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SYNOPSIS

The basic objective of thié stqdy is to observe the variations that have

occu’rr_ed in the crop water requirements of a s_ug;;ested cropping system due to
changes in the micro climatic conditions in the command area of the Kolar project.
The initial planning of any'irr'igation project begins with the computations of crop
~ water requirements of a proposed cropping pattern for the command area of that
project. Usually climatological approéches: are used to determine the crop water
reqﬁireme’nts using historical cIimato!ogic 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 storége irrigation project.

As the crop water req‘uirer)ne_nts 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 capacify of the canal systerﬁ and the
area to be irrigated. Considérihg this concept, an attempt is made to collect the
climatological data.from 1984 to 1999 of the Hbshangabéd 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 16.21% with reference to that adopted at the initial planning
stage. Resulting to which crop 'Qields‘ will decrease as availablé water is limited. The
canal sYstem has' =~ adequate capacities to meef out the increased water
requirements. ' | '

As the Kolar project is a reservoir pfoject SO duantum of water available for -
thev irrigatioh is limited. In such a situation to fulfil the ';need of inqreased crop
water requirerﬁents the only way remaining is to improve the irrigation efficiency

-and control the cropping pattern.

(iiij



CONTENTS

Title - - S o | Page No.
Candidate’s Declaration _ ’ . , o

~ Acknowledgement ' f _ . _ , ii

| 'Synopsisv o | - - | ‘ i
Contents A | | 4 o o v
List of Tables & Figures o . vi

Chapter 1 : INTRODUCTION
1.1 General ~ S
1.2 Objective of Study - a A 2

- Chapfer 2 REVIEW OF LITERATURE
2.1 Crop Water Requirements
2.2 Determination of Evapotranspiration (ETcrop)

2.3 Factors Affecting Crop Water Requirements | | 16
2.4  Gropping Systems _ ) ' 20
2.5  Project Planning o | 22

] .

Chapter 3 DESCRIPTION OF PROJECT
3.1 General - , . : , 24
3.2 - Cropping Pattern of Kolar Project 28

Chapter 4 'METHODOLOGY _
4.1  General _ , ‘ 30

4.1.1 Collection of Climatological Data _ _ 31
4. 1.2 Computation of Reference Crop Evapotranspiration (Eto) | 32
- by Modified Panman Method ’

4.1.3 . Selection of Crop Coefficients- . 37
4.1.4 Computation of Consumptivé Use & Gross _ | \ 38

Consumptive Use

V)



4.1.5 Cowpultion of Net Irrigation Requirements

- 4.1.6 Computation of Gross Irrigation Requirements
4.1.7 Monthly Estimated Crop Water Requirements

v and Total Water Requirements

4.1.8 Computation of Outlet Factor and to Check Canali

Carrying Capacities

Chapter 5 RESULTS AND DISCUSSIONS
5.1 Results . '
5.2 Discussions

Chapter 6 SUMM]ARY AND CONCLUSIONS
6.1  Summary " |
6.2 Conclusions

REFERENCES

ANNEXURES

)

41
42

43

43

45
75

78
79

81

84



LIST OF TABLES

~ Page No.

Computation of reference crop evapotranspiration (ET,) by © 46-61
Modified Panman Method |

Absfract of computer yearly reference crop evapotranspiration (ET,) 62

by Modiﬂed Panman Method |

. Estimation of crop requirement . 63-73

Abstract of monthly estimated crop water requirements 74

LIST OF FIGURES

Page No.
Index map of Kolar Project 26
Monthwise variations in crop water requirements between 76

initial planning and current study

(Vi)



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 bf fapidly
increasing population. Thé aVaiIability of land and water resources per capita are
fast depléting. In su~ch situations, well pl:a.nned and efﬁciently>utilized irrigation
syste;m will definitely lead us to overcome the growing problem of food shortage to
feed ithe ever ipc'reasing population of India. | | '

In ordér to achieve the optimum -utilisation of irrigation syétem, the fertility
of the soil to be maintained, a suitable cropping system to be adopted. In addition,
the irrigation 'v;later subpliéé are to be ensured in order to obtain the economic and
optimum utilisation of available i}rr'igation water s'upplies.

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.a'nd ‘distribution system so as to provide water to the cultivators as required.
- The maini-purpose' of irﬁgation is to supply the needed moisture to the soil around
the root zone of the plant. if;the root iohe is not uniformly moistened or if eithgf_ '
- too much or too little water is added, the result is the diminished harvest.

