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SYNOPSIS 

The basic objective of this study is to observe the variations that have 

occurred in the crop water requirements of a suggested cropping system due to 

changes in the micro climatic conditions in the command area of the Kolar project. 

The initial planning of any irrigation project begins with the computations of crop 

water requirements of a proposed cropping pattern for the command area of that 

project. Usually climatological approaches:  are used to determine the crop water 

requirements using historical climatologic data available at the nearest site. 

On the basis of these.  crop water requirements, the net irrigation 

requirement and gross irrigation requirement considering certain project efficiency 

are calculated. Thus the computed gross water requirements are useful to fix the 

discharging capacities of the canal systems and ..the -storage capacities of 

dams/reservoirs in the cases of storage irrigation project. 

As the crop water requirements are closely related with the climatic 

conditions, so any variation that will take place in the climate will directly affect the 

crop water use and ultimately the discharging capacity of the canal system and the 

area to be irrigated. Considering this concept, an attempt is made to collect the 

climatological data, from 1984 to 1999 of the Hoshangabad station, which is the 

nearest I.M.D. station of the command area of the Kolar project, .and this data is 

processed to compute the crop water requirement. 

The results of this study show that the crop water requirements has 

increased by about 10.21% with reference to that adopted at the initial planning 

stage:. Resulting to which crop yields will decrease as available water is limited. The 

canal system has `- : adequate capacities to meet out the increased water 

requirements. 

As the Kolar project is a reservoir project so quantum of water available for 

the irrigation is limited. In such a situation to fulfil the need of increased crop 

water requirements the only way remaining is to improve the irrigation efficiency 

and control th,e cropping pattern. 
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Chapter 1 

INTRODUCTION 

1.1 GENERAL 

Irrigation for agricultural development has a high priority in India where the 

production of food grain has to keep pace with the requirements of rapidly 

increasing population. The availability of land and water resources per capita are 

fast depleting. In such situations, well planned and efficiently utilized irrigation 

system will definitely lead us to overcome the growing problem of food shortage to 

feed the ever increasing population of India. 

In order to achieve the optimum -utilisation of irrigation system, the fertility 

of the soil to be maintained, a suitable cropping system- to be adopted. In addition, 

the irrigation water supplies are to be ensured in order to obtain the economic and 

optimum utilisation of available irrigation water supplies. 

The crop water requirement is a subject of vital importance-to the irrigation 

engineers for making the most economic use of irrigation water and designing the 

main. and distribution system so as to provide water to the cultivators as required. 

The main purpose of irrigation is to supply the needed _moisture to the soil around 

the root zone of the plant. If"the root zone is not uniformly moistened or if either 

too much or too little water is added, the result is the diminished harvest. 

Crops require water in.-,appropriate quantities at specific intervals for their 

normal growth and for giving maximum yields. It is therefore essential to have 

knowledge about the quantum of this requirement and their timings so that the 

irrigation system - could be operated accordingly. The needs of the crop generally 

depend upon their types, rainfall incidence, climatological conditions, land grading 

and levelling, drainage conditions, soil characteristics etc. However, out of the 

aforesaid factors, the climatological conditions play an important role to affect the 

crop water requirements. 
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1.2 OBJECTIVE OF STUDY 

The basic objectives of this study are : 

(1) To observe the variation, if any, that have occurred in the crop water 

requirements of a suggested cropping system due to changes in the 

micro climatic conditions in the command area of the Kolar irrigation 

project, 

(2) To check the adequacy of the existing canal system to meet out the 

increased crop water requirements if observed due to changes in the 

micro climatic conditions in the command area of the Kolar project. 

The initial planning of any irrigation project_ begins with the computations 

of crop water requirement of a proposed suitable cropping pattern for the 

command area of that project. Usually climatological approaches are used to 

determine the crop water requirements using historical climatological data available 

at the nearest site. 

On the basis of these crop water requirements, the net irrigation 

requirements and gross irrigation requirements considering certain project 

efficiency are calculated. Thus the computed gross requirements are useful to fix 

the discharging capacity of the canal systems and the storage capacities of the 

dams/reservoirs in the cases of storage irrigation project. 

As the crop water requirements are closely related with the climatic 

conditions so any variation that will take place in the climate will directly affect the 

crop water use and ultimately the discharging capacity of the canal system and the 

area to be irrigated. 

Considering this concept, an attempt is made to collect the climatological 

data from 1984 to 1999 of the Hoshangabad Station, which is the nearest Indian 

Meteorological S,:ation of the Kolar project, and the crop water requirements are 

carried out and Ultimately the adequacy of canal system is checked in this study. 

Modified Panman method is used to assess the crop water requirements and the 
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cropping system for the Kolar project is suggested by Agriculture Department of 

Madhya Pradesh. 

The entire procedure for assessment of crop water requirement may also be 

helpful in the planning of any new irrigation project: 

3 



- Chapter 2 

REVIEW. OF,  LITERATURE 

2.1 CROP WATER REQUIREMENTS 

The availability of water in the right quantity and at right time is essential 

for healthy plant growth and yield. The estimation of crop water requirements is 

one of the basic needs for planning of any irrigation project. The crop water 

requirements are defined as "The depth of water needed to meet the water loss 

through evapotranspiration (ETcrop) of a disease free .crop, growing in large fields 

under non-restricting soil conditions including soil water and fertility and achieving 

full production potential under the given growing environment." 

Or in simple words we can say that amount of water required at the root 

. zone of a plant (crop), right from germination (sowing) of the seed upto the time 

of. harvest for. healthy growth and optimum yield is termed as the Crop Water 

Requirement (CWR). It includes the amount of water required for (a) consumptive 

use (Cu or ETA  or ETcrop), (b) special needs like land preparation, palewa, nursery, 

transplantation and (c) percolation and application losses depending upon the type 

of crop grown and the soil water characteristics. 

Evaporation, transpiration and consumptive use are the important factors in 

estimating crop water requirements and thereafter the irrigation requirement for 

the planning of any irrigation system. 

Evaporation. 

It is the process during which a liquid changes into a vapour or gas. The 

process of evaporation of water in nature is one of the fundamental components of 

the hydrological cycle by which water changes to vapour through the absorption of 

heat energy. This is the only form of moisture transfer from land! and oceans into 

the atmosphere. 
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Transpiration 

It is the process by which water vapour leaves the living plant .body and 

enters the atmosphere. 

Evapotranspiration (ETcrop) 

It denotes the quantity of water transpired by the plants during their 

growth plus the moisture evaporated from the surface of soil and vegetation. 

Consumptive Use (CU) 

Water is mainly needed. to meet the demands of evapotranspiration (ETcrop) 

and the metabolic activities of the plant. Both of these together is known as 

Consumptive Use (CU). 

Since the water required in the metabolic activities of the plant is very less 

(1% or below 1%) hence it is negligible. Therefore, ETcrop is practically considered 

as Consumptive Use (CU). 

As it is already mentioned above that water requirement includes the 

consumptive use (CU or ETcrop), losses - during the application of irrigation water 

(unavoidable losses) and the quantity of water required for special needs such as 

land preparation, nursary, transplantation etc., so it may be formulated as follows : 

CWF'. = ETcrop or CU + application losses + special needs. 

Thus crop r water requirement is therefore a `demand` and the supply that 

consist of contribution from any of the sources of water. The sources may be 

irrigation water (MG), effective rainfall (ER) and soil profile contribution (AS) 

including that f~:om shallow water. table. Numerically therefore crop water 

requirement,is given as 

CWR = IRRG + ER + AS 

or 	IRRG = CWR - (ER + AS) 

Thus, by. , knowing CWR, ER and AS, one can find- out the amount of 

irrigation water which is to be 'supplied. The computation of CWR' involves ETcropj 
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application losses and special needs, out of which application losses depends upon 

the system efficiency and special needs depends upon type of crop and soil type. 

So these may be found out for a"particular irrigation system having its command 

area with certain, cropping pattern. 

The remaining term, i.e., ET,T0  is to be determined. 'There are various 

methods for the determination Of ETcr,p, i.e. evapotranspiration. These methods 

can broadly be classified into-  three groups namely: 

(1) Methods based on direct measurements 

(2) Methods based on evaporation data 

(3) Methods based on climatological data. 

2.2 DETERMINATION OF EVAPOTRANSPIRATION (ETcrop) 

2.2.1 Methods Based on Direct Measurements 

The -principal methods for direct measurements of evapotranspiration are 

(1) Lysimeter Experiments 

Lysimeter studies involve the - growing of crops in large containers 

(lysimeters) and measuring their water loss and gains. A lysimeter can be defined 

as a device in which a volume of soil planted with vegetation is located in a 

container to isolate it' hydrologically from the surrounding soil. Mainly two types of 

lysimeter are there 

(i) Non-weighing type — volumetric, manometric, field method 

(ii) Weighing type 

Non weighing lysimeters give less accurate results compared to weighing 

type. To get more accurate results as well as short period estimates, weighing type 

lysimeters have been developed.  

The soil and crop conditions in the lysimeter should be close to the natural 

conditions. From the irrigation point of view, weighing lysimeters are, set up to 

enable the operator to measure the water balances : water added, water retained 
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by the soil, and water lost through all sources — evaporation, transpiration and 

deep percolation. These measurements involve weighing which may be made with 

scales or by floating the lysimeters in water on a suitably heavy liquid, in which 

case the change in the liquid displacement is computed against water loss from. the 

tank. The technique yields a measurement of total water loss and is useful as an 

indicator of field water loss, provided suitable precautions are taken. 

Lysimeters, though provide the means of precise and direct measurement of 

the amount of water supplied to and lost by the crop, often encounter a. number of 

problems. The major limitations are the reproduction of physical conditions such as 

temperature, water table, soil -texture and density etc., within the lysimeter 

comparable to those outside in the field. 

(2) Field Experimental Plots 

Measurements of water supplies to the field and changes in soil moisture 

contents of the field plots are dependable for computing seasonal_ water 

requirements of crops. The seasonal water requirements are computed by adding 

measured quantities of irrigation water, the effective rainfall received during the 

season and the contribution of moisture from the soil. 

The method requires that the amount of water applied to a field is 

measured accurately. This method, though satisfactory for computing seasonal 

water requirements, does not provide information on intermediate soil moisture 

conditions, short term use, profile use, deep percolation losses and peak use rate'-.;  

of crop. 

(3) Soil Moisture Depletion Studies 

The soil moisture depletion method is usually employed to determine the 

consumptive use of irrigated field crops grown on fairly uniform soils when the 

depth of the ground water is such that it will not influence the soil moisture 

fluctuation within the root zone. These studies involve measurement of soil 

7 



moisture from various depths at a number of times throughout the growth period. 

Greater the number of measurements, more is the information obtained 

from such studies. Consumptive use (CU) is calculated from the change in soil 

water content in successive samples from the following relationship: 

n 

 

M11 —M21  u =:E 	100 
	D. 

i=1 

in which, 

u-= Water use from the root zone for successive sampling periods or 

within one irrigation cycle, mm 

n = No. of soil layers sampled in the root zone depth D 

M1, = Soil ,  moisture percentage at the time of the first sampling in the ith 

layer 

M 21  = Soil moisture percentage at the time of the second sampling in the ith  

layer 

A, = Apparent specific gravity of the ith  layer of the soil. 

D, = Depth of the ith  layer of the soil, mm. 

Seasonal consumptive use (CU = Eu) is calculated by summing the 

consumptive use values of each sampling interval. 

