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Abstract: Availability of fresh water is becoming scare 

throughout the world and is of great concern to everyone. It is 

believed that scarcity of water will affect the agricultural 

production significantly. While alternative approaches for saving 

water is necessary, it is equally important to use the available 

water judiciously. For a given crop, during its entire growth 

period, the water requirements vary. If estimation can be made on 

the quantity of water required for the growth of a plant and the 

frequency interval of watering the crop, it is possible for the 

farmers to judiciously use water without affecting the quality of 

the production. This project will design a software system wherein 

for a given crop and location of the land, the farmers will be able 

to estimate the water requirement and frequency of watering. And 

this system also incorporates the facility for forecasting the 

temperature during the crop growth period. 

 
Keywords : crop water requirement, evapotranspiration, 

temperature forecast,  irrigation scheduling. 

I. INTRODUCTION 

The pressure of freshwater scarcity is increasingly felt 

throughout the world. India consumes about 80% of its 

freshwater for agriculture. Most farmers in India still follow 

flood irrigation resulting in lot of water loss [1, 2]. One of the 

easiest way to address this issue is to help the farmers know 

the exact amount of water a crop needs during different stages 

of its growth for a given geographical, climatic and soil 

condition. In the recent past, new technological approaches 

are being considered for accurate estimation of actual crop 

evapotranspiration. For instance, [3] used large-aperture 

scintillometer and eddy covariance instruments and reported 

that the actual evapotranspiration thus obtained is lesser by 

35% of the crop evapotranspiration obtained using 

Penman-Monteith method for an experimental farm at Italy. 

Their results corroborate the previous findings by researcher 

[4] who after studying many methods including FAO 

Penman-Monteith, Penman, Blaney – Criddle, Hargreaves etc 

reported that the estimated evapotranspiration by these 

methods are on the higher side when compared to those 

obtained using instruments like lysimeter.  

 

Despite the above discussed fact, the estimation of 

evapotranspiration using the theoretical methods is still 

widely used all over the world. The estimation by any of these 

methods will certainly be much lower than the water used in 

flood irrigation method. Besides, being economically 

challenged, the farmers in developing countries are not in a  
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position to adopt highly instrumental based methods even 

at the cost of accuracy. Hence, implementing one of the 

theoretical methods through promotion of technology in 

simpler level at the rural region of the country can be highly 

effective in saving freshwater without affecting the 

agricultural yield. In simple words, this work recommends 

practice of precision agriculture in its simplest form which 

uses information technology to develop software that can 

estimate the minimum water required to fulfil the 

evapotranspiration needs of the crop and ensure maximum 

productivity.  

The CROPWAT software is one of the free download 

software for irrigation scheduling which uses Penman 

equation for estimation of evapotranspiration. However, this 

software is highly memory intensive and data intensive, and 

cannot be easily converted to an  

App to be used by the farmers. Hence, there is a need to 

develop simpler software which can give irrigation 

scheduling details with lesser meteorological information 

without adversely affecting the accuracy. Of many methods 

available, in this study, the estimation of evapotranspiration is 

implemented in the developed software using Blaney Criddle 

method [2, 3] as a default option primarily because it uses 

minimum number of meteorological parameters and is widely 

used by many engineers. The proposed software also 

incorporates the facility for forecasting the temperature 

during the crop growth period based on the historical mean 

temperature time series. Genetic Programming (GP) is used to 

develop mathematical model for forecasting the temperature. 

In order to doubly ensure the applicability of this empirical 

method, it is proposed to conduct pilot scale study growing 

the same crop in a limited area with the irrigation water 

requirement as estimated using the software. 

II.  MATERIALS AND METHODS 

Fig.1 shows the flowchart of the various inputs and the 

output to the developed software tool. For a given crop, it is 

necessary to know the growth stages classified into four major 

categories namely initial stage, crop development stage, mid 

season stage and late season stage. The crop      coefficient 

corresponding to a given growth stage is taken from standard 

references. The user is given flexibility to edit the crop growth 

stages as well as the crop coefficients given as default values 

for a selected crop.  
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Fig. 1. Flowchart indicating inputs and outputs for 

the software 

For the application of Blaney Criddle method, the weather 

information required is the mean monthly temperature and the 

percent sunshine hour for given latitude. Users can edit the 

monthly temperature for different months during the crop 

growth stage. Choice is given to the users to prefer forecasting 

of temperature if required.  