Crops require water in_appropriate quantities :at spgciﬁc intervals vfor their
normal growth and for giving 'Enaximum 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 g‘enerally
depend upon 'their_types, rainfall .incide’nce, climatological conditions, land grading
and levelling, drainage conditions, soil .characteristics etc. However, out of the
- aforesaid féctors, the clima_tological cénditions play an important role to affect the

crop water requirements.



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 %hanges in the
micro climatic conditions in the command area of the: Kolar irrigation
project,

(2) To check the adequacy of the e>\<isting' canal system to meet out the
increased crob 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 usihg historical climatological data available
at the nearest site. o

On the basis of these crop ‘water requirements, the net h:rigation
requirements and gross irrigation requirements considering certain project
efficiency are calculated. fﬁus the computed gross requirements are useful to fix
the discharging capacity of the canal systems ahd 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 di_rectly affecf 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 Station of the kblar 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



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:



‘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 éstimation 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 c;f water needed to meet the water loss
through evapotranspiration (Ercrop) of a disease free crop, growfng in large fields
under noh-r‘estricting sail conditions ihcluding soil water and fertility and achieving
full production potential under the given growing envirohment.”

Or in simple words we can say that amotmt of water required at the root
zone of a plant (crop), right from germinati'on (soWing) of the seed upto the time
of harvest for-healthy grewth and optimum vyield is termed as the Crop Water
Requirement (CWR). It includes the amount of water required fer(a) consumptive
- use (CU or ET¢ or ETeop), (b) special needs Iike'AI'a:nd preparation, palewa, nursery,
transplantation and (c) percolation and appllcatlon losses dependmg upon the type
of crop grown and the sail water characteristics. ’

‘Evaporation, transpiration and consumptive use are the i'mportant factors in
estimating crop water requirements and thereafter the irrigation requirement for

the planning of any irrigation system.

Evaporatlon | | |

It is the process durlng Wthh a liquid changes into a vapour or gas. The
process of evaporation of water in nature is one of the fundamental components of
the hyd.rolog'ical eycle'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.



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

enters the atmosphere.

Evabotranspiration (ETerop)
| It denotes the quantity of water transpired by the plants during their

growth plus the moisture evaporated from the surface of soil and vegetatidn.'

. o |
Consumptive Use (CU) ‘

Water is mainly needed to meet the demands of evapotrangpiration (ETcrop)
and the metabolic activities of the plant. Both of these together is known as
Consumptive Use“(C.U). , | o

Since the water required in the metabolic activities of the plant is »very)less
(1% or below 1%) hence it is negllglble Therefore, El'mp is practically con5|dered
as Consumptlve Use (CU) | |

As it is already mentloned above that water requ:rement mcludes the
consumptive use (CU or ETc.p), Iosses-durmg the application of irrigation water
(ur\avoldable losses) and trl/e quantity_ of water required for speCial needs such as
land preparation, nursary, transplantation-etc., sd it may be formulated as follows :

CWF = E‘l'cmp or CU + application losses + special needs. _

Thus crop 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 (lZRRG), effective rainfall (ER) and soil profile contribution (AS)
vincluding‘ that from shalldw water table. Numerically therefore crop water
requirement is gi\ren 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 \;’vhich is to be supplied. The cdmputation of CWR' involves ET crops



application losses and special needs, out of Which application losses debends upon
‘the sysiI:em efﬁciehcy and special needs depends upon type of crop and soil type.
So these may be found out for a.‘-particular irfigation system having its command
area with certain,cropping patterh.: h

The remaining term, i.e., ETerop iS to be determined. There are various
methods for the determinatien of El'mg, i.e. evapotranspifation. These methods
can broadly be plaésiﬁed into three groups namely :

(1) }Methods based on direct me'a_surements

(2) lble_thods based on evaperation data

: (3) Methods based on climatological da'ta. ‘

2.2 DETERMINATION OF EVAPOTRANSPIRATION (ETcmp)
2. 2 1 Methods Based on Dnrect Measurements

The prmcupal methods for direct measurements of evapotranspiration are

(1) Lysnmeter Experlments

Lysimeter studies mvolve the growing of crops |n large contalners
(lysimeters) and measuring their water loss and gains. A lysimeter can be defined
as a devi_ce in which a volume of eoil planted with vegetation is Iocated in a
container to isolate |t hydrologically frOm the sdrrognding soil. Mainly two types of
lysimeter are there |
| ) Ndn-weighin_g type — volumetric, manometric, field ‘method

(i)  Weighing type | '

Non ‘weighing lysimeters give less accurate results comp'éred to weighing
type. To get more accurate results as well as short period estlmates welghlng type
lysimeters have been developed. o '

