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Introduction 
 

Global freshwater withdrawal has increased 

nearly seven-fold in the past century (Gleick, 

2000). With a growing population, coupled 

with changing diet preferences, water 

withdrawals are expected to increase 

continuously in the coming decades 

(Rosegrant and Rigler, 2000). In the coming 

few decades, global freshwater demand will 

increase to meet the growing demand for food, 

fibre and biofuel crops (Mekonnen and 
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The proliferation of food, feed and biofuels demands promises to increase pressure on 

water competition and stress, particularly for India, which has a large agricultural base. So 

Water Footprint (WF) has been widely spread as an indicator that contributes to a safe and 

sustainable use of water. The purpose of this study was to determine the WF of different 

paddy varieties and to search the best paddy variety which can give more yield with less 

water. The estimation was made using the methodology proposed in The Water Footprint 

Assessment Manual, according to which the WF of a crop, in this case paddy, represents 

the relation between the amount of water satisfying the evapotranspiration demand (CWR) 

and the field productivity. The WF has three components: green, associated with rain water 

used by the crop, blue related to underground or surface water that fulfils the 

evapotranspiration demand and grey, related to the volume of water required to dilute the 

residues of pollutants generated from the crop production. Study was carried out under 

eighteen year old Dalbergia sissoo based agroforestry system during the crop year of 

2016-17. Three paddy varieties viz. Danteshwari (short growing period), MTU 1010 

(medium growing period) and Kranti (long growing period) were selected for the study. 

Total water footprint of Danteshwari, MTU 1010 and Kranti were 6.214 m
3
 kg

-1
, 3.427 m

3
 

kg
-1

 and 4.455 m
3
 kg

-1
 respectively. Green, blue and grey water footprint of MTU 1010 

was lowest among the three varieties. Green and grey water footprint of Danteshwari was 

highest but blue water footprint was highest in Kranti. In view of water resource 

conservation and yield potential MTU 1010 was found an ideal paddy variety. 
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Hoekstra, 2014). The growing world 

population requires increased food production, 

while less water resources are available for 

agriculture. This alarming situation can only 

be resolved if water is managed more 

efficiently, so that crop yield per unit of water 

consumption increases (World Bank, 2003). In 

the agricultural sector one of the most water 

intensive crop is rice. The increasing demand 

for rice in combination with increasing water 

scarcity is a threat for food security and the 

sustainability of rice cultivation. The impact 

of rice consumption on global water resources 

can be mapped with the water footprint, a 

concept introduced by Hoekstra in 2002. This 

water footprint is defined as ‘the total volume 

of fresh water that is used to produce the 

foods’. Using this consumption based 

indicator as a tool to provide information on 

water use related to the consumption of 

products could be useful (Mom, 2007). The 

water footprint is a geographically explicit 

indicator, not only showing volumes of water 

use and pollution, but also the locations. 

Water Footprint is composed of three parts 

green (rainwater), blue (irrigation water) and 

grey waters (volume of fresh water that is 

required to assimilate the load of pollutants) 

(Lovarelli et al., 2016). The total water 

footprint of crop (WF) is the sum of the green, 

blue and grey water components (Mizutani, 

2010). The water footprint thus offers a better 

and wider perspective on water management. 

It is a volumetric measure of water 

consumption and pollution. The water 

footprint is always expressed as water volume 

per unit of product (m
3
 kg

-1
) (Hoekstra et al., 

2011). Soil physical and plant biophysical 

knowledge can be used to develop practices to 

maximize the utility of green water, 

minimizing blue water and grey water 

(Clothier, 2010). Agroforestry offers 

promising option for efficient and sustainable 

use of land and water. Water conservation and 

more productive use of water is one of the key 

benefits of agroforestry. Agroforestry can 

improve soil fertility, provide fodder, produce 

tree fruits, expand fuel wood supplies and 

produce a variety of wood products for 

farmer’s own use and sale without demanding 

additional land (Kumar, 2016). In addition to 

providing natural resources, agroforestry 

systems have the potential to maintain higher 

levels of biodiversity and greater biomass than 

monocrop or pasture system (Seeta et al., 

2016). Considering the above facts the present 

study has been planned. The objective of the 

study was to evaluate the water footprint of 

different paddy varieties under agroforestry.  