 

The temperature forecast model is evolved using GP which is 

an evolutionary algorithm build on mimicking the Darwin’s 

theory of natural selection and survival of the fittest. The GP 

algorithm generates initial set of equations through random 

combination of terminal set (constants and variables 

governing the process) and functional set (arithmetic 

operators and mathematical functions). This initial set of 

equations are further refined with the passage of ‘generations’ 

using crossover or mutation operators. Details can be referred 

to in [5]. In this study, the GP model uses the temperature of 

current month and that of the previous month to forecast the 

temperature of the next month. The GP evolved model for the 

temperature forecast is given in “(1)”. 

 

 

 

 

where T1 is previous month temperature, T0 is the current  

month temperature and T2 is the forecasted temperature for 

the next month. This forecasted temperature will be the 

current month temperature when the software runs in iteration 

to forecast the future temperatures. 

With these inputs, the use of Blaney Criddle equation as given 

in “(2)” will yield the monthly evapotranspiration for the 

crop.      

    

 
                                                                                                                                             

where ETc = evapotranspiration in a crop season in cm, kc = 

an empirical coefficient which depends on the type of crop 

and the stage of growth, Ph = monthly percent of annual 

day-time hours which is a function of latitude of a place (and 

obtained from standard available charts) and Tf = mean 

monthly temperature in ˚F. 

For the estimation of frequency of irrigation, it required to 

know the water storage capacity of the soil which depends on 

the soil type as well as the crop root depth. The user can input 

the field capacity and permanent wilting point in the software 

tool. The default option will consider 80% of the available 

moisture to be the optimal moisture. Irrigation is to be 

planned before this stage. Frequency of irrigation is estimated 

by dividing the available soil moisture depletion and daily 

water use. 

 

The software tool is implemented with Windows 7 as the 

operating system with ASP.NET with C# as the front end and 

SQL server as the back end. The same can be developed as a 

mobile app to be used by the farmers directly 

III. RESULT AND DISCUSSION 

The flow steps shown in Fig.1 is consolidated into the 

software by means of three major modules namely estimation 

of water requirement (evapotranspiration) module, 

temperature forecast module and the frequency of irrigation 

module. Fig. 2 to 6 illustrates these modules from the users’ 

point of view.  

 
Fig. 2. Flowchart indicating inputs and outputs for the 

software 

 
Fig. 3. Fig. 3.Screen showing weather parameter inputs 
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Fig. 4.Estimated ETc per month and per day 

 

 
Fig. 5.Screen showing soil parameters input 

 

 
Fig. 6.Screen showing the frequency of irrigation 

 

The software gives flexibility to the users to choose the crop 

growth period (in number of days) for a given crop. Once the 

starting date of the crop is decided by the user, the software 

automatically tabulates the exact dates for the different stages 

of crop growth. By default, the software will allow the user to 

enter the average monthly temperature for the different 

months associated with the growth of a given crop. If the user 

prefers to forecast the temperature, that is also done. 

However, the time series data should contain atleast the 

current month and the previous month temperature. The 

estimated value of ETc is displayed to the user both per month 

as well as per day. Table 1 shows the predicted temperature 

and the estimated ETc for both actual temperature and 

forecasted temperature. 

Table- II: COMPARISON OF ETC WITH ACTUAL AND 

FORECAST TEMPERATURE 

Month Actual 

Temperatur

e (Celsius) 

Temperatur

e forecast 

(Celsius) 

ETc in cm 

(actual 

temp) 

ETc in cm 

(Temperatur

e forecast) 

Apr 35 35 8.08 8.08 

May 32 31 14.04 13.55 

Jun 30 33 17.75 19.35 

Jul 27 29 17.29 18.27 

Aug 26 34 5.85 6.86 

The soil parameters (field capacity, permanent wilting point 

and root zone depth) are displayed as default values for the 

selected soil but the user has the flexibility to change the 

same, if required. Based on the ETc for a given month and the 

storage capacity of the soil is estimated, the frequency of 

irrigation is decided. In this study, it is assumed that there is 

no rainfall or the ETc represents the net irrigation demand 

after removing the rainfall component.  

The proposed software system is implemented for a real time 

study at the experimental scale for maize crop. The crop was 

watered as per the estimation made from the software. Fig. 7 

shows the planting and growth of the crop over different days 

of its growth period. 

IV. CONCLUSION  

The following conclusions are arrived at based on the study 

carried out: 

Fig.7. Stages of crop growth 
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a) Blaney-Criddle equation gives reasonably accurate 

estimation of ETc for the region under study and hence can 

be recommended to be used as an alternative to more 

cumbersome Penman-Monteith equation. 

b) The Genetic Programming is a promising tool to 

develop mathematical models for temperature forecast. As 

an alternative, when implementing this as a mobile app, 

temperature forecasted by certain weather predictor can be 

used, and avoid receiving inputs by the farmers. 

c) The software developed is economical and east to use 

by the farmers when compared to the other software 

available. 
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