The soil and crop conditions in the lysimeter should be elose to the natural
conditions. From the irrigation pb_intTOf_' view, weighing Iysimete»rs are_set up\to

enable the operator to measure the water balances : water added, water retained



by the soil, and water lost through all sources — evaporation, transpiration and
deeb percelation. These measurements involve weighing which may be made with
scales or by floating the lysimeters in water on a suifably heavy'l,iquid, 'in which
case the changein the-liquid displacement is computed against water. ioss from the
~ tank. The technique yields a measurement of total water loss and is useful as an
indicator of field water loss, provided suitable precautioﬁs are taken. |
Lysimeters, though provide the means of precise and direct measurement of

the amount of water supplie& to and lost by the crop, often encounter a number of

problems. The major limitations are the reproduction of physical c'onditions such as

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

comparable to those outside in the field.

(2) Field Experlmental Plots

Measurements of water supphes to the fi eld and changes in soul monsture

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’:'ia“ ‘

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 'rﬁeasurement: of soil

Av’—/'
,



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 :

no A, —M,. ’
u = ?;‘} l_rmo_?_'_ * 4, * D,
in which,
u'=  Water use fron1 the root zone for successive samplingkperiods or
within one irrigation cycle, mm | | :
n=  No. of soil layers sampled in the root zone.depth D

My = Soil moisture percentage at the time of the first sampling in the i*!

layer

My = Sonl moisture percentage at the time of the second samplmg in the i*"

Iayer
A= Apparent specific gravnty of the i*" layer of the soil.
Dy = Depth of the i*" layer of the soil, mm.

Seasonal consumptive use (CU_‘= zu) is- calculated by summing the

consumptive use values of each sampling interval.

(4) Water Balance Method |

The water balance methed, also called the mﬂow-outﬂow method, is
suitable for large areas (watersheds) over long penods It may be represented by
the following hydrological equatlon ' o ' |

Precipitation = Evapotranspiration + Surface runoff + Sub-surface drainage

+ Change in soil water contents |

This method necessutates adequate measurements of all factors, except

evapotransplratlon The value of evapotranspiration is computed from the

measured data.



All the methods based on direct measurements yield very reliable values of
3 evapotranspiratlon prowded 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 relationshio exists between the rate of
consumptive use- by crops_and the rate of ev'aporation from a properly located_
»evaporation pan. The standard US Weather Bureau Class A open pan evaporimeter
or the Sunken screen open 'pan evap_q'-imeter can be used for the measurement.
The relation beMeen evapotranspiration and pan evaporation is given by the crop
i’actor. o - | |

| Evapotransplration 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 during the early stage of growth and increases as the plant
approaches-maturity. A

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

particular crop at a loca_tion sh_oold be determined experirnentally.
2.2.3 Methods Based on Climatological Data

(1) Thornthwaite Formula
Thornthwaite assumed- that an exponential relationship exrsted 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 t/1)° |



in Wthh |

PET = Unad]usted potentlal evapotransplratlon ¢m per month.

t = Mean air temperature, °C. ‘ ‘ _

I = Annual or seasonal heat index, the simmation of 12' values of

monthly heat indices (i) when, |
‘ i = (t/S)i'S” |
a = An empirical-exponent computed by the equation
" a = 0.000000675I° - 0. 0000771 I + 0.01792 I '+ 0.49239

The unadJusted values of PET are corrected for actual dayllght hours and
days in a month '

The Thornthwaite ‘formula gives a‘ reasohable estimate of. potential
,evapotranspifé'tion in temperature, continen;:ai climate of North America where the
formula was originally derived because there the terﬁperature and radiafion are

' strdngly correlated with PEI‘.'

(2)' Christiansen Method

Ch‘ristiaf;sen 'proposed an empirical errﬁula, to estimate pan evaporation
from climatic data when reliable measured ban evaporation data are not available
for estimation of evapotransplratlon

The followmg ;s the Chrlstlansens revised equatlon developed at Logan
(Utah), USA for estimation of pan evaporatlon
_ Ev = Kow.R.Ct.Cw.GCh.GCs: Ce. Cy
in which, - |
E, is ,th"e computed pan evaporétion equivalent to class A pan evaporation.
Kev iSs @ dimensionlees empirically'developed constant, the value of which is.
given by Chnst:ansen as 0.473.
R is extraterrestrlal radlatlon in the same evaporation units as E, and Ct ’
Cuw,’ Ch, Cs and C. are coefficients for temperature, wind velocity, relative

humidity, percent of possible sunshine and elevation respectively.