 

Materials and Methods 

 

The field experiment was conducted during 

the crop year 2016-17 at Dusty Acre Research 

Farm, Department of Forestry, Jawaharlal 

Nehru Krishi Vishwa Vidyalaya, Jabalpur 

(M.P.). The study area enjoys a subtropical 

climate with hot dry summer and cool dry 

winter. Average annual rainfall of the area is 

1350 mm. The topography of the area is plain 

to gently sloping. Slope of the land vary from 

0 to 1%. Soil is clay loam. Three paddy 

varieties were grown under eighteen year old 

Dalbergia sissoo (Roxb.) plantation. These 

trees were planted in July 1998 with planting 

geometry of 5 m x 5 m. Paddy varieties were 

Danteshwari (matures in 90-95 days), MTU 

1010 (matures in 100-110 days) and Kranti 

(matures in 120-135 days). Dates of sowing 

were 4
th

 July 2016, 5
th

 July 2016 and 7
th

 July 

2016 respectively for Danteshwari, MTU 1010 

and Kranti. Respective dates of harvesting 

were 7
th

 October 2016, 18
th

 October 2016 and 

9
th

 November 2016. Outputs are paddy grain 

and Paddy straw. To derive the water footprint 

daily rain fall (mm), daily maximum and 

minimum temperature (°C), average of daily 

morning and evening relative humidity (%), 

daily wind speed (km day 
-1

) and daily sun 

shine hours were considered. The daily 

rainfall was converted in to effective rainfall 

(Reff) by using fixed percentage of daily rain 
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fall data as suggested in CROPWAT 8.0 

model. All the weather parameters were used 

to get the Reference Evapotranspiration (ETO) 

in the Penman-Monteith Method on 

CROPWAT 8.0. Green and blue water 

Evapotranspiration during the crop growth 

was estimated with crop water requirement 

(CWR). The crop water requirement is the 

water needed for evapotranspiration under 

ideal growth conditions, measured from 

planting to harvest. ‘Ideal conditions’ means 

that adequate soil water is maintained by 

rainfall and/or irrigation so that it does not 

limit plant growth and crop yield. Crop water 

requirement was calculated by multiplying the 

reference crop Evapotranspiration (ETo) to the 

crop coefficient (Kc): CWR = Kc × ETo. It 

was assumed that the crop water requirements 

were fully met, so that actual crop 

evapotranspiration (ETc) will be equal to the 

crop water requirement: ETc = CWR. The 

crop coefficient (Kc) varied over the length of 

the growing period. Values for Kc for crops 

over the length of the growing period were 

taken from the literature (FAO. Irrigation and 

drainage paper no.56) which is based on the 

crop growth stages of 10 days interval period.  

 

The irrigation requirement (IR) was calculated 

as the difference between crop water 

requirement and effective rainfall (Reff). The 

irrigation requirement was zero if effective 

rainfall was larger than the crop water 

requirement. This means: IR = max (0, CWR 

– Reff). It was assumed that the irrigation 

requirements were fully met. Green water 

evapotranspiration (ETgreen), in other words, 

evapotranspiration of rainfall, could be 

equated with the minimum of total crop 

evapotranspiration (ETc) and effective rainfall. 

Blue water evapotranspiration (ETblue), in 

other words, field-evapotranspiration of 

irrigation water, was equal to the total crop 

evapotranspiration minus effective rainfall, 

but zero when effective rainfall exceeds crop 

evapotranspiration: 

ETgreen = min (ETc, Reff) [length/time]  

 

ETblue = max (0, ETc – Reff) [length/time]  

 

All water flows were expressed in mm day
-1

 or 

in mm per period of simulation (e.g. ten days). 

The green and blue components in crop water 

use (CWU, m
3
 ha

-1
) were calculated by 

accumulation of daily evapotranspiration (ET, 

mm day
-1

) over the complete length of 

growing period (lgp): 

 

 lgp 

CWUgreen = 10 × Σ ETgreen 

 d=1 

 

 lgp 

CWUblue = 10 × Σ ETblue 

 d=1 

 

The green water footprint of crop (WFgreen, m
3
 

kg
-1

) was calculated as the green component in 

crop water use (CWUgreen, m
3
 ha

-1
) divided by 

the crop yield (Y, kg ha
-1

). 

 

WFgreen = CWUgreen / Y (Volume /mass)  

 

The blue water footprint of crop (WFblue, m
3
 

kg
-1

) was calculated as the blue component in 

crop water use (CWUblue, m
3
 ha

-1
) divided by 

the crop yield (Y, kg ha
-1

).  

 

WFblue = CWUblue / Y (Volume /mass)  

 

The grey component in the water footprint of 

crop (WFgrey, m
3
 kg

-1
) was calculated as the 

chemical application rate to the field per 

hectareAR, (kg ha
-1

) times the leaching-run-

off fraction (α) divided by the maximum 

acceptable concentration (Cmax, kg m
-3

) minus 

the natural concentration for the pollutant 

considered (Cnat, kg m
-3

) and then divided by 

the crop yield (Y, kg ha
-1

).  