(4) Water Balance Method- 

The water balance method, also called the inflow-outflow method, is•

suitable for large areas (watersheds) over long periods. It may be represented by 

the following hydrological equation :. 

Precipitation = Evapotranspiration + Surface runoff + Sub-surface drainage 

+ Change in soil water contents 	. 

This method necessitates adequate measurements of all factors, except 

evapotranspiration. The value of evapotranspiration is computed from the 

measured data. 

(11 



All the methods based on direct measurements yield very reliable values of 

evapotranspiration, provided elaborate installations and precise measurements are 

made. The methods are however costly, laborious and time consuming. 

2.2.2 Methods Based on Evaporation Data 

It has been observed that a close relationship exists between the rate of 

consumptive use- by crops, and the rate of evaporation from a properly located 

evaporation pan. The standard US Weather Bureau Class A open pan evaporimeter 

or the Sunken screen open pan evaporimeter can be used for the measurement. 

The relation between evapotranspiration and pan evaporation is given by the crop 

factor. 

Evapotranspiration: = Pan evaporation x Crop factor 

The value of crop factor for any crop depends on foliage characteristics, 

stage of growth, environment and geographical location. Consumptive use values 

are very low 
f
during the early stage of growth and increases as the plant 

approaches maturity. 

There is a general decline during the later periods. The values for a. 

particular crop at a location should be determined experimentally. 

2.2.3 Methods Based on Climatological Data 

(1) Thornthwaite Formula 

Thornthwaite assumed that an exponential relationship existed between 

mean monthly temperature and mean monthly consumptive use. The relationship 

was based largely on experience in the central and eastern United States. No 

allowance was made for different crops or varying land uses. 

Thornthwaite proposed the following .formula : 

PET = 1.6 (10 thy 



in which, 

PET = Unadjusted potential evapotranspiration, cm per month. 

t = Mean air temperature, °C. 

I . = Annual or seasonal heat. index, the summation of 12 values of 

monthly heat indices (i) when, 

= (t/5)1514 

a =. An empirical- exponent computed by the equation 

a = 0.000000675I3  — 0.0000771 I2  + 0.01792 I -+ 0.49239 

The unadjusted values of PET are corrected for actual daylight hours and 

days in a month..,  

The Thorrithwaite formula gives a reasonable estimate of. potential 

evapotranspiration in temperature, continental climate of North America where the 

formula was originally derived because there the temperature and radiation are 

strongly correlated with PET. 

(2) Christiansen Method 

Christiansen proposed an empirical formula, to estimate pan evaporation 

from climatic data when reliable measured pan evaporation data are not available 

for -estimation of evapotranspiration. 

The following is the Christiansen's revised equation developed at Logan 

(Utah), USA for estimation of pan evaporation : 

Ev  = ' K4v  . R . Ct  . CW  . Ch  . Cs  : Ce  . Cm  

in which, 

Ev  is the computed pan evaporation equivalent to class A pan evaporation. 

Ke, is a dimensionless empirically developed constant, the value of which is, 

given by Christiansen as 0.473. 

R is extraterrestrial radiation in the same evaporation units as E„ and Ct  , 

C.,, ,Ch, C, and Ce  are coefficients for temperature, wind velocity, relative 

humidity, percent of possible sunshine and elevation respectively. 
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Cm  is the monthly coefficient or factor by which all the basic formulae would 

have to be multiplied to obtain the measured evaporation and averaged to 

obtain the mean monthly values of Cm. 

The values of Cm mostly ranges between 0.90 to 1.10 and vary from latitude 

to latitude. 

Each coefficient is represented by an equation which may be either a linear, 

second degree or possibly a third or fourth degree equation, if such an equation 

provide a better fit for the data from which they were developed. The coefficients 

are dimensionless. 

The simplified, and non-dimensionless equations for different coefficients are 

given below: 

Ct  = 0.393 + 0.02796Tc  + 0.0001189T 2  

in which, Tc  is the mean monthly temperature in °C. 

Cw  = 0.708 + 0.00339W — 0.0000039W2  

in which, W is the wind speed in km/day at 0.6 m height. 

Ch„ = 1.25 — 0.87H„ + 0.75Hn2  — 0.85 H„4  

in which, H„ is the mean monthly relative humidity at noon expressed 

decimally 

or 	Chm  = 1.25 — .3.37Hm  — 0.60 HR,5  

in which, Hm  is the mean relative humidity for the month expressed 

decimally. 

The approximate relationship between the Hn  and Hm  is given by 

Hn  = 0.40 Hm  + 0.60Hm2  

Cs  = 0.542 + 0.80S — 0.78S2  + 0.62S3  

in which, S is the mean sunshine percentage expressed decimally. 

C,. = 0.970.+ 0.0000984 E 

in which, E is the elevation in metres. 

11 



For estimating evaporation, each coefficient may be once determined and 

tabulated for a full range of values. The values of R may also be tabulated for each 

month as a function of latitude. 

To obtain an estimate of the pan evaporation, for a given month, mean 

value of each factor are tabulated. From the tables, the values of coefficient are 

next determined. The computation is then simply. a matter of multiplying 

coefficients. 

(3) Lowry-Johnson Formula 

Lowry-Johnson has given a formula to determine consumptive use which is 

as follows 

Cu = 0.00015H +0.8 

where 

Cu = Consumptive use or'water requirements 

H = Accumulated degree days.  during the growing season computed.  from 

the maximum temperature above 32°F. 

The above formula is. used to estimate consumptive use for agriculture in 

valley with the aid, of linear relationship between effective heat and consumptive 

use.. Consumptive use in a valley or a drainage area involves water losses from 

non-agricultural areas also. 	 . 

Lowry-Johnson method requires the determination of an "equivalent, valley 

area" of an agricultural land in order to arrive at the annual consumptive use of the 

area in question. 

(4) Hargreaves Formula 

Hargreaves suggested a formula for the determination of evaporation Ep, 

from which evapotranspiration (ET) can be found out using the relation ET  = K.Ep , 

in which K is a crop factor or crop coefficient. 
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The formula suggested for evaporation EP in metric units is as follows 

EP = 17.4D.T,(1.0—H„) 

in which, 

Ep  = Class A pan evaporation in cms per month 

D = Monthly day time coefficient. 

Hn  = Monthly relative humidity at noon expressed in decimal form. 

TC  = Mean monthly temperature in °C. 

The above formula can be rewritten with modifications for the effect of 

wind, sunshine and elevation as 

Ep  .=. 17.4 D . T. FK. F. F. FE  

where , 

FH  = 0.59 — 0.55H„2  

Fw  = 0.75 + 0.255 Wkd 

or 	FW  = 0.75 + 0.125 JWkh  

FS  = 0.478 + 0.58S 

F E  = 0.95 + 0.0001E 

Wkd and Wa, are the mean wind velocities per day and per hour respectively 

in kilometres observed at 2 m height, S is the sunshine percentage expressed 

decimally and E is elevation in metres. 

(5) Blaney-Criddle Method 

This method is suggested for areas where available climatic data cover air 

temperature only. The recommended formula in this method gives reference crop 

evapotranspiration (ETO) from which crop evapotranspiration (E-rc) can be obtained 

using the relationship ETC = K x ETO, in which K is crop coefficient. 

The recommended relationships to determine reference crop 

evapotranspiration (ETO) is expressed as: 

ETO = c [p (0.46T + 8)] mm/day 

13 



where, 

ETO  = Reference crop evapotranspiration in mm/day for the month 

considered. 

T. = Mean daily temperature in' °C over the month considered. 

p = Mean daily percentage of total annual daytime hours. 

c = Adjustment factor which` depends upon minimum' relative humidity, 

sunshine hours and daytime wind estimates. 

Since, the empiricism involved in any ET prediction method using a single 

weather- factor' is invariably high, this method should only be used when 

temperature data are then only measured weather data available. 

(6) Radiation Method 

The radiation method is essentially, an adaption of the Makkink formula. 

This method is suggested for the areas where available climatic- data include 

measured air temperature and sunshine, coudiness or radiation,' but not measured 

wind and humidity. Knowledge of general levels of humidity and wind is required 

and these are to be estimated using published weather descriptions, extrapolation 

from nearby areas or from local sources. 

The relationship. recommended is expressed as: 

ETO  = c (W x Rs) mm/day 

where, 

ETO  = Reference crop evapotranspiration in mm/day for the periods 

considered. 

Rs  = Solar radiation in equivalent evaporation in mm/day. 

W = Weighing factor which depends on temperature and altitude. 

C = Adjustment factor which depends on mean humidity and daytime 

wind. 
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Rs  can be measured directly but is frequently not available for the area of 

investigation. In this case, Rs  can be obtained from measured sunshine duration 

records as follows : 

R5  = (0.25 + 0.50 n/N) Ra  

where,. n/N is the ratio between actual measured bright sunshine hours and 

maximum possible sunshine hours. Data for n should be available locally. Both n 

and N are expressed in mean daily, values, in hours. Values of Ra  in mm/day for 

different months and latitudes may be obtained from the Table No. 2 given in the 

FAO publication No. 24 (1992 publication) at page no. 12. 

Calculations should preferably be made for each month or period of each 

year of record rather than using mean radiation and mean temperature data based 

on several years of record. 

A value of ETO  can then be obtained to ensure that water requirements will 

be met with a reasonable degree of certainty. 

(7) Penman Method 

For areas where measured data on temperature, humidity, wind and 

sunshine duration or radiation are available, adoption of the Penman method is'. 

suggested. Compared to the other methods, this method provide the most 

satisfactory result. 

The original Panman equation predicted evaporation losses from an open 

water surface. Later on modified Panman method was suggested-  to determine ETo  

involving revised wind function term. Therefore this method is also  called as 

"Modified Panman Method" for determination of ETo, i.e., reference crop 

evapotranspiration. Using this ETO, the crop evapotranspiration ETC can be obtained 

using the relationship"ETC  = K.ETo, where K is the crop coefficient. 

The recommended relationship in the Modified Panman Method can' be 

expressed as : 
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ETO  = C [W.R, + (1-W).f(u)•(ee'— ed)]-  

Radaton . Aerodynamic 
term 	 term 

where, 

ETO  = Reference crop evapotranspiration in mm/day 

W. = Temperature related weighing factor 

R„ = Net radiation in equivalent evaporation in mm/day 

f(u) = Wind related function 

(ea=ed) = Difference between the saturation vapour pressure at mean air 

temperature and the mean.  actual vapour pressure of the air, both 

in mbar. 

C = Adjustment factor to compensate for the effect of day and night 

weather conditions. 

The relationship expressed above consists of two terms namely radiation 

term and, aerodynamic term. The relative importance of each term varies with 

climatic 'conditions. The radiation term depends upon mean temperature and 

altitude while aerodynamic term Is related with wind and humidity. 

The modified Panman method would offer the best results among all the 

methods mentioned above with minimum possible error of plus or minus 10% in 

summer and upto 20 percent ,under low evaporative conditions. 

2.3 FACTORS AFFECTING THE CROP WATER REQUIREMENTS 

Many factors operate singly or in combination in influencing the amount of 

crop water required for the crop growth. These effects may differ with locality and 

fluctuate from time to time. The, important factors which influence water 

requirements 'of crops are climate, water supply, plant growth, ?rate of percolation 

in the soil and method of irrigation system adopted, type of crop grown and the 

type of soil. 
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2.3.1 Climatic Factors 

(i) Precipitation 

The amount and rate of precipitation has an effect on the amount of crop 

water consumptively used during any season. Sometimes precipitation may come 

in frequent light showers. Such showers may add little or nothing to the soil 

moisture for use by the plants through transpiration but do decrease the 

withdrawal from stored moisture. The precipitation may be largely lost by 

evaporation directly from the surface of the plant foliage and from the land 

surface. Some of the precipitation from heavy storms may be lost by surface 

runoff, deep percolation or both. Other storms may be of such intensity and 

amount that a large percentage of precipitation will enter the soil and become 

available for plant transpiration. Such a condition materially reduces the amount of 

crop water needed. 

