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Abstract: water, the important resource to prolong the lives on the earth. With the advances in agricultural sector, precise knowledge of 

all the input parameters has gained importance. Water is one of the major inputs and crops the other. The knowledge of crop water 

requirement and irrigation scheduling is therefore imperative both for optimization of crop yields and economic use of water and 

optimization of crop which may lead to attain more crop per drop. In this project, A study is carried out to determine crop water 

requirement and irrigation scheduling of crops in Aurangabad region, Aurangabad district, Maharashtra. Crop water requirement and 

irrigation scheduling in this region is determined using Cropwat 8.0. The major crops are Wheat, Sorghum, Cotton, Onion and Maize. 

The Penman Monteith method is used to determine reference evapotranspiration. For the purpose of effective scheduling, cropping 

pattern and soil characteristics were obtained. From the final output it has been observed that crop water requirement for Sorghum is 

less and Wheat is high as compared to other crops whereas the number of irrigation events required for Sorghum is less and Onion is 

high as compared to other crops.  

 
1. Introduction 

A sustainable development and effective water management are 

the two major challenges faced by many nations particularly 

India. India being an agriculture based country where more than 

70% population depends on agriculture is highly susceptible to 

the problem of serious water shortage and high climatic 

variability. About one third of the geographical area of the 

country is drought prone. An array of factors leading to the 

evidence of crises are non-continuous drinking water supply, 

low water quality been observed in many rural habitations, 

major and medium irrigation projects remain under execution, 

over exploitation of ground water, degradation of the catchment 

area, lower water quality of rivers and lakes, difference between 

irrigation potential created and area actually irrigated is large. 

Some of the reasons to such crises are increasing population, 

growing urbanization and rapid industrialization combined with 

the need for higher agricultural production (Planning 

Commission, GOI, 2012). An adequate knowledge of crop water 

demand and irrigation planning and management would prove to 

be useful in increasing agricultural productivity.  

Crop water requirement is the total water required for the crops 

for a particular period i.e. from sowing to harvesting. Climatic 

condition of a particular place plays a major role in the 

determination of water requirement of crops. Different crops 

require different water requirement under the same climatic 

conditions. Thus, it is of paramount importance to have 

knowledge about the water requirement of crops intended to be 

grown in the area.  

Irrigation is the application of supplementary water where 

rainfall is insufficient to meet the crop water requirement. This 

irrigation requirement should be appropriately estimated and 

accurately supplied. As under irrigation may lead to yield 

reduction and over irrigation may lead to water logging, salinity 

either in any of the case crop growth is seriously affected. 

Irrigation scheduling provides answer to the two questions — 

when to irrigate? How much to irrigate? Here time and depth 

criteria is taken into consideration. Irrigation scheduling forms 

the sole means for increasing yield which also result in water 

saving. Thus for proper water management irrigation scheduling 

must be done. 

 

2. Objective of Study 

     To calculate reference evapotranspiration using    Cropwat.        

To determine crop water requirement using Cropwat. To 

determine irrigation scheduling using Cropwat 

 

3. Study Area  

     The present study area is located on the tributary of Sukhna 

River at Kaudgaon, Paithan taluka, Aurangabad district, 

Maharashtra. It is a minor irrigation project .Catchment area is 

17.25 sq.km. It comes under the co-ordinates of 20˚37’ East 

and 19˚48’ north. The climate characterized as semiarid 

climate. The average annual precipitation is 644 mm and the 

average temperature is 829.14mm. The soil is mainly suitable 

for kharif crops. Wheat is the main crop sown in this area. 
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Figure 3.1: Study area map 

 

4. Data Collection 

The required climatic data was taken from globalweather.tamu and 

the data related to crops and cropping pattern was taken from 

Irrigation Department of Aurangabad District. The soil data and 

other management data was taken from Agricultural department of 

Aurangabad District. 

 

4.1. Reference Evapotranspiration 

 

The result of average monthly reference evapotranspiration is 

as follows: 

 

 
Figure 4.1: Average monthly reference evapotranspiration.  

 

Figure 4.1 shows an average climatic data which is given as 

input for the determination of reference evapotranspiration. 

Solar radiation is also one of the climatic parameter calculated 

by the model with the given input parameters as it is required 

for the calculation of reference evapotranspiration. The average 

monthly minimum, maximum temperature showed an 

increasing trend from January till May which was highest in 

May and then a decreasing trend was found. Humidity showed 

an increasing trend from June to September which was highest 

in September and then a decreasing trend was found. For wind 

speed higher values were observed from May to August. 

