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Land and water resources are the basic needs of
agriculture and for the economic development of
any country. The world population is increasing

faster than the food supply. The population of India is
expected to stabilize around 1640 million by the year 2050.
As a result, gross per capita water availability will decline
from 1820 m3/yr in 2001 to as low as 1140 m3/yr in 2050.
India has only 2.4 per cent of land mass and 4 per cent
fresh water resources of the world. However, it is

required to support 17.31 per cent of the country’s
population which is growing at 32 per cent per annum
since independence. The per capita land availability has
reduced from 0.48 ha to 0.13 ha and water availability
has been reduced from 5300 cum to 1500 cum (Zhao et
al., 2010). As water becomes increasing scare and
increasing demand for irrigation water, everywhere, has
now focused national attention and public interest on
utilization of existing water supplies, integrated irrigation
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ABSTRACT : Land and water resources are the basic needs of agriculture and for the economic
development of any country. As water becomes increasing scare and increasing demand for
irrigation water, everywhere, has now focused national attention and public interest on utilization
of existing water supplies, integrated irrigation water conservation and management policy and
practices. Accurate quantification of evapotranspiration is crucial for better management and
allocation of water resources. It is important that the water requirements of crops are known at
different management levels within the irrigated area to accomplish effective irrigation management.
Estimation of the evapotranspiration and effective rainfall are extremely useful for operation planning
and management issues. CROPWAT is a computer model, was used to estimate the reference
evapotranspiration, effective rainfall, crop water requirement and irrigation water requirement for
the Bapatla region in Andhra Pradesh state, India. Daily meteorological data including rainfall,
maximum and minimum temperatures, relative humidity, wind speed and sunshine hours were
collected for the period of 2009 to 2013 and used as input data for CROPWAT. Average peak
monthly ET

0
 was observed to be 8.09 mm/day for the month of June and followed by the 7.55 mm/

day for the month of May. Whereas average minimum ET
0
 were observed as 3.85 and 3.92 mm/day

in the months of December and January, respectively. The average effective rainfall was estimated
for the study area as 769.3 mm out of 1060.3 mm annual rainfall. The crop water requirement (ETc)
and irrigation water requirement were estimated for vegetable crops during Rabi season in the
study area (Bapatla) as 516.3 mm and 470.4 mm, respectively.
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water conservation and management policy and
practices.

It is important that the water requirements of crops
are known at different management levels within the
irrigated area to accomplish effective irrigation
management. The crop water requirements are met from
the effective rainfall, irrigation water applied and the
available soil moisture (Srinivasulu et al., 2003; Srinivasa
Prasad et al., 2006 and Shengli et al., 2004).The potential
crop evapotranspiration (ET

c
) of a crop is the volume of

water required by it to meet its evapotranspiration
requirements (Trajkovic and Kolokovic, 2009 and
Singandhupe and Sethi (2005). The crop irrigation water
requirement, therefore, consists of potential crop
evapotranspiration (ET

c
) minus the effective rainfall.

Consideration of effective rainfall can help in predicting
more precisely the water requirement of crops and useful
for operation planning and management of available
water resources.

Irrigation is a costly and scarce input in agriculture
and plays an important role in increasing food production.
As rainfall is highly stochastic in nature, irrigation has to
be planned efficiently. In order to apply irrigation water
efficiently, the water requirement of the crops is to be
estimated accurately (Vedula and Majumdar, 1992).
Several computer models are now available to estimate
the crop water requirements. CROPWAT (Smith, 1992
and Allen et al., 1998) a computer programme developed
by the Land and Water development division of FAO,
Rome, Italy was selected for the present study. The
model carries out the calculations of the reference
evapotranspiration (ET

0
), crop water requirement (ET

c
)

and the irrigation water requirements of the different
crops.

 METHODOLOGY
The detail methodology of data collection, its

analysis and application of model to the study area have
been discussed in the following heads:

Study area :
Bapatla was selected as study area and

geographically Bapatla is located at latitude of 15.92º N
and longitude of 80.49º E with an altitude of 5 m above
mean sea level. The experimental site lies in the humid
sub-tropical area. During summer it was dry and hot,
whereas in winter is cool.