 

WFgrey =(α × AR / Cmax –Cnat) / Y 

(Volume/mass) 
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The pollutant generally considered here for 

crop were nitrogen, phosphorus and metal 

(Zinc). Potassium was not considered here, as 

it is totally absorbed by the crop.  

 

All the values for leaching runoff fraction, 

maximum concentration and natural 

concentration for nitrogen, phosphorous and 

metal were taken from the literature Grey 

water footprint accounting, Tire 1 supporting 

guidelines (Franke et al., 2013).  

 

All the values of maximum and natural 

concentration were converted in to kg m
-3

. 

Rate of application of fertilizer was 

100:60:40:: N: P: K (Kg ha
-1

). Total water 

footprint was calculated by summing all three 

components 

 

WFtotal = WFgreen+ WFblue+ WFgrey (Volume 

/mass) 

 

Analysis of data was carried out in strip plot 

design having four main treatments (pruning), 

three sub treatments (paddy variety) and five 

replications. 

 

Results and Discussion 

 

Paddy grain yield of different varieties 

 

Among three paddy varieties grain yield of 

MTU 1010 (1350 kg ha
-1

) was at par with 

Kranti (1229 kg ha
-1

) but significantly superior 

to Danteshwari (852 kg ha
-1

). Yield of 

Danteshwari was significantly lower to Kranti 

(Table 1). 

 

Paddy straw yield of different varieties 
 

Trend of straw yield was similar to grain 

yield. Straw yield of MTU 1010 (2120 kg ha
-

1
) was at par with Kranti (2150 kg ha

-1
) but 

significantly superior to Danteshwari (1235 kg 

ha
-1

). The straw yield was converted into 

Paddy Equivalent Yield (PEY) (Table 1). 

Paddy Equivalent Yield (PEY) of grain and 

straw 
 

Paddy Equivalent Yield (grain + straw) of 

MTU 1010 (1974 kg ha
-1

) was significantly 

superior to Danteshwari (1215 kg ha
-1

) but at 

par with Kranti (1861kg ha
-1

). PEY of Kranti 

was superior to Danteshwari (Table 1). 

 

Green, blue, grey and total water use by the 

crop 

 

Green water use of different paddy varieties 

during kharif season was found to be 

maximum for Danteshwari (2903 m
3
 ha

-1
) 

followed byMTU 1010 (2834 m
3
 ha

-1
) and 

Kranti (2723 m
3
 ha

-1
). Statistically green water 

uses of all three varieties were at par (Table 

2). 

 

The trend of blue water use of different paddy 

varieties was just reverse to green water use 

and found to be maximum for Kranti (1499 m
3
 

ha
-1

) followed byMTU 1010 (1017 m
3
 ha

-1
) 

and Danteshwari (719 m
3
 ha

-1
). Statistically 

blue water use is also at par in all variety 

(Table 2). 

 

Grey water use for all the paddy varieties was 

same due to recommended dose of fertilizer 

for the all experimental plots. It was found to 

be 2694 m
3
 ha

-1
 (Table 2). 

 

Total water use of all three paddy varieties 

were at par. Numeric values are 6316 m
3
 ha

-1
, 

6545 m
3
 ha

-1
 and 6916 m

3
 ha

-1
 respectively for 

Danteshwari, MTU 1010 and Kranti (Table 2). 

 

Water footprint (WF) 

 

Paddy is one of the water intensive crop so it 

is desirable that total water footprint of paddy 

should be as low as possible in agroforestry 

systems. Green, blue and grey water footprints 

are the three components of total water 

footprint. With the condition of lower total 
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water footprint it is desirable that each 

component viz. green, blue and grey water 

footprint should also be as low as possible.  

 

Green water footprint of paddy (WFgreen)  

 

Green WF of MTU 1010 (1.484 m
3 

kg
-1

) and 

Kranti (1.754 m
3
 kg

-1
) are at par but 

significantly lower than Danteshwari (2.856 

m
3 

kg
-1

) (Table 3). It means MTU 1010 used 

only 1484 liters of rainfall to produce 1 kg 

PEY as compare to Kranti (1754 litres) and 

Danteshwari (2856 liters).  

 

Danteshwari variety may be promoted in the 

area where rainfall is higher and it is going 

waste in the form of runoff. By utilizing most 

of the rains Danteshwari may reduce the flood 

peaks and downstream runoff. MTU 1010 and 

Kranti are suitable for low rainfall area in 

view of efficient water management strategy.  

 

One of the effective way to reduce the green 

water footprint is to use direct dry seeding 

method which will increase the effective use 

of rainfall and reduce irrigation needs 

(Cabangon et al., 2002).  