10



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 te
obtain the mean monthly values of C,. | | o

The values of C; mostly ranges between ‘0.90 te 1.10 and vary'from latitude

to latitude.

Each coefﬁcﬁent is represented by an equation wnich may; be’either a linear,
second degree or possibly a third or feurth 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 : | _
C: = 0.393 + 0.02796T, + 0.0001189 T2
in which, T. is the mean monthlyvtemperature in °C.

Cw = 0.708 + 0.00339W — 0.0000039W?
in which, W is the wind speed in km/day at 0.6 m height.

Chn = 1.25 - 0.87H, + 0.75H,% — 0.85 Hn?
in which, H, is the mean montnly relative humidity at noon eipressed
decimally .
of  Cuym = 1.25- 3.37Hp - 0.60 Hy |
in which, Hn is the mean relative humidity for the month expressed
dec_imally. |
The approximate relatienship between the H, and H,, is given by

Ho = 0.40 Hp + 0.60Hn? \

C, = 0.542 + 0.80S — 0.78S? + 0.625°
in which,'s is the mean sunshine percentaée expressed dec'imally. -

C. = 0.970 + 0.0000984E |

in which, E is the elevation in metres.

11



| For estimatirig evfaporation,‘ each coefficient may be once determined and

tabulated for a full range of values. Ttie values of R may also be tabulated for. each
month as a function of latitude. | | |

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

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

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

coefficients.

(3); Lowry-Johnson Formula

., Lowry-Johnson has given a formula to determine consumptlve use which is

as follows : » ,
€U = 0.00015H +.0.8

where |

CU = Consumptive use or water requnrements _

- H = Accumulated degree days during the growing season computed from
tl)e maximum temperature above 32°F, | '

The aboVé formula isfused to estimate .consumptive use for agriculture in
valley with the 'ai'd of linear relatio'nship between effective heat and consumptive'
use. Consumptlve use in a valley ora drainage area involves water losses from
non- agricultural areas also.

Lowry-Johnson method requnres the determlnation of an equivalentvvalley _
area” of an-agricultural land in order to arrive at the annual consumptive use of the

area in question.
(4) 'Hargreaves Formala _
Hargreaves suggested a formula for the determination of evaporation E,,

from which evapotranspirationl(ET) can be found out using the relation Er = K.E;,

in which K is a crop factor or crop coefficient.

12



The formula suggested for evaporation E, in metric units is as follows :

Ep=17.4D . Tc (1.0 - Hy)

in which,

E, = Class A pan evaporation in cms per month

D = Monthly day time coefficient.

Hn = Monthly relative humidity at noon express'ed in decimal form.
T. = Mean monthly temperature in °C.

The above formula can be rewritten with' modifications for the effect of
wind, sunshine and elevation as .
E, = 17.4D.Te. Fu. Fu. Fs. Fe-
where ,} |

Fy = 0.59 — 0.55H,2

Fw = 0.75 + 0.255 Wkd

or Fw = 0.75 + 0.125 yW;,

Fs = 0.478 + 0.58S
Fe = 0.95 + 0.0001E
Wi and Wy, 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-CriddIe Method

This method is suggested for areas where available climatic data cover air
temperature only. The recommended for.mula in this method gives 'reference crop
evapotranspiration (Etc) from which crop evapotranspiration (Evc) can be obtained
using the relationship Ex¢ = K X Ero, in which Kis crop coefﬁcient.o ‘

The recommended \r’elationships to determine reference crop
evapotranspiration (Ero) is expressed as : o

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

13



where,

‘Eto = Reference crop evapotranSpirati‘On in mmlday for the month ,

consndered |
T = Mean daily temperature in °C over the month consrdered
p = Mean daily percentage of total annual daytime hours.
c = Adjustment factor whiclh“ 'depends upon minimum relative humidity,

sunshine hours and daytime wind estimates.
~ Since the empiricism involved: in any ET prediction method using a single
weathers factor |s mvarlably high, thlS method should only be used when

temperature data are then only measured weather data available.

(6) Radiation Method

The radlatlon method is essentlally an adaption of the Makkink formula.
ThlS method is suggested for the areas where available climatic- data include
measured air temperature and sunshlhe, 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 usingp'ub'lished weather descriptions, extrapolation
from nearby areas or from local sources.

