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Abstract— A study is carried out to determine the crop water 

requirement of some selected crops for the command area in 

Markandeya command area. These crops include jowar, 

Groundnut, Hybrid Maize, Pulses, Mexican Wheat, Bengal 

Gram, Green Gram and Sunflower. Crop water requirement 

for each of the crops is determined by using 30-year climatic 

data. Reference crop evapo-transpiration (ETo) is determined 

using the FAO Penman Monteith method. For all the crops, 

crop growth stages such as nursery, land preparation, initial 

stage, development stage, mid-season and late season stage 

are considered. The net irrigation requirement is 

218.1mm/year. The gross water requirement is 311.57 

mm/year with an application efficiency of 70%. Therefore 

the entire land area of 21290 ha requires 66.33 Million cubic 

meters. Thus the results of the study dam can conveniently 

supply the water required for irrigation in the command area. 
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I. INTRODUCTION 

Water is important for plant growth and food production. 

The primary objective of irrigation is to apply water to 

maintain crop evapotranspiration (ETA) when precipitation 

is insufficient. The finite total amount of available water is 

crucial for the economy, health and welfare of a very large 

part of the developing world. Hess defined crop water 

requirements as the total water needed for 

evapotranspiration, from planting to harvest for a given crop 

in a specific climate regime, when adequate soil water is 

maintained by rainfall and/or irrigation so that it does not 

limit plant growth and crop yield.  

CROPWAT [1] is practical tool to help 

agrometeorologists, agronomists and irrigation engineers to 

carry out standard calculations for evapotranspiration and 

crop water use studies, and more specifically the design and 

management of irrigation schemes. It allows the 

development of recommendations for improved irrigation 

practices, the planning of irrigation schedules under varying 

water supply conditions, and the assessment of production 

under rainfed conditions or deficit irrigation. Ali Abdzad 

Gohari [2] adopted the CROPWAT model to appropriately 

estimate the yield reduction caused by water stress and 

climatic impacts. The simulation results analysis suggest 

that in both condition rainfed and irrigated the largest yield 

reduction occurred in the stage three (developmental stage). 

Kirda [3] concluded that the proper application of deficit 

irrigation practices can generate significant savings in 

allocation of water in irrigation. Among field crops, 

groundnut, banana, vegetables, common bean and sugarcane 

show proportionately less yield reduction obtained under 

various levels of reduced evapotranspiration. Dhanapal et al 

[4] conducted that the proper application of deficit irrigation 

practices can generate significant in irrigation water 

allocation. Among filed crops, groundnut, soybean, common 

bean and sugar cane show proportionately less yield 

reduction. Li and Barker [5] introduce the research on 

practices to increase water productivity for paddy irrigation 

in China and summarize the experience on implementation 

of the alternate wetting and drying (AWD) irrigation 

technique. Considerable benefits have been realized from 

the adoption of AWD. However, farmers must be persuaded 

through demonstration and training that yields can be 

maintained with application of less water. A study was 

carried out by Nithya et al [6] to determine the crop water 

requirement of some selected crops for the command area in 

Kunigal taluk. These crops include rice, pulses, groundnut, 

sugarcane and millet (ragi). Crop water requirement for each 

of the crops was determined using 30-year climatic data in 

CROPWAT. Reference crop evapotranspiration (ETo) was 

determined using the FAO Penman Monteith method. 

Shreedhar et al [7] carried out research to review the crop 

yield responses of major crops to deficit irrigation in 

Kunigal command area. A study was carried out by 

Shreedhar et al [8] to develop optimum cropping pattern for 

Markandeya command area with the constraints of available 

resources like water usage and also labour, fertilizers, seeds, 

etc., and ultimately getting maximum net benefits using 

linear programming model [8]. 

Net irrigation water requirements (NIWR) in a 

specific scheme for a given year are thus the sum of 

individual crop water requirements (CWRi) calculated for 

each irrigated crop. Crops will transpire water at the 

maximum rate when the soil water is at field capacity. 

Adequate data on irrigation water requirements of most 

crops is not available in developing nations of the world. 

This is one of the reasons why for the failure of large scale 

irrigation projects in most developing countries of the world. 

The objective of this study is to determine crop water 

requirements of Jowar, Groundnut, Hybrid Maize, Pulses, 

Mexican Wheat, Bengal Gram, Green Gram and Sunflower. 

II. STUDY AREA 

The area taken for the study is Markandeya Reservoir 

Project. The river Markandeya is a major tributary to 

Ghataprabha River which is a tributary to river Krishna. The 

Markandeya River flows entirely in Belgaum district of 

Karnataka state with a drainage basin of 432Sq. kms. The 

project envisages the construction of concrete dam across 

Markandeya River near Shirur village in Belgaum district to 

irrigate lands of Belgaum, Hukkeri, Gokak and Saundatti 

Taluks. 

The proposed dam site across Markandeya river is 

located at latitude 16°2´0”N and longitude 74°38´30”E and 

near Shirur village. The soil of this region is fertile and 

good. Assured crops can be raised in the region by providing 

irrigation facilities. The land in this area is consisting of red 
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soil, sandy soil with patches of black cotton soil and is very 

fertile for irrigation. 