Meteorological data :
Daily meteorological data like rainfall, max. and min.

temperatures, relative humidity, wind speed and sunshine
hours were collected for the period of 2009 to 2013 from
the Postharvest Technology Center, Bapatla and shown
in Table A. It shows that the average monthly rainfall
was significantly higher in September and October
months. Minimum and maximum temperatures were
increased significantly and relative humidity was
minimum during the May and June months. Sunshine
hours were minimum from October to February months
during the winter season and the wind speed was
maximum in the months of May and June. Soil data and
crop data were collected and used in the application of
CROPWAT model to vegetable crops for estimation of
reference evapotranspiration, crop water requirement

Table A : Average monthly climatic data of the study area (Bapatla)
Month Minimum temp. (°C) Maximum temp. (°C) Humidity (%) Wind speed (km/day) Sunshine (hours)

January 17.8 29.8 80 104 11.3

February 18.6 31.3 76 104 11.6

March 21.8 33.1 79 147 12.0

April 25.9 34.3 78 199 12.5

May 28.0 38.3 68 225 12.8

June 27.0 38.3 57 233 13.0

July 25.3 34.3 71 190 12.9

August 25.4 34.3 72 190 12.6

September 25.1 34.1 78 156 12.2

October 24.0 32.4 81 104 11.8

November 20.9 30.8 81 130 11.4

December 18.6 30.3 79 95 11.2

Average 23.2 33.4 75 156 12.1
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and irrigation scheduling for the vegetables.

Evapotranspiration :
The CROPWAT module is primary for data input,

requiring information on the meteorological station
(country, name, altitude, latitude and longitude) together
with climatic data. Evapotranspiration consists of
evaporation from soil and transpiration from plant body.
The evapotranspiration rate from a reference surface,
not short of water, is called reference evapotranspiration
(ET

0
). CROPWAT 8.0 uses the Penman (1948) and

Monteith (1965) method to calculate reference
evapotranspiration (ET

o
) using only temperature, but

humidity, wind speed and sunshine should be entered if
available. The mathematical expression of the reference
evapotranspiration (ET

0
) is follows :

)u34.0+1(γ+Δ

)e–e(u
273+T

900
γ+)G–R(Δ408.0

=ET
2

as2n
0

where,
ET

0
 = Reference evapotranspiration (mm/day)

R
n
 = Net radiation at the crop surface (MJm-2

day-1)
G = Soil heat flux density (MJm-2 day-1)
T = Mean daily air temperature at 2 m height

(0C)
u

2
 = Wind speed at 2 m height (m/sec)

e
s
= Saturation vapour pressure (k Pa)

e
a
= Actual vapour pressure curve (k Pa /0C )
 = Psychrometric constant (k Pa /0C ).

Effective rainfall :
Effective rainfall is defined as that a part of the

rainfall which is effectively used by the crop after rainfall
losses due to surface run off and deep percolation have
been accounted for. The effective rainfall is the rainfall
ultimately used to determine the crop irrigation
requirements.

To account for the losses due to runoff or
percolation, a choice can be made of one of the four
methods given in CROPWAT 8.0 i.e., Fixed percentage,
Dependable rain, Empirical formula and USDA Soil
Conservation Service methods. For this study USDA Soil
Conservation Service method was chosen for calculating
the effective rainfall and estimated by using following
formula :

Peff = Pmonth × (125 - 0.2 × Pmonth) / 125 for Pmonth < 250 mm

Peff = 125 + 0.1 x Pmonth for Pmonth > 250 mm

where,
P

month
 = Monthly rainfall and

P
eff

 = Effective rainfall

Crop water requirement :
Crops require the water mainly to meet the

evapotranspirational demand. The potential crop
evapotranspiration (PET) i.e., crop water requirement
was estimated with the following formula :

PET = ET0 × Kc

where, K
c
 is the crop co-efficient.

In this study, The CROPWAT 8.0 model was used
to estimate the crop water requirement. The crop data
required by the CROPWAT model are the crop co-
efficient at different growth stages, sowing/ planting
dates, duration of different crop growth stages, initial
and maximum root depths. The crop co-efficients depend
on the changing crop characteristics over the growing
season. The growth stages of crops are divided into initial
stage, development stage, mid season and late season.
The general trend of variation of crop co-efficients during
different growth stages of vegetable crops is shown in
Fig. A.

Fig. A : General trend of variation of crop co-efficients during
different growth stages of vegetable crops

ESTIMATION OF CROP WATER REQUIREMENT, EFFECTIVE RAINFALL & IRRIGATION WATER REQUIREMENT FOR VEGETABLE CROPS USING CROPWAT

 RESULTS AND DISCUSSION
The exprimental findings obtained from the present

study have been discussed in following heads:

Reference evapotranspiration :
Estimated monthly reference evapotranspiration

(ET
0
) for the study area is presented in Table 1. Results

of the study shows that the average peak monthly ET
0

was observed to be 8.09 mm/day for the month of June
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and followed by the 7.55 mm/day for the month of May
due to the high temperatures during the months. Whereas,
average minimum ET

0
 were observed as 3.85 and 3.92

mm/day in the months of December and January,
respectively due to winter months (Table 1).

