. One option is to diversify to feed grains such as maize or
non-grain crops such as oil crops. Both require less CWU than rice and also could be more
productive than rice crop. With increasing demand for feed grains and vegetable oils, this
could be a good option for these rain-fed regions.

In this paper, we have only discussed the potential for increasing WP and production
through water management practices. We assumed that better water management would lead
to better non-water input application and, which in turn will increase the crop yield and WP.
However, many other factors affect the mode of water management or crop or agricultural
diversification in different regions. They include reliability of power supply, availability of
roads, access to markets, extension services etc. To know how these would influence the
success in implementing different water management interventions require more data and
research. Moreover, advances in biotechnology could help develop seed varieties that
withstand droughts and conditions of water-stress or increases the yield frontiers with the
existing levels of water consumption by the crop. All these would increase WP and crop
production.
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