(ii) Temperature 

The rate of consumptive use of water by crops in any particular locality is 

probably affected more by.: temperature, which for a long time period is a . good 

measure of solar radiation, then by any other factor. Abnormally row temperature 

may retard plant growth and unusually high temperature may produce dormancy. 

Consumptive use may vary even in years of similar temperatures because of 

derivations from the normal seasonal distribution. 

(iii) Humidity 

Evaporation and transpiration are accelerated on the days of low humidity 

and slowed down during periods of high humidity. If the average relative humidity 

percentage is low during the growing season, greater use of water by vegetation 

may be expected. 
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(iv) Wind Movement 

Evaporation of water from land and plant surface takes place more rapidly 

when there is moving air than under calm air conditions. Hot dry winds and other 

unusual wind conditions during the growing season will affect the amount of water 

consumptively used. However, there is a limit in the amount of water that can be 

utilised. As soon as the land surface is dry, evaporation practically stops and 

transpiration is limited by the ability of plants to extract and convey the soil 

moisture through the plants. 

(v) Advection 

Crops grown in irrigation areas' surrounded by large areas of and or semi-

arid climate can _receive additional energy for evaporation of water by advection. A 

high, percentage of net solar radiation received in arid areas is used in heating the 

atmosphere. As this warm air mass moves over irrigated areas that are generally 

cooler,. energy contained in the air is as sensible heat which can. be used to 

evaporate water by vertical turbulent transfer. Thus an 'basis" effect is created. 

This evaporation of water •by vertical turbulent transfer may cause a 

considerable increase in normal consumptive use in and areas. It is not to be of 

significance in humid areas. 

(vi) Latitude and Sunlight 

Because of the earth's movement and axial inclination the hours of daylight 

during the summer are much greater in higher altitudes than at the equator. Since 

the 'sun is the source of all energy used in crop growth and_ evaporation of water, 

the longer day may allow plant transpiration to continue for a longer period in the 

day and to produce an effect similar to that of lengthening the growing period. 

Clouds or dust in the atmosphere can reduce the amount of sunlight (solar 

energy) that reaches the plant. Elevation may also affect the amount of energy 

received, since at higher . elevations - there is less absorption of energy by the 

atmosphere. 	i 



(vii) Plant Growth Stages and Growing Season 

The growing season has a major effect on the seasonal use of water by 

plants, actual dates of planting and crop maturity are important in determining 

crop water requirements. 

Other factors being equal, the stage of a crop's growth has a very 

considerable influence on its consumptive use rate. This is aprticularly true- for 

annual crops which have generally four distinct stages of growth. 
t 

(a) Germination, stage (Initial stage) 

(b) Crop development stage 

(c) Vegitation stage (mid season stage)  

(d) Crop maturing stage (late season stage). 

Thus according to growth stages the crop water requirement varies. At the 

initial stage it is low and as the stage 'advances the requirement. increases and it is 

highest at vegetative stage and then it reduces when the crop is at maturity stage. 

(viii) Types of Crop Grown 

The crop water requirements depends upon the types of crop grown. 

Individual crops will have different water requirements. 

(ix) Irrigation System 

Depending upon the irrigation system adopted, the water application 

efficiency will also differ and as such the total water requirement will also depend 

upon irrigation system adopted. 

(x) Percolation and Runoff Losses 

Soil conditions particularly permeability have important influence on water 

requirements, in as much as they affect losses and wastage. Highly permeable soils 

such as some sandy types.are difficult to irrigate without losses by percolation. 

Impermeable soils such as heavy clay types are difficult to irrigate without, 

the waste by surface runoff. 
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2.4 CROPPING SYSTEMS 

Cropping system is a sequence of crops grown on a given piece of land over 

a period of time. It varies from region to region at macrolevel and from farmer to 

farmer at microlevel, and governed by complexities of socio-economic and 

ecoedaphic ' factors.. Approximations, however, are possible to identify major 

cropping systems in a region or zone through available area estimates. 

2.4.1 Important Cropping Systems. 

On the basis of district-wise area under different crops during Kharif (rainy) 

and Rabi (winter) seasons, crops occupying largest area in respective seasons for 

each district were identified. The most prevalent cropping systems in the country 

are 30. These could be categorised as rice-based, cotton-based, pearl millate-

based, sugarcane-based, groundnut-based, sorghum-based, and soybean-based. 

The cropping systems, their area and contribution to national food grains 

production for few are listed below: 

Cropping System 
Area 

(Million Ha) 

Contribution 

(%) 

Rice-wheat 9.77 25.0 

Rice-rice 2.12 5.0 

Cotton-wheat 1.39 2.36 

Pearl millet-sorghum 1.35 1.68 

Maize-wheat 1.29 2.25 

Pearl millet-wheat 1.03 1.72 

Sorghum-sorghum 0.74 1.65 

Rice-gram 0.59 0.80 

Sugarcane-wheat 0.54 0.86 

Maize-gram 0.54 0.65 
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2.4.2 Objectives of Cropping System 

The main objectives for the selection of a cropping system may be 

(i) 	To improve the quality and yield of crops 

(ii) 	To introduce diversity of crops to supply raw materials to several 

industries such as (a) sugar industries, (b) textile industry, (c) milk 

schemes, etc., without affecting balance of food crops in the area. 

(iii) 	Economic utilisation of irrigation supplies thus controlling the 

contribution, of seepage water to the subsoil as a preventive 

measure. 

(iv) 	To suit the soil, irrigation water and the climatic conditions of the 

area with optimum benefits from agriculture.. 

2.4.3 Factors Affecting Cropping System 

The various factors which may affect the cropping systems in the project 

area are : 

(i) Availability of land for sowing the crop. 

(ii) Rainfall in the, area and its distribution. 

,(iii) 	Whether the scheme is productive or protective. 	i 

(iv) 	Suitability of the soils and the irrigation water for growing particular 

• type of crops. 

(v) 	Natural drainage of the area. 

(vi) 	Cropping adopted under existing rainfed cultivation and under well 

irrigation. 

(vii) Size of holding and family members. 

(viii) Subsoil water table. 

(ix) 	Dietic habits of the people. 

(x) 	The demand of industrial establishment for the particular raw 

material. 
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In case of major irrigation projects the advise of leading agricultural experts 

is to be sought in . deciding the cropping systems in the project area taking into 

consideration of the. dependable water resources, the climatic factors of the area 

and the policyof the state whether to protect the rain fed crops from failure of 

rains or to achieve maximum efficiency in irriculture from the available water in the 

project. 

In this study, the reference project taken up is Kolar project, Distt. Sehore 

of ,M.P., which is also a major project. So the cropping systems adopted in the 

project are as suggested by the Agriculture Department of M.P. 

2.5 PROJECT PLANNING 

In the planning. of an irrigation project, the production objectives  must be 

related to the physical resource base, particularly climate, soil and water supply in 

order to ensure that production proposed and yields predicted can be achieved and 

maintained. Also, several technical, economic and organisational factors must be 

considered to arrive at a technically sound, managerially workable, economically 

and financially viable project which is at the same time in accordance with the 

development and production objectives. 

An important element in the evaluation of crop production under irrigation 

is the available and required water supply over time and- acreage. When available 

water supply is adequate and fully meets crop water requirements, the production 

is maximum and the required supply depends upon the crop selected, the length of 

growing season and the irrigated acreage. When available water supply is limited, 

production is determined by the extent to which full water requirements can be 

met by the available water supply over the total growing season. 

The cropping systems of the project (e.g. crops, 	crop 	intensity, crop 

rotation) and the efficiency with which production resources can be used are 

essential input considerations in the overall project planning. Selection of cropping 
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systems must be carefully consider the climate, soil and water requirements of 

crops. The length of the growing season and the climatic conditions within the 

growing season dictate the type of crops and the cropping systems that can be 

considered. These must also match the available soil and water resources. 

Planning of an irrigation project is a very complex one that too 'the 

estimation of project irrigation water requirements. Since it involves the collection 

and computation of data on the cropping system adopted, the growing periods of 

the crops, the 'evapotranspiration requirements of the crops, the precipitation, 

special needs of the crop, water application losses, etc. 

All these factors varies from region to region and thus every project is a 

separate entity. 
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Chapter 3 

DESCRIPTION OF PROJECT 

3.1 GENERAL 

Kolar .project is an irrigation cum water supply project for providing 

irrigation to 45087 Ha of land in Budhni and Nasarullaganj Tehsils of Sehore district 

of Madhya Pradesh and water supply to the tune of 34 million gallons per day to 

Bhopal town. The project area Is situated In the Sehore district of MP. The dam is 

constructed on Kolar river a tributory of Narmada river and it is about 1 km from 

the village Lawakhedi. 

The dam site is approachable by road" and it is about 32 km from 'Bhopal. 

The command area of Kolar project lies between '22°36' and 22°53' latitude and 

77°17' and 77°33' longitude. 

The project comprises of construction of an earthen dam on the Kolar. river. 

The total length of dam is -1340.50 m with a maximum height of 49.50 m. A 

masonry gated spillway of length 141 m having a maximum height of 14.70 m upto 

crest-  level is provided on the right flank to pass the designed peak flood of 8605 

cumecs. The gated.  structure of spillway would comprise of 8 radial .gates of size 15 

mx8m. 

The reservoir has a gross storage capacity of 270 M Cum and live storage 

capacity of 265 M Cum. Canal system of this project takes off from a barrage 30 

km down stream of the ,dam. The total length of barrage is 1195 m with a 

maximum height of .15.5 m. 

Two canal systems, one on the right bank and other on left* bank of the 

barrage.are constructed to cover a total area of 45087 Ha. Right bank canal covers 

18515 ha and! left bank canal covers an area of 26572 ha of the command. The 

command area is predominantly Rabi and principal Rabi crop is wheat. Kharif is 
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also sown but with inferior crops like jowar, soybean, etc. Intensity of irrigation is 

adopted as 135%. 

The right bank canal and left bank canal are designed to carry a discharge 

of 16.40 Cumecs and 18.60 Cumecs respectively and both are lined canals. 

The other important salient features of the Kolar project are as follows: 

Location : 

(i)  State Madhya Pradesh., 

(ii)  District Sehore 

(iii)  Latitude 22°58'N 

(iv)  Longitude 77°21' E 

(v)  River Kolar 

(vi)  Location Dam site is about 1 km from Lawakhedi village. 

An index map of the Kolar project is shown at Fig. 1. Px8e- No. 26 . 

Hydrology 

(i) 	Catchment area 

Upto dam site 

Between dam and barrage 

.(ii) 	Maximum rainfall 

(iii) Minimum rainfall  

(iv) Average annual rainfall 

508 sq. km 

251.23 sq. km 

2164 mm 

495 mm .. 