Sunshine hours and solar radiation had higher values from 

February to May. The monthly average minimum and 

maximum temperature was 19.60˚C and 32.10˚C respectively. 
Humidity was 50%, wind speed was 261km/day, sunshine was 

7.9hours, radiation was 19.6 MJ/m2/day and reference 

evapotranspiration was 5.87mm/day. 

.4.2 Crop Water Requirement using Cropwat 

 

The results of crop water requirement of different crops during 

its total growing period are as follows: 

1) Wheat: 

 
Figure 4.2: Crop water requirement of Wheat using Cropwat  

 

Figure 4.2 shows, depending upon the climatic parameters and 

crop characteristics the crop water requirement for Wheat for 

total growing period was found to be 519.8mm/dec. The crop 

evapotranspiration was found to be 543.3mm/dec which was at 

some extent satisfied by effective rainfall of 25.3mm/dec and 

the remaining was satisfied by irrigation requirement of 

519.8mm/dec. 

2) Sorghum : 

 

 
Figure 4.3: Crop water requirement of Sorghum using Cropwat  
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Figure 4.3 shows, depending upon the climatic parameters and 

crop characteristics the crop water requirement for Sorghum 

for total growing period was found to be 69.2 mm/dec. The 

crop evapotranspiration was found to be 364.9 mm/dec which 

was partially satisfied by effective rainfall of 402.1mm/dec and 

the remaining was satisfied by irrigation requirement of 69.2 

mm/dec. 

3) Cotton: 

 
Figure 4.4: Crop water requirement of Cotton using Cropwat  

 

Figure 4.4 shows, depending upon the climatic parameters and 

crop characteristics the crop water requirement for cotton for 

total growing period was found to be 435.1 mm/dec. The crop 

evapotranspiration was found to be 699.7 mm/dec which was 

partially satisfied by effective rainfall of 476.7 mm/dec and the 

remaining was satisfied by irrigation requirement of 435.1 

mm/dec 

4) Onion: 

 

 
Figure 4.5: Crop water requirement of Onion using Cropwat  

 

Graph 4.5 shows, depending upon the climatic parameters and 

crop characteristics the crop water requirement for cotton for 

total growing period was found to be 446.8 mm/dec. The crop 

evapotranspiration was found to be 479.6 mm/dec which was 

partially satisfied by effective rainfall of 31.4 mm/dec and the 

remaining was satisfied by irrigation requirement 446.8 

mm/dec. 

 

5) Maize : 

 
Figure 4.6: Crop water requirement of Maize using Cropwat  

 

Figure 4.6 shows, depending upon the climatic parameters and 

crop characteristics the crop water requirement for cotton for 

total growing period was found to be 432.3 mm/dec. The crop 

evapotranspiration was found to be 501.7 mm/dec which was 

partially satisfied by effective rainfall of 70.5 mm/dec. and the 

remaining was satisfied by irrigation requirement of 432.3 

mm/dec. 

 

Crops 

 

Crop 

Evapotranspiration 

(mm/dec) 

Irrigation 

Requirement 

(mm/dec) 

 

Wheat 543.3 519.8 

Sorghum 364.9 69.20 

Cotton 699.7 435.1 

Onion 479.6 446.8 

Maize 501.7 432.3 

 

Table 4.1: Crop water requirement of different crops using                       

Cropwat 

 

From table 4.1, Crop water requirement varies depending upon 

the crops. Sorghum has the lowest requirement i.e. 364.9 mm 

whereas Cotton has the highest requirement i.e. 699.7mm 
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4.3 Irrigation Scheduling using Cropwat 

 

While performing irrigation scheduling in Cropwat a range of 

options are available, depending upon the objective of the user 

a suitable one is to be selected. The scheduling option refers to 

two different categories:  

1) Time option — when the irrigation is to be applied.  

2) Application option — how much water is to be given per 

irrigation interval. Suitable option is to be selected from the  

drop down menu of the setting. 

In the present study irrigation scheduling was carried out by 

three different options: 

Option 1 — Irrigate at critical depth and refill the soil back to 

field capacity (50% critical depletion) 

1) Wheat: 

 
Figure 4.7: Irrigation Scheduling of Wheat using Cropwat 

From the Figure 4.7, it was observed that yield reduction will 

not occur from the present irrigation scheduling. Actual 

irrigation requirement was 510.8mm. It is the difference of 

actual water use by the crop and effective rainfall. The net 

irrigation requirement was 573.8 mm considering 70% 

irrigation efficiency the gross irrigation requirement was 819.8 

mm. Irrigation scheduling efficiency was 100%. Rainfall 

efficiency was 100.0%. It is the ratio of effective and total 

rainfall. Lower the losses higher the efficiency. Nine irrigation 

events of 51mm to 72mm depth is required. 