 
Fig. 1: Study area 

III. ESTIMATION OF WATER REQUIREMENT 

The term crop water requirement is defined as the amount of 

water required to compensate the evapotranspiration loss 

from the cropped field. Although the values for crop 

evapotranspiration and crop water requirement are identical, 

crop water requirement refers to the amount of water that 

needs to be supplied, while crop evapotranspiration refers to 

the amount of water that is lost through evapotranspiration. 

The crop ET (ETC) is estimated by FAO Penman-Monteith 

equation. 

IV. CROPWAT 

The CROPWAT programme (version 5.7) developed for the 

FAO Penman-Monteith method (FAO, 2005) is utilized for 

estimating the crop water requirement of each of the crops 

studied. To ensure the integrity of computations, the weather 

measurements are made at 2 m (or converted to that height) 

above an extensive surface of green grass, shading the 

ground.  

V. RESULTS 

A. Effective Rainfall 

The average rainfall for a 30year period is calculated and the 

data on the monthly basis is given in CROPWAT for 

calculating effective rainfall. Effective rainfall refers to the 

portion of precipitation that can effectively be used by the 

plants. 

The average annual rainfall for the study area is 

524.8 mm and the effective rainfall that is used by the crops 

is 464.3mm which is 80 % of the annual rainfall. 

B. Irrigation Requirement 

The net irrigation water requirement is 218.1mm/year. This 

is summation of the NIR values from January to December. 

Using an irrigation application efficiency of 70%, the gross 

water requirement of 311.57mm/year is obtained. Therefore 

the entire land area of 21290 ha requires 66.33Million cubic 

meters. The reservoir capacity is 68milliion cubic meters. 

Hence the reservoir capacity of 68MCM is sufficient to 

irrigate the entire area under the Markandeya command 

area. The results show that the dam can conveniently supply 

the water required for irrigation in the area. 

Altitude 710m Latitude 16.03° N 

Station Belgaum Longitude 74.63° E 

Month Min Temp Max Temp Humidity Wind Sun Rad ETo 

 
°C °C % km/day hours MJ/m²/day mm/day 

Jan 14 30 50 168 10 20.3 4.59 

Feb 15 31 44 168 10 22.1 5.18 

Mar 18 34 45 192 11 25.4 6.37 

Apr 20 36 52 216 11 26.4 7.04 

May 20 34 63 312 10 24.8 6.82 

Jun 20 27 81 360 3 14.1 3.6 

July 21 26 87 360 1 11.1 2.73 

Aug 19 25 88 312 1 11 2.51 

Sep 19 28 83 216 3 13.6 3.14 

Oct 19 29 74 168 6 16.8 3.82 

Nov 16 28 61 192 7 16.6 4.04 

Dex 15 29 54 192 9 18.3 4.36 

Avg 18 29.8 65 238 6.8 18.4 4.52 

Table 1: Reference Crop-Evapotranspiration

Month 
Rain Eff rain 

mm mm 

January 0.7 0.7 

February 0.3 0.3 

March 7.4 7.3 

April 27.6 26.4 

May 70.4 62.5 

June 63.8 57.3 

July 74.5 65.6 

August 53.4 48.8 

September 104.5 87 

October 88.1 75.7 

November 28.8 27.5 

December 5.3 5.3 

Total 524.8 464.3 

Table 2: Effective Rainfall 
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Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

1. Khariff Pulses 0 0 0 0 0 7.7 34.6 6.6 0 0 0 0 

2. Groundnut 0 0 0 0 0 0 3.8 59.6 81.2 16.7 0 0 

3. Maize 0 0 0 0 0 0 0 29 3.8 0 0 0 

4. Jowar 0 0 0 0 0 27.1 29.2 39 12.8 7.9 0 0 

5. Hybrid Jowar 140.4 54.7 0 0 0 0 0 0 0 0 53.6 127.4 

6. Wheat 161.3 146.4 42.7 0 0 0 0 0 0 0 20.9 113.2 

7. Bengal gram 126.9 2.7 0 0 0 0 0 0 0 0 53 148 

8. Sunflower 161.1 104.2 0 0 0 0 0 0 0 0 15 96.5 

9. COTTON 127.1 45.5 0 0 0 0 0 0 0 49.6 115.4 150.7 

Net scheme Irr.req. 
            

in mm/month 55.1 35.3 6.8 0 0 4.5 9.7 21.4 16.8 6.9 16.3 45.3 

Table 3: Scheme Irrigation Requirement

VI. CONCLUSIONS 

The results obtained from the study for the average rainfall 

year can be used as a guide by farmers for selecting the 

amount and frequency of irrigation water for the crops 

studied under consideration. The study also shows that the 

dam can conveniently supply the water required for 

irrigation in the area used at present and also in the entire 

land area. The results obtained from the study can be used as 

a guide by farmers for selecting the amount and frequency 

of irrigation water for the crops studied under consideration. 

This project is taken up to calculate crop water 

requirements and scheme water supply and irrigation 

scheduling of crops under Markandeya reservoir so that the 

end user are benefitted to a greater extent. 
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