1230.50 mm 

Reservoir Data 

(i) Top bank level (TBL) 	 465.50 m 

(ii) Maximum water level (MWL) 	463.30 m 

(iii) Full reservoir level (FRL) 	 462.20 m 

(iv) Minimum draw down level (MDDL) : 	432.93 m 

(v) Water spread at FRL 	 2503 Ha 
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(vi)  Gross storage at FRL 270 MCum 

(vii)  Live storage 265 M Cum 

(viii)  Dead storage 5 M Cum 

Dam Details 

(i)  Total length of dam 1340.50 m 

(ii)  Length of overflow portion 141 m 

(iii)  Length of earthen dam 1199.50 m 

(iv)  Length of spillway 141 m 

(v). Maximum height of spillway Upto crest: 14.70 m 

(vi)  Crest level 453.70 m 

(vii)  Number and size of spillway gates : 8 No. (15 m x 8 'm) 

(viii)  Designed discharge of spillway 6450 Cumecs 

(ix)  Sluice gate number and size  2 No. (2.25 m x 2.25 m) 

(x)  Designed discharge through sluice gates: 35 Cumecs 

Barrage Details 

(l) 	Location : 	30 km downstream of the main dam near village 

]holiyapur, Tehsil Budhni Distt. Sehore. 

(ii) Total length of barrage 	 1195 m 

(iii) Length of masonry portion 	157 m 

(iv) Length of earthen portion 	. 1038 m 

(v) Height of barrage 	 15.5 m 

(vi) Number and size of gates provided: 	9 No., 15 m x 90 m 

(vii) Designed discharge of barrage 	8314 Cumecs 

Canal Systems 

Left bank canal 
	

Right bank canal 

(i) Type 
	

Lined 	 • Lined 

(ii) Bottom width. 	2.70 m 
	

2.52 m 
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(iii) 	Full supply depth 	2.25 m 

(iv)  Side slopes 1:1.5 

(v)  Bed gradient 1:2050 

(vi)  Discharge 18.60 Cumecs 

(vii)  Length 29.50 km 

(viii)  Area of irrigation 26572 ha 

2.10 m 

1:1.5 

1:1900 

16.40 Cumecs 

24.72 km 

18515 ha 

3.2 CROPPING PATTERN OF KOLAR PROJECT 

At the initial stage of planning of the Kolar project, the cropping pattern is 

adopted as suggested by Agriculture Department of Madhya Pradesh. Using this 

suggested cropping pattern, the crop water requirements were computed and the 

capacity of canal systems and storage capacity of the reservoir are fixed. 

The cropping pattern consists of Kharif as well as Rabi.  irrigation. The 

suggested cropping pattern is described below. 

Duration Area of 
S. No. Crop Date of Planting (Days) Irrigation 

(Ha)  
KHARIF  

1 Soyabean — 1KH 15th  — 30th  June 105 4509 

2 Soyabean — 2KH .1st  — 15th  July 105 6763 

3 Jowar — 1KH 15th  — 30th  June 105 4509 

4 Jowar — 2KH 1st  — 15th July 105 4509 

5 Cotton — 2KH 15th  — 30th  June 180 2254 

Total Kharif 22544: 

RABI 

1 Wheat — OMV 16' - 30th  Oct 135 11272 

2 Wheat — 1MV 1st — 15th  Nov 135 5410 

3 Wheat — 2MV 16th  — 30th  Nov 135 11271 

4 Gram — S2RA 16" — 31s' Oct . 120 9017 

5 Potato/Vegetables 1st  — 15th Nov 105 451 

6 Berseern 1st  — 15th Nov 165 902 

Total Rabi 38324 

Grand Total (Kharif + Rabi) 
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The total area of Kharif and Rabi crops is 60868 Ha which is 135% of the 

net CCA 45087 Ha. Thus the cropping intensity adopted at planning stage is 135%. 

The crop water requirement is computed using aforesaid cropping pattern 

for 20 years (1960.to 1980) and monthly average water requirement is calculated. 

The total of the monthly average water requirement gives the quantum of water 

needed to be stored. The maximum water requirement In a particular month is the 

base for the design of the capacities of canal system. 

The monthly average water requirement for the entire command area, i.e., 

45087 Ha as computed at the initial planning stage is tabulated below : 

Months Jun Jul Aug Sept Oct Nov Dec Jan Feb Mar Apr May 

Water 

require- 
9.21 14.59 0.739 16.14 29.98 49.50 50.31 47.76 33.61 8.77 - 

ment In 

MCum 

The total water requirement (June to March) comes out . as 260.60 M Cum. 

So the live capacity of the reservoir is kept as 265 M -Cum, where additional 5 M 

Cum are kept for losses due to evaporation and transmission between reservoir 

and the barrage as they are about 30 km apart. 

The maximum water requirement comes to 57.55 M Cum in the month of 

November 1960 which corresponds to an outlet factor as 0.77 litres/sec/ha. 

As the Kolar project was World Bank aided, . so as per the guidelines 

suggested by the Wold Bank the canals were designed to carry their capacity on 

the basis of an outlet factor as 0.7 litres/sec/ha or, 1428.57 ha/cumecs. 

Thus an outlet factor of 1428.57 Ha/cumecs is adopted in the design of left 

bank canal and right bank canal which ultimately yields their discharging capacities 

as 18.60 cumecs and 16.40 cumecs respectively, 
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Chapter 4 

METHODOLOGY 

4.1 GENERAL 

The basic idea of this"study is to observe the variation that occurs in the 

crop water requirements due to changes- in climatic conditions if any which takes 

place in the command area of the project. The initial planning of any irrigation 

project begins with the computations of crop water requirements and this is 

computed on the basis of previous climatological data available at the planning 

stage. On thq basis of these crop water requirements, the net irrigation 

requirements and gross irrigation requirements considering certain project 

efficiency are found out. 

Thus the computed gross water requirements are useful to fix the 

discharging capacities of the canal system and the storage capacities of the 

reservoirs in the cases of storage irrigation projects. 

As the crop water requirements are closely related with the climatic 

conditions. So, any change observed in the climate will directly affect the crop 

water requirements and -ultimately the discharging capacity of the canal system 

and the area to be - irrigated. Considering this concept, an attempt is made to 

collect the climatological data of 16 years (1984 to 1999) of the Hoshangabad 

station, which is the nearest IMD station to the command area of the Kolar project, 

and this data is processed to compute the crop water requirements. 

Thus the . computed crop water requirements will ultimately help to 

determine the gross irrigation requirements and to finalise the carrying capacity of 

the canal system. 

The methodology adopted to achieve the aforesaid goal consisting of the 

following steps : 
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(i) Collection of climatological data ' like maximum  temperature, 

minimum temperature, RH maximum, RH minimum, cloud cover, 

wind speed, monthly rainfall etc. for the Hoshangabad station from 

the Indian Meteorological Department of India. 

(ii) Computations of reference crop evapotranspiration (ETO) by modified 

Panman method. 

(iii) Selection of crop coefficients for the various crops suggested under a 

cropping system. 

(iv) Computation of consumptive use and gross consumptive use. 

(v) Computations of net irrigation requirement. 

(vi) Computations of gross irrigation requirement. 

(vii) Monthly estimated crop water requirements and total water 

requirement for the entire command. 

(viii) Computation of outlet factor, i.e., area irrigated per unit volume of 

water and to fix canal carrying capacities. 

Each step is described in details as below. 

4.1.1 Collection of Climatological Data 

The command area of Kolar project lies between 22°36' and 22°53' latitude, 

and 77°17' and 77°33' longitude. There is no climate observatory in the command 

area. The nearest climatological observatory is at Hoshangabad having a.latitude of 

22°46' and longitude of 77°46'E. This observatory is maintained by Indian 

Meterological Department, Govt. of India. The monthwise climatological data from 

1984 to 1999 related with max. temperature, min. temperature, max. relative 

humidity (RH), min. relative humidity (RHm,,,), monthly rainfall, cloud cover, wind 

speed, etc. for the Hoshangabtd station are collected from their regional office at 

Nagpur. 

These.monthwise climatological data are.at Annexure No. 1. Pone ►'to. 8i+ -qs. 
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4.1.2 Computation of Reference Crop Evapotranspiration (ETO) by 

Modified Panman Method 

As already mentioned in the Chapter II of this study that for the areas 

where measured,. data on temperature, humidity, wind and sunshine duration or 

radiations, are available the modified Panman method is accepted to give the 

satisfactory result. This method would offer minimum possible error of ± 10% in 

summer and upto 20% under low evaporative.  conditions. 

Due to this reason, the Modified -Panman method is adopted in this study. 

The relationship recommended in the Modified Panman method is given by 

ETo = c [W.Rf  + (1-W), . f(u) . (ea  —'ed) ] 

where, 

ETO = Reference crop evapotranspiration in mm/day 

W = Temperature-related weighing factor 

f(u) = Wind related function 

(ea  — ed) = Difference between the saturation vapour pressure at mean air 

temperature and the mean actual vapour pressure of the air, 

both in m bar. 

.c = Adjustment factor to compensate for the effect of day and night 

weather conditions. 

4.1.2.1 Description of Variables 

(a) Vapour Pressure (ea  -- ed) 

Air humidity affects ETO. Humidity is expressed as saturation vapour 

pressure deficit (ea  — ed),..i.e., the difference between the mean saturation water 

vapour pressure (ea) and the mean actual water vapour pressure (ed): 

Air humidity data are reported as relative humidity (RHmax and RHmin in 

percentage) and its time of measurement is important. In our case, the relative 

humidity measured at 8.30. is considered as `RHmax' while the same measured at 
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17.30 hrs • is considered as 'RHmin'. These timings ' of measurements of relative 

humidity are being followed by the IMD at their observatory stations all over the 

country. . 

(b) Wind Function f(u) 

The effect of wind on ETO  has been studied for different climates resulting in 

a wind function [f(u)] given by an expression as 

f(u) = 0.27(1 + U/100) 

where U is 24 hr wind run in km/day at 2m height. 

Where wind data is not collected at 2 m height then appropriate corrections 

to be applied to the expression :given for f(u) as above. But in our case the wind 

data is measured at 2 m height so no correction factor is needed to apply. 

(c) Weighting Factor (1-W) 

(1-W) is a weighting factor for the effect of wind and humidity on ETO. 

Values and (1-W) as related to mean temperature and altitude are available in the 

ready reckoner table given in FAO-24. 

(d) Weighting Factor (W) 

W is the weighting factor for the effect of radiation on ETO. Values of W as 

related to mean temperature and altitudes are available in the ready reckoner table 

given in FAO-24. 

(e) Net Radiation (Rn) 

Net radiation (Rn) -is the difference between all incoming and outgoing 

radiation. - It can be measured, but such data are seldom available. Rn can be. 

calculated from solar radiation or ; sunshine hours (or degree' or cloud cover), 

temperature and'humidity'data. 

Following relationships are recommended and may be used in the . 

determination of net radiation (Rn). 
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Rn = Rns — Rn, 

Rns . = 0.75 Rs  

R, = (0.25 + 0.5 n/N)Ra 

and 	Rn1 = f(T) x f(ed) x f(n/N) 

where, 

Rn5  is net shortwave radiation 

RS  is solar radiation 

Ra  is extra terrestrial radiation in mm/day and dependent on latitude and 

time of the year only. 

n/N is the, ratio of actual (n) to maximum possible (N) sunshine hours 

R,, is net longwave radiation and can . be determined from available 

temperature (T), vapour pressure (ed) and ratio n/N. 

f(T), f(ed) and f(n/N) are the functions of temperature, vapour pressure and 

ratio n/N and can be determined. from the tables available. 

(f) Adjustment Factor (c) 

The Penman equation given assumes the most common conditions where 

radiation is medium to high,. maximum , relative humidity is medium to high and 

moderate daytime wind about double the night time wind. However, these 

conditions are not always met. 