Effective rainfall :
Effective rainfall was estimated as 72.5 per cent of

the rainfall i.e. 769.2 mm per annum out of the total
average annual rainfall 1060.3 mm and the losses
estimated as 27.5 per cent of rainfalls in the study area.
Table 1 shows that the average monthly rainfall with
maximum effective rainfall occurred in October (149.8
mm) followed by September (146 mm), July (118.7 mm)
and August (109.5 mm) months. Total rainfall and

Fig. 1 : Monthly rainfall and effective rainfall of the study
area
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Table 2 : Crop water requirement for Rabi vegetable crops based on the historical weather data of Bapatla (Hear 1 dec is equal to 10 days)
Month Dec. Stage Crop co-efficient Kc ETc mm/day ETc mm/dec Effective rainfall mm/dec Irr. Req. mm/dec

Feb. 2 Init 0.70 3.19 28.7 0.0 28.7

Feb. 3 Init 0.70 3.40 27.2 0.0 27.2

March 1 Deve 0.73 3.77 37.7 0.0 37.7

March 2 Deve 0.83 4.56 45.6 0.0 45.6

March 3 Deve 0.95 5.45 59.5 0.1 59.8

April 1 Mid 1.02 6.16 61.6 9.6 52.0

April 2 Mid 1.02 6.45 64.5 14.4 50.2

April 3 Mid 1.02 6.88 68.8 11.8 57.0

May 1 Late 1.00 7.16 71.6 6.4 65.2

May 2 Late 0.96 7.23 50.6 2.6 46.9

Total 516.3 44.8 470.4

R. GANESH BABU, G. RAVI BABU AND H.V. HEMA KUMAR

Table 1 : Estimated monthly effective rainfall along with actual rainfall

Month
Reference evapo-transpiration

(ET0 mm/day)
Rainfall, mm

Effective rainfall (ER),
mm

Percentage of ER (%)

January 3.92 37.0 34.8 94.1

February 4.56 0.0 0.0 0.0

March 5.47 0.0 0.0 0.0

April 6.31 38.1 35.8 67.7

May 7.55 20.3 19.6 96.6

June 8.09 73.4 64.8 88.3

July 6.70 159.3 118.7 74.5

August 6.56 141.5 109.5 77.4

September 6.01 232.4 146.0 62.8

October 5.14 248.9 149.8 60.2

November 4.34 109.4 90.3 82.5

December 3.85 0.0 0.0 0.0

Total/Average 5.71 1060.3 769.3 72.5

effective rainfall is depicted in Fig. 1. Khandelwal et al.
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(1996) estimated the evapotranspiration of wheat under
semi arid environment.

Crop water requirement :
Estimation of the crop water requirement (ETc) was

carried out by calling up successively the appropriate
climate data, together with soil and crop data files and
the corresponding planting dates. The crop water
requirement was estimated for vegetable crops at study
area as 516.3 mm during Rabi season and also estimated
the crop water requirements at different growing stages
of vegetable crops during Rabi season using CROPWAT
based on the climate data, rainfall data, crop data,
cropping pattern data and soil data and furnished in Table
2 and Fig. 2. Similar work related to the topic was also
done Raut and Jadhav (2012).

irrigation water requirement were estimated for vegetable
crops during Rabi season in the study area (Bapatla) as
516.3 mm and 470.4 mm, respectively.
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Fig. 2 : Crop water requirement and irrigation water
requirement of the okra crop
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Conclusion :
From the study it is concluded that reference

evapotranspiration, effective rainfall, crop water
requirement and irrigation water requirement can be
estimated using CROPWAT with the input of climatic
data like rainfall, max. and min. temperatures, relative
humidity, wind speed and sunshine hours. By application
of the CROPWAT to the study area, the average
effective rainfall was estimated for the study area as
769.3 mm out of 1060.3 mm annual rainfall. Reference
evapotranspiration was estimated during the study period
and found that the average peak monthly ET

0
 was

observed to be 8.09 mm/day for the month of June and
followed by the 7.55 mm/day for the month of May.
Whereas average minimum ET

0
 were observed as 3.85

and 3.92 mm/day in the months of December and January,
respectively. The crop water requirement (ETc) and
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