 

 

 

 

 

 

 

 

 

 

2) Sorghum: 

 
Figure 4.8: Irrigation Scheduling of Sorghum using Cropwat 

 

From the Figure 4.8, it was observed that yield reduction will 

not occur from the present irrigation scheduling. Actual 

irrigation requirement was -25.1mm. It is the difference of 

actual water use by the crop and effective rainfall. The net 

irrigation requirement was 63.9mm considering 70% irrigation 

efficiency the gross irrigation requirement was 91.3 mm. 

Irrigation scheduling efficiency was 100%. Rainfall efficiency 

was 75.6%. It is the ratio of effective and total rainfall. Lower 

the losses higher the efficiency. Only one irrigation event with 

63.9mm depth is required. 

3) Cotton: 

 
Figure 4.9: Irrigation Scheduling of Cotton using Cropwat 

From the Figure 4.9, it was observed that yield reduction will 

not occur from the present irrigation scheduling. Actual 

irrigation requirement was 336.3mm. It is the difference of 

actual water use by the crop and effective rainfall. The net 

irrigation requirement was 384.0mm considering 70% irr igation 

efficiency the gross irrigation requirement was 548.6mm. 
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Irrigation scheduling efficiency was 100%. Rainfall efficiency 

was 60.4%. It is the ratio of effective and total rainfall. Lower 

the losses higher the efficiency. Six irrigation event of one 

irrigation event with 55mm depth to 71mm is required.  

4) Onion: 

 
Figure 4.10: Irrigation Scheduling of Onion using Cropwat 

 

From the Figure 4.10, it was observed that yield reduction will 

not occur from the present irrigation scheduling. Actual 

irrigation requirement was 435.1mm. It is the difference of 

actual water use by the crop and effective rainfall. The net 

irrigation requirement was 461.8mm considering 70% irrigation 

efficiency the gross irrigation requirement was 659.7mm. 

Irrigation        scheduling efficiency was 100%. Rainfall 

efficiency was 95.5%. It is the ratio of effective and total 

rainfall. Lower the losses higher the efficiency. Twenty seven 

events from 10mm to 22mm depth is required. 

 

5) Maize: 

 
Figure 4.11: Irrigation Scheduling of Maize using Cropwat 

 

From the Figure 4.11, it was observed that yield reduction will 

not occur from the present irrigation scheduling. Actual 

irrigation requirement was 407.2mm. It is the difference of 

actual water use by the crop and effective rainfall. The net 

irrigation requirement was 447.7mm considering 70% irrigation 

efficiency the gross irrigation requirement was 639.6mm. 

Irrigation scheduling efficiency was 100%. Rainfall efficiency 

was 99.9%. It is the ratio of effective and total rainfall. Lower 

the losses higher the efficiency. Seven irrigation events of 

57mm to 69mm depth is required.  

 

 

 

 

5.Conclusion 

 

In the present study, crop water requirement and irrigation 

scheduling of Wheat, Sorghum, Cotton, Onion and Maize in 

the study area is successfully determined by using Cropwat. It 

has been observed that reference evapotranspiration is 

estimated by Cropwat was highest in the month of May and 

lowest in the month of April the average reference 

evapotranspiration in the study area was found to be 5.87 

mm/day. 

The crop evapotranspiration of different crops namely Wheat, 

Sorghum, Cotton, Onion and Maize is 543.3mm, 364.9mm, 

699.7mm, 479.6mm and 501.7mm respectively. And the 

irrigation requirement of the crops Wheat, Sorghum, Cotton, 

Onion and Maize is 519.8mm, 69.20mm, 435.1mm, 446.8mm, 

Crops Net 

Irrigation 

Req.(mm) 

Irrigation  

Events 

(In No.) 

Application 

Depth 

(mm) 

Wheat 573.8 9 51-72 

Sorghum 63.9 1 63.9 

Cotton 384 6 55-71 

Onion 461.8 27 10-22 

 

Maize 447.7 7 57- 69 
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and 432.3mm respectively. 

From the final output it has been observed that crop water 

requirement for Sorghum is less and Wheat is high. Whereas the 

number of irrigation events required for Sorghum is less and Onion 

is high.  

The irrigation scheduling was initially done by Cropwat using 

time and depth criteria to study its effects on yield reduction, 

rainfall and irrigation scheduling efficiency The results of 

irrigation scheduling indicated that irrigation at critical 

depletion and refill the soil back to field capacity would result 

in minimum yield reduction, net irrigation requirement, 

maximum rainfall and scheduling efficiency could be achieved.  
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