Therefore-  correction to Panman equation is required. This correction is 

made by applying adjustment factor (c) to the Panman equation. 

A table is available showing values of c for different conditions of RHmax, Rs, 

Uday and Uday/Unlght- 

4.1.2.2 Procedure of Computation and Sample Calculation 

The . procedure laid down in "Guidelines for predicting crop water 

requirements — FAO-24, publication 1992" for the modified Panman method to 

compute evapotranspiration (ETO) is followed in this study. The tables given in the 
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aforesaid guidelines are used in the calculations. 

A sample calculation is illustrated below for the month Nov. 1984. 

The climatic data of Nov. 1984 is shown at Annexure No. 1, Page No. 9.4. 

and this data is Used to calculate Em. 

Steps of Calculations 

(1) Maximum air temperature in °C = 27.5 (from climatic data) 

(2) Minimum air temperature in °C = 14.7 (from climaticdata) 

(3) Mean air temperature in °C = (27.5 +14.7)/2 = 21.1 (calculated) 

(4) Saturation vapour pressure (ea) in mbar corresponding 

to mean temperature of 21.1°C = 25.05 (from Table No. 5) 

(5) Maximum relative humidity (RHmax%) = 60 (from climatic data) 

(6) Minimum relative humidity (RHmin%) = 46 (from climatic data) 

(7) Mean relative humidity (RHmean%) = (60+46)/2 = 53 (calculated) 

(8) Actual vapour pressure (ed) = (e, x RHmean)/100 

_ (25.05x53)/100 = 13.27 (calculated.) 

(9) Vapour pressure deficit (ea-ed) = 25.05-13.27 = 11.78 (calculated) 

(10) Weighing factor W corresponding to mean temperature 21.1°C 

and altitude 302 m = 0.707 (from Table No. 9) 

(11) .1 — W = 1— 0.707 = 0.293 (calculated) 

(12) Cloud cover in oktas = 2.2 (from climatic data) 	. 

(13) Ratio n/N corresponding to cloud cover 2.2 = 0.73 (from Table No. 7-A) 

(14). Extra terrestrial radiation (Ra) corresponding to latitude 22°46' N and month 

November in northern hemisphere = 10.948 (From Table.No. 10) 

(15) Short wave radiation Rs  = (0.25 + 0.5 n/N) Ra  = 6.733 (calculated) . 

(16) Rns  = 0.75R5 = 0.75 x6.733 =5.049 (calculated)  

(17) Function of temperature f(T) corresponding to mean 

temperature 21.1°C = 14.82 (from Table No. 13) 
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(18) Function of vapour pressure f(ed) corresponding to 

ed = 13.27 = 0.183 (from Table No. 14) 

(19) Function of sunshine duration f(n/N) corresponding 

to n/N = 0.073 	= 0.76 (from table no. 15) . 

(20) Net -longwave radiation Rn, = f(T) x f(ed) x f(n/N) = 2.061 (calculated) 

(21) Net radiation Rn  = Res  — R,,, = 2.988 (calculated) 

(22) Average wind speed in km/day (u) = 69.6 (climatic data) 

(23) Average wind speed In m/sec = 0.80 (calculated) 

(24) Wind function f(u) = 0.27 (1 + u/100) = 0.45 (calculated) 

(25) Adjustment factor 'C' corresponding to ,RHmax = 60%, RS  = 6.733, 

Uday = 0.80 and Uday/Unight = 1 	= 0.965 (from Table No. 16) 

(26) W x R (mm/day) = 2.112 (calculated) 

(27) (1 — W) x f(u) x (ea  — ed) -= 1.553 (calculated) 

(28) ETO  = C [ W x Rn  + (1=W) x f(u) x (ea-ed)] in mm/day = 3.53 (calculated) 

(29) - Monthly ETO  (mm/month) = 105.9 (calculated) 

Thus, monthly ETO  Is calculated for each month, of the year from 1984 to 1999. 

The yearwise E,-0  calculated are at Table No. 1, Page No. 46-61. 

An abstract titled "Computed yearly reference crop evapotranspiration (ET0) 

by Modified Panman method" is also prepared which is at Table No. 2, Page 

No. 62. 

Monthly average ETO  and daily ETO  are derived from the aforesaid monthly 

average Ejo, which are shown in Table No. 2, Page No 62. 

These computed daily ETO  values for different 'months are then used to 

compute the crop evapotranspiration (ET«op) which will be described in the coming 

paras. 
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4.1.3 Selection of Crop Coefficients for Various Crops Suggested Under 

a Cropping System 

The crop coefficient Kc  establishes the relationship between. crop 

evapotranspiration (ELrop) and the reference crop evapotranspiration (ETO). Thus 

knowing crop coefficient K and ETC  one can calculate the crop evapotranspiration 

(ETcrop) which is nothingbut the water requirement of the crop. 

Mathematically, the relationship between ETcrop, ETO  and Kc  is given .by 

ETcrop = K. X ETO 

The values of Kc varies with the development stages of the crop. Usually 

four stages occur till the :full development of any crop. These are 

(i) Initial stage 

(ii) Crop development stage 

NO Mid-season stage, and 

(iv) . Late-season stage. 

The value of K varies with the development stages of crop. 

Under this study, the values of KC  for the different crops adopted in the 

cropping pattern are taken from FAO paper no. 33 on the "Yield response to water" 

published by Food and Agriculture organisation of the united Nations — Rome 1979. 

The Kc  values for different crops adopted in this study are tabulated below. 

S•  

Values of Kc  

Initial Crop Mid. . 	Late 
No. stage development season season 

stage stage stage 
1 Soybean 0.40 0.80 	. 1.15 - 	0.80 

2 Jowar (sorghum) 	. 0.40 0.75 1.15 0.80 

3 	: Cotton 0.40 . 	0.70 , 1.05 0.80 

4 Wheat 0.30 0.70 .: 	1.05 .0.65 

5 Gram 0.26 0.94 1.00 0.55 

6 Potato/vegetables 0.40 0.70 1.05 0.85 

7 Berseem 0.38 1.01 1.10 1.05 
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4.1.4 Computation of Consumptive Use and. Gross Consumptive Use, 

(4.1.5) Computation of net irrigation Requirement, and 

(4.1.6) Computation of gross irrigation Requirement 

All the aforesaid computations mentioned 'at 4.1.4,. 4.1.5 and 4.1.6 are 

carried out on a single sheet for each crop. Thus there are 11 sheets prepared for 

crops namely , soybean-IKH, soybean-2KH, jowar-iKH, jowar-2KH, cotton-2KH, 

wheat-OMV, wheat-1MV, wheat-2MV, gram-S2RA, potato/vegetables and berseem. 

These cpmputation sheets titled "Estimation of crop water requirement" are 

at Table No. 3, Page No. 63-73. 

The duration of each crop is divided into growth stages and the number of 

days in each stage are distributed" into successive months starting from the sowing 

month. 

For example : Crop-soybean-1KH has its duration as 105 days, growth 

stages (days) — 20/30/30/25 and sowing time 16th  —.30th  June. Then its duration is 

divided as follows: 

June 	July 	 August 	September 

16th  — 30th 	1st _ 5th 	6th — 31st 	1st"— 4th 	5th — 31st 	1st — 3rd 	4th  — 28th  
15 days 	5 days 	26 days 	4 days 	27 days 	3 days 	25 days 

Growth stage 20 days 	30 days 	 30 days 	 25 days 
(days) 

The computation sheet at Page No. 63. shows this" type of distribution of 

the duration of crop soybean-1KH. The distribution is necessary because the crop 

coefficient (Kr ) varies with the growth stage. 

Such type of distribution of duration according to growth stages is carried 

out for each crop and shown at the respective sheet for that crop (Page No. 

63-73). 



Step by step computations carried out in these sheets are explained below: 

The computation sheet of crop soybean-1KH at Page No. 63 is taken as 

example sheet for the explanation of each step. 	 - 

Step at S. No. 1: 

ETO  (mm) = Daily ETO  x No. of days 

Here, daily ETO  refers to daily ETO  (mm/day) for particular month obtained 

from the abstract sheet at Page No. 62, and 

No. of days are taken according to growth stage as explained just above in 

the distribution of duration of crop. 

e.g.. ETO  = 6.76 x 15 -= 101.40 mm in the month of June. 

Here, 6.76 is the daily ETO  for the month of June, and 

15 is the no. of days according to. growth stage. 

Step at S. No. 2: 

K, = Crop factor, adopted according to growth stage as mentioned at 

4.1.3 selection of crop coefficient at Page No. 37. 

e.g. Kc  = 0.4 in the month of June according to initial stage of growth. 

Step at S. No. 3: 

Consumptive use (E-rc) = ETa  x Kc  

e.g., ETC = 101.4 x 0.4 = 40.56 in the month of June. 

Step at S. No.- 4: 

Presowing : Water required for softening the soil and preparing the- fields by 

ploughing is termed as presowing. Usually for Kharif crops it is adopted as 75 mm 

and for Rabi crops it is adopted as 60 mm. In this study the same values are 

adopted. This amount of water is applied before sowing. 

In the example sheet of soybean-1KH presowing is taken as 75 mm as it is. 

a Kharif crop. 
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Step at S. No. 5:. 	 . . 

Soil Moisture Adjustment : Soil moisture may be available if all the water 

received from rainfall or previous irrigation is not used by plants and not fully lost 

in deep percolation. This soil moisture is equal to t! a consumptive use (ETC ) during 

the last one or two fortnights before harvest. 

The irrigation is cut-off or discontinued during this 'period. So soil moisture 

adjustment. is deductible from the gross consumptive use. 

In the example sheet of soybean-1KH, the soil moisture adjustment comes 

as 53.86 mm in the month of Sept. which is equal to the consumptive use of 

irrigation cut off days before harvest of 15 days and it Is a negative figure. 

The soil moisture adjustment for other crops in this study are computed 

using following irrigation cut off days before harvest and consumptive use for 

these irrigation cut days. 

S. No. Crop 
Irrigation cut off days 

before harvest 

1 Soyabean-1KH: 15 

2 	. Soyabean-2KH 15 

3 Jowar-1KH 15 

4 Jowar-2KH 15 

5 Cotton-2KH 	. 30 

6 Wheat — OMV 30 

7 Wheat — 1MV 30 

8 Wheat —•2 MV _. . 	30 

9 Gram — S2RA 40 

10 Potato/vegetables 25 

11 	. Berseem 15 

The above crop wise irrigation cut off days before . harvest are taken from 

Annexure no. 1 of the "Design series technical circular no. 25 on Estimation of crop 

water requirement and irrigation requirement" published by Madhya Pradesh 

irrigation Department (1990), 



Step at S. No. 6 : 

Gross Consumptive Use : This is equal to algebraic sum of step at S. No. 3, 4 

and s. 	 i 

e.g., 	40.56 	+ 75 + 	0 = 115.56 
At  At  -At  At 

	

S. No. 3 	S. No. 4 	S. No. 5 	S. No..6 

Step at S. No. 7 : 	 V 

Rainfall : This is the monthly rainfall occurred. It is observed from the 

climatological data collected. In this study, it is taken as the average of years. 1984 

to 1999 monthwise. 