 

Blue water footprint of paddy (WFblue) 

 

Blue WF of MTU 1010 (0.532 m
3 

kg
-1

) was 

significantly lowest among the three paddy 

varieties. Blue WF of Danteshwari (0.707 m
3
 

kg
-1

) was higher than MTU 1010 but 

significantly lower than Kranti (0.965 m
3 

kg
-1

) (Table 3). Irrigation requirement of MTU 

1010 was lowest among the three varieties. It 

used only 532 liters irrigation water to 

produce 1 kg of PEY as compare to 

Danteshwari (707 liters)and Kranti (965 

liters).  
 

Reduced irrigation requirement is desired very 

much as it lower downs the cost of cultivation. 

From an economic point of view, reducing 

percolation of blue water in the rice fields is 

relevant, because it will reduce costs of water 

supply by reducing the absolute volume of 

water needed in the field (Chapagain and 

Hoekstra, 2011).  

 

Grey water footprint of paddy (WFgrey) 

 

Grey WF of MTU 1010 (1.411 m
3 

kg
-1

) and 

Kranti (1.735 m
3
 kg

-1
) were at par but 

significantly lower than Danteshwari (2.650 

m
3 

kg
-1

) (Table 3). It means MTU 1010 used 

only 1411 liters per kg of water to nullify the 

residual effect of fertilizer and metals applied 

to the crop as compare to Kranti (1735 liters 

per kg) and Danteswari (2650 liters per kg). 

The grey component of the water footprint can 

only be lower down by reducing the leaching 

of fertilizers and pesticides from the field. The 

loss of nitrogen may cause environmental and 

health problems (Choudhury and Kennedy, 

2005).  

 

Total water footprint of paddy (WFtotal) 

 

The trend of total water footprint was exactly 

similar to grey water footprint. Total water 

footprint of MTU 1010 (3.427 m
3
 kg

-1
) and 

Kranti (4.455 m
3
 kg

-1
) were at par but 

significantly lower than Danteshwari (6.214 

m
3
 kg

-1
) (Table 3). It means total water used to 

produce 1 kg of PEY is only 3427 liters for 

MTU 1010 as compare to 4455 liters and 6214 

liters respectively for Kranti and Danteshwari. 

Total water footprint is the sum of Green 

water footprint, Blue water footprint and Grey 

water footprint. 

 

(WFtotal) = (WFgreen) + (WFblue) + (WFgrey) 

 

Among three selected paddy variety the total 

water footprint of MTU 1010 was lowest. 

Total WF of Kranti was minutely higher but at 

par with MTU 1010. Total WF of Danteshwari 

was highest. Danteshwari may be suitable for 

high rainfall areas, as it utilizes more rainfall 

which ultimately reduces runoff load and peak 

floods in downstream.  
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Table.1 Paddy Equivalent Yield (PEY) of different varieties 
 

Paddy Variety Grain Yield 

Kg ha
-1 

Straw Yield 

Kg ha
-1

 

PEY (grain+straw) 

Kg ha
-1

 

Danteshwari 852 1235 1215 

MTU 1010 1350 2120 1974 

Kranti 1229 2150 1861 

SEm+ 67 101 96 

CD (p=0.05) 217 330 313 

 

Table.2 Green, Blue, Grey and total water use by the crop 
 

Paddy Variety Green water 

m
3
 ha

-1
 

Blue water 

m
3
 ha

-1
 

Grey water 

m
3
 ha

-1
 

Total water 

m
3
 ha

-1
 

Danteshwari 2903 719 2694 6316 

MTU 1010 2834 1017 2694 6545 

Kranti 2723 1499 2694 6916 

SEm+ NS NS NS NS 

CD (p=0.05) NS NS NS NS 

 

Table.3 Green, Blue, Grey and total water footprint of different paddy varieties 
 

Paddy 

Variety 

Green WF 

m
3
kg

-1
 

Blue WF 

m
3
kg

-1
 

Grey WF 

m
3
kg

-1
 

Total WF 

m
3
kg

-1
 

Danteshwari 2.856 0.707 2.650 6.214 

MTU 1010 1.484 0.532 1.411 3.427 

Kranti 1.754 0.965 1.735 4.455 

SEm+ 0.198 0.049 0.183 0.425 

CD (p=0.05) 0.647 0.160 0.597 1.385 

 
Total WF of MTU 1010 and Kranti are at par 

hence suitable for low rainfall areas. Among 

MTU 1010 and Kranti, MTU 1010 is better 

because its irrigation requirement is less and 

biomass production is higher than Kranti. 

Growing period of MTU 1010 is also shorter 

than Kranti. Hence in view of water resource 

conservation and yield potential MTU 1010 is 

an ideal paddy variety.  
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