For the example sheet of soybean-1KH, the rainfall value for the june month 

is 92.9 mm, adopted from the climatological data for the June month at page no.8' 

Step at S. No. 8: 

Effective Rainfall o The fraction of rainfall, which is effective and usefully 

available for the plant use is termed as effective rainfall and is smaller than the 

measured amount of rainfall in the area. 	V 

FAO, Irrigation and drainage paper no: 25 (1975) provided a table to 

compute the effective rainfall using the mean monthly rainfall and mean monthly 

consumptive use data. This table is used to . compute the effective -rainfall by 

interpolation technique under this study. 

For the example sheet of soyabean-1KH, the mean monthly rainfall of 92.9 

mm of June and mean consumptive use of 40.65 mm of June yields the effective 

rainfall as 40.65 mm by interpolation and mentioned'in the aforesaid sheet. 

Step at Sheet No. 9: 	~. 

Net Irrigation Requirement : This is equal to gross consumptive use minus 

effective rainfall, i.e., S. No. 6 — S. No. 8. 

e.g. 115.56-40.56 = 75 mm in the month of June. 
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Step at S. No. 10 : 

Gross Irrigation Requirement : This is equal to Net irrigation requirement 

divided by the project efficiency. In this study, the project efficiency in the Kharif 

season is adopted as 42%o while in the Rabi season, it is adopted as 58%. 

For example, sheet of soyabean-1KH being it -a Kharif crop, the gross irrigation 

requirement (GIR) is given by 

GIR = NIR/0.42 =' 75/0.42 = 178.57 mm for the month of June. 

Step at S. No. 11: 

Water Requirement for Sowing Area (Ha-m) : This indicates the water 

requirement for the sowing area of the crop in Ha-m. 

For _ the ,example sheet of soyabean-LKH the sowing area is 4509 Ha. So. 

water requirement is 

(178.57/1000) x 4509 = 805.17 Ha-m for the month of June. 

Step at S. No. 12 

Water Requirement for Sowing Area (M Cum) : This is the water requirement 

for the sowing area of the crop in million cubic meter (M Cum). It is simply a 

conversion of figures in Ha-m obtained in the step at S. No. 11 into, million cubic 

meter (MCum). 

It is obtained by dividing the Ha-m by 100. 

For the.example'sheet of soyabean-1KH, it is given by 

805.17/100 = 8.0517 M Cum for the month of June. 

In this wary estimation of crop water requirement for each crop suggested 

under a cropping pattern is computed out monthwise for its duration. 
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4.1.7 Monthly Estimated Crop Water Requirements and Total Water 

Requirements for the Entire Command 

As already mentioned above that, water requirement for each, crop is 

computed monthwise for its duration. Based on these an abstract titled, "Monthly 

estimated crop water requirements" is . prepared which is at Table No. 4, Page 

No. 74. 

The table shows month wise crop water requirements for all the crops. 

The sum of water requirements of all crops for all the months gives the 

total water requirement for the entire command area of project. In this study, it 

comes as 287.343 M Cum as shown in the above mentioned Table No. 4 at page 

No. 74. 

4.1.8 Computation of outlet Factor, i.e., Area Irrigated per Unit Volume 

of Water and to Check Canal Carrying Capacities 

The outlet factor is defined as the area irrigated per unit volume of the 

water released for irrigation. This outlet factor is useful in deciding the carrying 

capacity of the canal system. 

The abstract of monthly estimated crop water requirements at Table No. 4 

shows that the maximum water requirements occur in the month of November 

having, a magnitude of 68.195 M Cum. The area irrigated in the, month of 

November is 40578 Ha. 

So, outlet factor 
40578 

68.195x106  /30x24x60x60 

= 1542.31 Ha / Cumecs 

The carrying capacities of the canal system of Kolar project is to be worked 

out -using the outlet factor as 1542.31 Ha/cumecs computed above. 

As mentioned in the chapter of 'Description of Project' that Kolar project has 

two canal system namely left bank canal and right bank canal designed for the 
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capacities of 18.60 cumecs and 16.40 cumecs respectively. 

These canal systems has area of irrigation as 26572- Ha and 18515 Ha. So 

adopting outlet factor as 1542.31 'Ha/cumecs, the capacities of left bank and right 

bank canal systems are: 

Capacity of left bank canal = 26572/1542.31 = 17.22 cumecs 

Capacity of right bank canal = 18515/1542.31= 12.00 cumecs 

Thus the left bank canal capacity and the right bank canal capacity are 

adequate to meet out the increased water requirements. 
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Chapter 5 

RESULTS AND DISCUSSIONS 

5.1 RESULTS 

The various results obtained after the completion of the study are described 

below : 

(1) The reference crop evapotranspiration (E-) for each month of _the 

years 1984 to 1999 is computed by `Modified Panman Method' using 

the climatological data of _this period., These computations are at 

Table No. 1, Page No. 46-61. 

(2) Based on the monthly ETOs computed as mentioned above, an 

abstract titled `computed , yearly reference crop evapotranspiration 

(Em) by modified Panman method Is prepared which is at Table No. 

2, Page No. 62. This abstract shows monthly average E,-0  s as well as 

daily ETO  (mm/day) for each month. 

(3) Using the daily E-, values worked out in the above step, the 

estimation of crop water requirement for each crop is worked out. 

These computation sheets are at Table No 3, Page No. 63-73. 

(4) Based on above computation sheets of 'estimation of crop water 

requirement' for all crops, an abstract titled `monthly estimated crop 

water requirement' is prepared which is at Table No. 4, Page No. 74. 

(5) The abstract at Table No. 4, Page No. 74 as mentioned above, shows 

that the total water requirement for the entire command area is 

worked out 287.343 M Cum. 

(6) The water requirement calculated at the initial planning stage was 

260.70 M Cum. Thus there is an increase of 26.643 M Cum in the 

water requirement is obtained which is about 10.21%. 
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E 	 à ǹ. L II' ai ai v~ - v E 
°a c cCa c D 0 r- ° a~ + E 

V 	a c . 

a 
'o 
Z r N M ►n Co I` Oo O° r̀ 'N M V, M W r- M O O r N M ~t ►n CD 1- M O r Y t-- r r r ~--• r .- r N N N N N N N N N CV 
N-  ! 

61-  - - --- - 



N 

00 M CO (0w- (N CO T M N U) M (0 t[) Ln U[) O N OO O O t-- qt M M 03 N Oo 0) O T-- a- 

O 
CO 	

~ ~ooaO m 	 FOwmoo3 
 

co  V- 
~i  G 

T T r r T T T T T r T T T T r _ 

Z E 
LU 
J 

C 
• V 

co .00 C'M • co Q) O CO O F- st I O r ~ M O CO st O r 	i~'? t'r3 1~ CO Q1 	00 M O Lo t- N M U) 	W 
cp 	0 

~ T 1~ of i- 00 o O c%t r7 c0 cp 	ri cD O O 0000  M T O -0 O 	O 00 
ri 
O 

C'? 
M 

U' r T r r T 	T TT T T 	1-1- 1- 

rn M O  ) o C co  CO  O) O N oO O  
~ 	 rr O 	

co f~ N 
Z 

CD 
	msN O r 	 O 

	
N 	 '  M 

T' T T T T T r T r r T r r r r r 
• 

r 

r U1') O 00 O N M V. N M M N M (0(00  1- Ln 	N st O N O CO T M r F- - F- ' LU 
O N f~ Q 6 6 6 f~ 

!! 
r: 

CO 
eD M to M U) fD TO CO Y•) CO (O 	(O I) ' Z T r 1-1-  T 1 r r r l 1-1- r T T T r 

O 
~... F.• 0 0 0 0 0 0 0 00 	00 	O O Cl 00 CD Co Lii nj N O N - 4 CO CO o0 I- 	r cd) C„~ 00 ch Lri r' 

r, 

O m 	r r 	O M 	LA ti u7 at 	P c .oMO 

a M o = CDMMMMoCTMMM0MTMCD co 
LU 

to 	M 	10 N O O LU 
a a - 

u) 00 M- C) Q) I- 	O 	O CO U) CO O) O N - T M 	r O M M M q' O T O N r 
00 

M T 	T T 	!~ r T t•. 

C.' a Z MONciriaoMchcccornOOr.co T Co V1 W a ry N 	N r 0) aM- 	N -'- 	N- ON) N r
. 
Co N e0 

C) 0 
' 

'y 
 

N r ClN N N N N N ~- r r r N N ~-- d LU Z (N (O 
W 
W Q 1w O ~'t co M C+? 	O N N r) O) r O (p M O N M co O M T M CO r Q) 00 'CO N 0i- N Of Of LL O a L OF- 	t00 140or,mc.oi ep iii F- F- U) co co o 00 t- CD 03 N- N- O 1- 0) co N N N N N N N N N N N N M N N N ti Co 

} Cif 
J m CD r ' 	V O O CD U) CO N CD CO 	u) CO cM C„) a ui 	 ~A O Oi c+i cV a0 T C If) c~) M et p M 	 r- N M T M r '-(N O M N N r M'' M M  LLJJ N N N N N N N N N N N N N N N N 
} 

ILl  0) r 0)- Co 	CM ~D CO ~t O) O T O) r  CO 00 M M !O U? O? t0 O) O) CO Cl O r 
• a co a CD 	M I- O rn m m m CD M 	oo a) 

to 

co a N r N N N T r N T e+ r r- N r 1-1- T 

m 
sF N CO Co O N 0300 (N 03030) -W co 03 CD O) O n M T co NM M C~ N N CO N c0 O 

U) 
W W O Qi 	cD N r Qi O CO wT 	cli  N N M M v It IC) M M N 	M M 	N (N 

0~ 
U, eh °O 

at r r r r r 1-1- r T T TT 1-1- T r  

Z 
O C') er N Co tf) 000  O r O et N oO 

N- F- C0 C) Cd) (N Uf) U) CC 00 .. C) 00 O r O Co 
to 0) 

Q M 	MIC) w 	 r N Q, O) . T T r 	r r (N O r r Di- r r O T• 
1-1- T T T r T r T T r r r r r T 

r 
1- 

C) 

It)  co 1- . (0 0)  
     0-i- N MqtIC) CON- (0 0)  0) M   M M M o) rn rn rn rn Q) o) o) o) o) 01 0) C) o> o) 0) 0) 0) C) C) 0)  

r r r T T r' 1-1- 1-1- 1-1- r 1-1- T. 
W 

E 

o E 
O 

r N M 	K) (OF- CO Q) 0-i- N M st u) O' 
r T r T 1-1- 1- 

62 



Z 
W J 

r .-. 

W O N N O.O 	O 
Z - Ni-c;Of 	LO 

_ N. W N O N 
O 	O 

r M cII N V . 
1 	I (n = O c) Ln N T 

O a .- M 

L H T `_ L1J 

>- O ~ E..L T O N g N ^ cn 0 . r ca co c0 
 

Lt) N O 
- C 

0. 

O 0) L 
y=+ C 

pQ - Q 
c 03 U 

O O U co O O 0 (n C~ U~ aLi N  `~ ti  
co 

Q 
5 

O M O co O 

F- 
Z N 	O 
W r— 

w 

W C") N O M 

03 o °o o 

a) OOi. 
a N 

T O 
Z 
0 

V 

. 
Z e~ } 

Q 
.Od. O co O 

Lo O 
O (O O 
d to d in 

W oolwS-C) ~rn °vn 	r- ao 

o c 

• 
E E -E 	~o '— c 

Cl) 
C) E .. E 	...  

L 

E E 	o w 
w 
v 

Y 	E° 
4) CD v 

o c 'o E 
v 

m ea et 

E o>  E c° o 	) c E W ::.. rn a C O C•• m 

O C) -O WOO O - 	4) Q O O ` O OQ WZ(,UQQ 
O 
Z T N m' U) CD N- 00 C~ C 	r C4 

63 



N 

>- 
O 

-, 
= N 

N cu N _s 

Z 	} M CD 
Q . < 

vOQ v). 
o •3 `L° 3 0' 
Uco0CAU' 

o  
.=c..1 .  

W 
co +- CO 
r a 
w ~ 
N 
r+ v 

N w ~ 

any 

H 

to ^. 

• w 
y r 
c'1 '- 

N a 
O 

M N 

o LO r- C', 
't op N. 'C) 	, N 	., 	i 
M O U) Co N - 

v 

Co. 
°° oo ° 	co ' cc 

N N 
Cf o Of ~ 	I 	S  

ui 

ti ' Go 

Lo 

Co 

N M N 

M 
O 

Co ° . 

Q ti _ 
aD N 	M 

O tC ti o . 0 
1.- O 

M  

O 	O 

1~ 	M ti 

V I

a 

O 
Z 
CO 

0) 
c') 

E 3 0 
E E 

E  
.. as a) a) . 	t_ 
~.E - 

,_
E 

	

-
. ~, y 	E 	'-  

W E a=i E - rW -emu  

°a) Ea6~. m amt[r.o ..E... 
E a E w c L cv w cv 

O :;, N 0 E • Q O c G) 
CO 

Q~ ti 
a - •o 0 - > a, .~ a~ . co cr eo 

	

L 	- 0 v ccu 	c 
WUUa-()(9WWZC7U~Q~SQ 

N M W u) Co N- CO 0) C 	.N- 



LI 

Ui 	- 	u) 

D 
N 

.0 
N ~ 	N N ~. 

O 

W 
.-: 

Y 0(o_ ~. 
O  O Y~' 

CCO Q u0D 4-. 
r 	 fA r v 

tm O O L 

0 3  3 o y L COt.  Ucnaco0 pQ 
0 0 a 
4i 

W . 

5 
L~/ 

. 5 N 
C,~ 
00 

a ^ 
o 

°a 
0 

z 
.O 

t 
~ r 

• 

y 

U  . 

a 

O 
Z 
U' 

O 	1 

• 

M 

odd)  
-0) 

O 	1 	a 	1 	1 

0 u~a 
T 	1 1 

co . C) 

u) N 	N LO N 
r o.r)' 1 

M c , M 1 	1 	1 	1 

T T 	T CO r 	r M T 

Rncl1 
rn 

T ~ T 
0 co 0 1 	1 	1 

O M O 

O. CD I 1 

	

  O 1 LQ 0 0) ~ O • 1LQ 
	r-. 	~ 

o w 'n N c 6 ao ui O 

Q1 
O 

E `r 3 °• E  > o v) • E E E E~~~ E .E 	.oa) .°C 

w 0) E.cam -~~ci 
•Q) E v v 

~•EQ Ems 0 ~ °E'=  .. -. > 	> Cl)0 E o 0 c aM •~ rn 	a) E 0. rn c E ms Q m e v o v'0 cif O ~. O cc • c O ,n Co 
.,C E o U >•E  
• a y v) 	c 	o U) 0 Cc CD e 

WOO u) 012wzc~c°~~¢`~a` 
N m It) co N CO C) 	r CM 

65 



N p LA to M 

coCo  
 O  in ^ fV 

0 CO 
o 

M et cM 0 
('4 r- N 

cq 1 

F-`
.. 
 O) 

M r L 
003 
•LO 	U  

a0 O 0p 

00 
rn 	rn M 

u? r, co 	. 
. O  C', 

CR co  0 	1 	V- 

O r M 	e- 	CO 	00 

O CD v O 
CO 

O M ti 

L N 
I 

J  N 
N 

1 cv 
U)  

N U, .. y 

cud) 
c. c 
o O 

U co) 0 co ( 

O 
Z 
V) 

66 



°~°O ^ O0• CO I r 
o p MoM v' 

0 0 C'4 

y N 
r v 

0 0 a 	O 
 

00 I If) N- 'ct I ti 	'~• 	0 	On 
'- d- (O N   c- co CO 

r V 

O O 
V N.M. 	 M N 0)  

N O — M N ~ 

O d  (O P7 N 	M  
'- 

'-  
r• V 

^ O O 
N IO 00 

0< 	CVR1~ 
- 

-- 000  
w N 	 Lf V- IO 

W  t0 O c6 

M 	ti  i 
+O•~ Q 	O 00 
N 

r► l'- 	
°

0 

(9r>>„ 	~°•OO O 	ono° • . O 	O 	i 	- 

a 	O 	cco O COO 
U) 
r,  M 

r r! 

N 

II 
Q 	p •N v 	<O et 	~ U) ' 	, 	' 

} O O 

O a 	O O ' w 	 O N 
N ~ 
r ~ 

~wQ 	
Co o 	O

rn ~ °
0 M  o O 0 O 0  0  O 

 0 ?o 
	m 

 `n 	N 
• 

o c 
(NC 
•• •  0 E " ^  >10 v~ 

E E 	E C c N EE 	..4) E 	
"E

° 
V 	.-'—_>  

a 	Eo> 	 E ~ ow ~Q. L• a•~n 
E  E C O C.) > ' p •E 0 i' N W (N „••   

a (n fn 	O
• wooa`c°nt9awz ov < 

Z •- N M  u) CD N- oo 0) 
vi 



In 

L() m ~~ 0 F— 	0 Q 
w. G 

N O ao cq 
i t 

o 
u 	N 	u 	u . 	i 

OU 	M • U. N N co O N- M 

U)  _ 
> 	y 

- - 
y N 

r 	r • — Q U) 0 
~ 	M .. 

Z 	('•1   to I 
N o0 	N N-  

m 	cC O) O) Y O CD 	O t} 

c 	N aco N 	C~ 
• 

•3 ° O 3 `~ 	O w N r   col 

Oco0coO ~°° 

N N 
rtn N LC) CDCD M 

o N 
W 
D 

O 
O i O 

• 
O 	cn CO 

O O 
QI 

++ r r 	r 

r '- 

I— 
Z 
uJ L — 

q w W O ¢ . OO '10  M • 

r d 
W 

• L O 
> 

O 	O 
ti 	N N- w O ~ r ~ 	r- Ur, r- n L: 

Z 
-y o r 	o - of 

W 
I— OO O. M 

0 
M 

O 
'-5—.  

O N 
LL M} r O r 

O . n 	 `C) 

U>- O O co O 
M 

Cl) Q 
W _0 c)) 	• e- Q 

- N 
n 	NCO 

'- 5-.  
Im̂ 

• ' C 
i 

E E E 
E E 

^ 
E~cCO 

Cl) 
N E E - mmm m -.. • 

• 

E I.D o` 

• omEvc. •oa~' •6EccECU 

mmE•~c; =, N• c~ 
a o> E . ac 5 a~~c.E~:roDccrNC'cm o =CD m ac)Q = mv- 

„o E 3 
'g o V — > coo » 'E N ,o 

o • 
d ~A N c O N C co a; m 
° o ~' o WOOacnC7wwzC7c~~¢~¢ 

E m Z m° o 

Z •-NM~u~conaorn° 04 
. U1 



cn 
4C1) 

  , a U)Le) 
,_,,, 

< 
Z N r 

O)  QD v 

> T CO = (/) Cl)  
Q O U' s— C7 

T to ti 

❑  L F' 
a) M ca 0I r 

~_ C 
m IM v 

O 	cc 

W) N 
• 

st  T 1~ 

SCI) 'o ° 
1- 

a~i 	u, 
N 
U' 

p O CO L ~:~ _ o¢ pOp LO^- IS 	• I. 

00000)(  

H N r' 
Z IM a 

IS)CO • to LO CO OD O M O 00 CO to ' to op 

• 7 y n r T N N, N 
fV 

N  0 
N 

++ r T 	T T 

I- 
2 
W 

W 

4 

M 

0 ' N p C 
T U 	I  

Q C O) T C G o0 	T Y! 
ti • y T cc 0) 	L 

0 p Q O 1- 
w  a  M 
C.) • 
LL  
o ,~ • .... 

Z y 

Q r~ 0 p p ' 
_ 
et ~MQ' 	'4' U) 

W Z. 	—~/~ T — 0 	O o 
f a p 	0) p M 	r O 
r.+ 0 F 	F--• COO 4-U' 

QI 

a, 3- E U 3 0 
E E rN m E. E 

❑  E ❑  

Y 0 E a ,cco o o f ca d ea 
Cr • a E o> o c c E O° CD c cr 

asW~ 
• 0" 2- p. 

wcic°-)a`cont7dwzo0 
a) 	.-. 

ENN0' 
o C 	( 

i-, 	' 
R d 

• 
L. a 

Z T LN (0 st 't) (0 I- 00 Q> 04 

Y/. 

El 

n 

69 



Ui 

> 	i w Cl) } u) N ONO 
N 
~ 

O 	o Q O Q p 1p 
co 

1 	N 	1 	('7 	1 	1 1 1 1 

Z 	= r O) O N r 	in O - 	r 

C 	
cQ 

N 
} 

in 	N 
M to O N 	< Q- • 1 	1 ' 	Q 

r 	r 
Q 	M 	•= m 

N 	r 
~~++ 	o N 

r 
CD 	c 

uJ  r- LU  
N 	1 c ccc 

cu0) in 	N T N N N O) 0 0) .0 N in LO 
"C w/ C 
O O 

O 
+0 

  O 
r r r 

1 	1 

2O 7 O ~- 
U cn ❑  cn (D y N 

... 
r 

N y Z r (o in 	M M co 	M in 
o 
N a) 

*~' ❑  T N N_ 	N O M y r r r 	r N N M 
l- v 

N 

y a r ❑  
r LO C! 

O (0 1 

W • O V) N o0 V 	O M r' N co in 

M 
❑  r 	CD  

01 r 

O Q 
C)
. 1 	1 

0 0 co • 
N M 

C) > O 	O) O 	O) r 	O) O 0)) O O 
— M 1 	1 C ) ❑  

Z 	Ley 
N- 	N- 
LO O r 

O 	1- r 	N- 

	

r 	[— 
- 

..) 
p) 
T r 

o ~ C 

•o E u~, 3 
EC  E E S C m EC 

. 	E 0 N v 

E 
•^ v > V 

E a 	m o f E o a' n 	~o Q ca 2 ca 2 E 	E 	C O 0 
"Q a~ vii E ~° o a a> i i 

o> v~ 3 O E o) C Cr N o N E 
U — >  ai ) a) 

O o  
WUUaf)U' WzOU w Q Q 

• Z r N ( LO CO N- CO Q) r N 

O 

I- 
z 
W 

2 
w 

V 
W 

Ix 
W 

a 

LL 
0 

Z 
0 

y 
W 

70 



0 

' N N! p LQ Lrj 	 N 

T C 
 

1(i) v Il. 
O } ^ O 

y . O 	O T 
E .. a 2. 

y- 
T - 

in 	N 
C 0 C C 

C QC 
0} 

Q 
 • COinn N 

l~O 	v 
2 0 7 0 2 O T 00 	T 	ti cco 

z  D O T O  v 

N g LU l" v 

— 

W 
V 

0 ' 	' L O W 

O.  
`r est L.J 	U ~4-•• 

10 
v O 

Z 
y  

O r> >- CO-It)  oo . 	Q c o 

F- > N ci — O) T 	Q) 	CO 4 C r 

W Zr-~/~~ ~~ 	rn 
T 

CO 
CI) T 	T 	i- 

>  COO 

Q 
O

• CO  Qf O 
N 0 -CO  

N N 
r 

' pf 

o O C ^ C S ,.. 	E . .3 0 E E 	E- ° E v) 

• . 
• • .• v O O -_-II C 

o *o Y N E 	 o E 	cc- 0 ea 
a  o> C 	C E Q o cc C 

E
' 	rig 0 	cc -E *cc: 

cr 
a c 	> = >.E (D c) 0 4 v ia E oM 	y ~ ` 	' i 

I m 
w0U"acnc~awzc~L) 

I. 

Z N M 	U7 CO ? - CO O) 04 

I 
71 



Z 
W 

2 
W 

0 

W 

W 

n
. 

O 

Gd U 

O 
Z 
O_ 
I•- 
CQ 

W 

' o 
N 8 

Z ►j Q 
L N 

~ h 
W o}= 
O 

' 
D 

~ . a~ 	acvi ca 

Cf O C) .c 
o •3 c̀v •3 ~ 
1- O 	O 1- 
O (n O fn C7 

003 	1 N. 1 N 	1 	1 	1 	1 
O 	 ►n 

oo -̀ ' 	cV 
N O N C 

1 	
r 

Obi 003 	. a 	M 	Cl 	N 
O  1~ 

rn 	0) 	N 	o 
00 

tC3 O O 1 	' N ao'— Q) 
M 

T L T 
T Q 	1 1 

N '— N 
T u) N C) N N F- N N th of '. N. °c U o 

COD  
c o U) 

0)c) 

03 	03 T U) 03 lD 'i 1 	LO 	03 	CO 
T T nj C6 OR 

0) ao 0 

L O N O st  1 

Q) O M co 

Qf 

o O 

E 

o 	E 
W ` .-5a  

Y N E.:6'a E ~ `.-° °) c E M E Ea E 	a> 5  a=_ 
E o 
E 	

> vm.2•c E 	° a) a' cT E t 	
~~-  

°- 5U— > o~E~~ ~~ ~ 
0 N U •~ 

	

 ' 	
1 

u) • a y fn 	N c O 	C .. ce ,F, cv 
.22 0 2 o 2 'cc a g o f0 • O i WUUd'U)0 WZ(90 < Q 

TNMstLOW1-000~ 
0- 

U) 

72 



U s}• w N J a r ~. U .... oo moo , o , 	, > 
O U y r O r  v 

O 

r 	c4 V'~j V C ) } 
0 

to) 0) 	(~D N cC  CO  V• c )  CO 

'"' N cu N- C) C6 	(p C ' O O 10) O to r C% e-•O 	- 
r 	N 	'— N 

O 
(V C) M !7 

11J 	❑  p) M 
W •• ('nw j • 

r 

N 
'~ C. 	i- 

O G. 	3p OO N Cl m N N 
W Oo) ❑ f!)O ' 

a L1.1 Q 0 • r 	i • CO)
O 

Z ti CO 	CO 
W • IO ~r ar Ln co ~~ L!) ,..~ 0) M (0 oo c, 
Q r o ' 0) (0 03 7 = .... . N T. N O 00 

w• (/) 
~>' 

r r N r 
a 
O 0<: o rs Vg 

r 	N 
V 4V 

N! r r L 	tn 
r v 

0 
Z N . 

° W 
w ol° . 

'o~ 
oro ovori 'F Li ~ `- N 

a~ r 	r r r r O r r V 

W . 
N 

.=—  
Q 
M Q 

(D 
~ O (0 0 

O 
O 

O 
O 

N 
O r r 

I 0 O G Z w M M O r Cl M' O M O . 	00 N. r 
(p t0 

r 	O r r Cl) r r 
O 

o O 
•
= 

- .E ~' 3 0 
• 

.• 	E E E ̂ Ec ~cn ~, >, o vo 
Cu E „ E c > °' • U) 

`+ 
E 

)U) ~ E -  aid 0 
E-  

VV 

V 
^ v 	'-'V 

__ ._ E '- d) 
Cu.  

c co 
m 

y C) 
• 

!~  
o E -tea 

E'< 
0 

E..c~ 
m C 'o 

o 
E 

Cu L E.. cu N E 'cv 	O- w~~ '~ Q. E ` 
°= c o E •°'= Cro 0o 

Cu -s 2 . i I 	3 
N f= 	= p = p C — c9 w l4 

• wO Or CO)(D 
G) —. 

wz(DL) < < 
Z r N c'7 v .tn (O 1-- CO O) 0 r cm 

_ lI~ 

73 



M 	- 

	

I 	031 

	

U03030303 I 	0 

O 

`Z   
Z 	c. 	cL 	 c'  03 

'  m 

03 Moog. 
' '  N 

O 

W 

uoGi 	• V 	 ~' 
0 

v   
to , 

 Ui 	

~p t Ui 	 I- 

 

~o  N 
Z7  

 
I 	.1

t4 

	

d 	,,' 	 W W 
~C 	 I 0  

I 	I o 

121 

W ~UA 
A~ c~ri  N 

• 

4 W 0 
c~ 	 O 

YOG J 

O •~2 	Y
•

u1 ~j U 

a CO  
pt 	D p~p~ 	~Md ,neo 

0  N N M +n 

N . 

-7ti 



(7) 	An outlet factor of 1542.31 Ha/cumec is worked out to check the 

adequacy of the capacity of the canal system designed at the initial 

planning stage. 

(8) Using the outlet factor of 1542.31 Ha/cumec, the discharging 

capacities of the left bank canal and right bank canal of the Kolar 

project are worked out as 17.22 cumecs and 12.00 cumecs 

respectively against the 1860 cumecs and 16.40 cumecs designed at 

the initial planning stage. 

(9) The monthwise variations occurring in the crop water requirements 

is also worked out for comparison. These variations are shown on a 

bar. chart.at Fig'. 2 on Page No. 76. 

5.2 DISCUSSIONS 

The results: of the study show that the crop water requirements for the 

entire command of the project has increased by 26.643 M Cum as compared to 

that adopted at the initial planning stage. It means - that to fulfil the water 

requirements of the entire command there will be a shortfall of the water having a 

quantity equal to 26.643 M Cum. Resulting to which the crop yields will decrease 

as available Water is limited due to Kolar project being a storage project and 

having its storage limitations. 

In such a situation to get the optimum results the only way remaining is to 

improve the irrigation efficiency and control the cropping pattern. 

The irrigation efficiency" can be improved by regular maintenance of canal 

system, structures, gates, etc. and by providing lining starting from distributories 

to - water courses. A study carried out in the state of Haryana shows that by 

providing lining in the water courses upto 50% length reduces the seepage losses 

upto 80% thus increasing the irrigation efficiency substantially. 

The cropping 'pattern- may be controlled by selection of crop and reducing 

the area to be irrigated. When water supply is limited, crop selection, total acreage 
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and total production are primarily determined by the extent to which the available 

water supply over the growing season can meet full water requirement of crops 

and the highest water utilization efficiency that can be obtained from the available 

water supply. The water allocations of limited supply, would be directed towards 

meeting the full requirements of the crop during the most sensitive growth period 

for water deficit rather than spreading the available limited supplies to the crop 

equally over the total .growing period. 

Thus by improving the irrigation efficiency of the system and by controlling 

the cropping pattern, the deficit arrived in the available total water due to 

increased crop water requirement may be met out. 

The another result of the study' shows that the existing canal system of the 

project designed at the initial planning stage is having adequate capacities to 

supply the increased water requirements. In general, the inadequacy of the canal 

system of a reservoir project/storage project might ' not be arises to supply the 

increased water requirements due to the reason that the total water available is 

limited due to the storage limitations and this limited water is to be delivered for 

irrigation. 

But in .the case of diversion scheme where water is diverted directly from 

the river having sufficient quantum of water to meet out the increased water 

requirement, the adequacy of the canal system might play important role. In such 

situations, the,  adequacy must be checked if increase in crop water requirements is 

observed. 

In the study, it is also observed that the crop water requirements are 

computed on the basis of average values of ETOs derived from the historical data 

and also average values of Ems were adopted at initial - planning stage due to 

common practice. Instead. of adopting average values of ETOs, frequency analysis 

may be done for the historical climatic data (10 years or more) and the value of 

ETO  - selected .  for crop water requirement than be -based on probability of 75 or 80 

percent. 

By adopting ETOs based on frequency analysis in any planning and design, of 

irrigation project may reduce the failure chances. 

77 



Chapter 6 

SUMMARY AND CONCLUSIONS 

6.1 SUMMARY 

The basic objectives of this .study is to observe the variations occurred in 

the crop water requirements due to micro climatic changes if any has taken place 

in the command area of the Kolar project. As the crop water requirements are 

closely related with climatic conditions so any change observed in the climate will 

directly affect the crop water requirements and ultimately the discharging capacity 

of the canal system and the area to be irrigated. 

To obtain the aforesaid objective, analysis made are as follows: 

(1) Collection of climatological data like maximum temperature, 

minimum temperature, RHmax, RHmin, cloud cover, wind speed, 

monthly rainfall of the Hoshangabad. station for a period of 16 years 

(1984 to 1999) from the Indian Meteorological Department of India. 

(2) Computations of Reference Crop Evapotranspiration (ETO) by 

'Modified Panman Method'. as suggested in FAO Irrigation and 

Drainage paper No. 24. 

(3) Selection of crop coefficients (Kt) for the various crops suggested 

finder a. cropping pattern. 

(4) Computation of consumptive use and gross consumptive use 

(5) Computations of net irrigation and gross irrigation requirements. 

(6) - Monthly estimated crop water requirements and total water 

requirements for the entire command. 

(7) Computation of- outlet factor, i.e., area irrigated per unit volume of 

water to check the adequacy of the carrying capacity of the canal 

system. 



After carrying out the above steps, the results of the study shows that the 

crop water requirements for the entire command of the project has increased by 

26.643 M Cum as compared to that adopted at the initial planning stage. Resulting 

to which the crop yields will decrease as available water is limited. The canal 

system has adequate capacities to meet out the increased crop water 

requirements. 

As the Kolar project is a reservoir project so quantum of water available for 

irrigation is limited. In such situation, to fulfil the need of increased crop water 

requirements the only way remaining is to improve the irrigation efficiency and 

control the cropping pattern. 

6.2 CONCLUSIONS 

The various conclusions drawn after carrying out the study are briefly 

described as follows : 

(1) The climatic variations occurred in the command area of any 

irrigation project plays important role in computation of crop water 

requirements.- Therefore, crop water requirements should be carried 

out time to time so that'the optimum crop yields may jbe obtained by 

timely management by improving irrigation efficiency and controlling 

cropping pattern. 

(2) in the case of increase in crop water requirements is observed, the 

. adequacy of the canal system tosupply the increased water 

requirements should be checked especially in the diversion schemes 

in which the river has sufficient water to meet out the increased 

water requirement. 

(3) In view of even, increasing food . problem and the limited water 

resources,, the accurate, estimation of crop water requirements is 

quite essential to conserve and utilise the available water resources 

to the best of man kind.-  
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(4) Planning of an irrigation project is a very complex one that too the 

estimation of crop water requirements of the project since it involves 

various parameters such as cropping pattern to be adopted, climatic 

data, consumptive use of crops, water application efficiency, special 

requirements, e.g., nursery, leaching, etc. 

All these parameters vary from -region to region and thus 

every project is a separate entity. 

(5) The entire procedure laid down in the study may be helpful in 

planning and design of any new irrigation project. 
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