The relationship_ recemmended is ‘expressed as :

Ero = ¢ (W XRs) mm/day -
where,
Ero = Reference crop evapotranspiration in mm/day for the periods
 considered. o |

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. |

14



Rs can be measured directly but is frequently not available for the area of
investigation. In fhis case, Rs can be obtained from measured sunshine duration
records as follows | ’

Rs = (0.25 + 0.50 n/N) R, |
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 R, in mﬁw/day for
different months ahd latitudes may be obtained fl:am 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 yearé of record. ( |

A value of Ero 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 temperatare, humidity, wind and
sunshine duration or radiaﬁon are available, adopﬁon of the Penman methad |s
suggestad. vCompared to the other methods, 'this method provide the most
satisfactory resuit. |
' fhe ovriginvalf Panman equation predicted evaporation losses from an open
water surface. Later on modified Panman method was suggested to determine: Evo
involving revised wind function term. Tharéfore this method ié llso vcailed -as
“Modified Panman Method” for determination of ETO, i.e., ;eferenée cfop
‘evapotranspiration. Using this ETO, the _t:rop evapotranspiration Ey¢ can be obtained
using the relatioﬁship“ETc = K. Evo, where K is the crop coefficient. -

The recommended relationship in the Modified Panman Method can' be

expressed as :
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| _ETO- =-C[WR, + (l.—W)Qf(u).(éa —-ey) ]

Radlation . Aerodynamic
term : term '

- where, |
Efo = Reference crop evapbtrahspira_tion in hwm/day' |
W. = Temperature related weighiAng factolrr !
Ry = 'Net radiation in.equivalént’evaporation in~ mm/day
f(u)' = Wind related fﬁnction |
(gaAed) = Difference between th_c-,1 saiu ration vapour pressure at mean air
t'émperature and the m'ean‘actual vapour pressure of the air, both
in mbérA.A | o
C - Adj_uStment factor to compensate for the effect of day and night
weather conditions. |
| The relationship expressed above consists of two terms namely" fadiation
term ar'xd\ aerod_ynémic fefrn. The rélative importance of each term varies with
climatic conditions. The radiation term depends upoh mean temperature and

altitude while asrodynamie 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 hnder low evaporative conditions.

' 2,3 FACTORS AFFECTING THE CROP WATER REQUIREMENTS

Many factor:_s operate Sihgly or in cdmbination in influencing the amount of
crop water required for the crop grdwth. These effects may- differ with locality and
flug:tﬁate' from” time to time. The'rlimportant factors which influence water
requirements 'Qf crops ar\e.clir-'nate, water supply,'plant growth, rate of percolation
in the soil and method of irrigatidn sysfe;m adopted, Wpe of crop grown and the

type of soil.
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2.3.1 Climatic Factors
(i) Precnpltatlon

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 monsture The precipitation may be largely lost by
evaporation directly from the surface of the pIant 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 consumptlve use of water by crops in any partlcular Iocallty is - _
probably affected more by. temperature Wthh for a Iong tlme penod is a good' "
measure of solar radiation, then by any other factor. Abnormally fow temperature
may retard plant growth and unusually high temperature may produce dormancy.
Consumptive use may vary even |n years of similar tempera_tures because of

derivations from the normal seasonal distribution.

(ili) Humidity

Ev_aporation and transpiration are accelerated on the days of lovr 'humidity
. and slowed down during periods of high humidity. If the average relative humidity
percentage is low d‘u‘ring4 the growing ’season,.'greater.use of wa'ter by 'vepetation

may be expected.
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(iy) 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 ¢onditions 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 Iimited. by the ability of plants to extract and con\rey the soil

moisture through the plants.

(v) Advection

| Crops Agro'Wn in irrigation area"’S'surrounded 'I.Jy large areas of arid or semi-
, ario climate can receive additional enérg'y for ‘evaporatton 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 Amass ‘moves over irrigated areas that aretgenerall-y
“cooler, ‘energy contained in the air is as sensible heat which can be used to
evaporate water by vertical turbulent transfer. Thus an “oasis” effect is created.

_ This evaporation of water by vertical turbulent transfer may cause a
consuderable increase in normal consumptive use in arid areas. It is not to be of

significance in humid areas.

(vi) Latltude and Sunlight
Because of the earth’s movement and axial inclination the hours of daylight
'durgmg the summer are much greater in higher- aIt|tudes 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
dayand to produoe an effect similar to that of lengthening the growing period.
L Clouds or dust m 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. - ‘ o
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(vii) Plant Growth Stages and Growing Season -

The growing season has a major effect on the seasonal use of watelr by'
plants, actual dates of planting and crop maturity are important in determining
crop water requirements. | |

Other factors being equal the stape of a crop’s growth has a very
considerable influence on its consumptlve use rate. ThIS is aprtlcularly true. for
annual crops which have generally four distinct stages of growth.

(@) 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 requirerpent varies. At the
initial stage it is low and as the stage advances the requirement. increasee and itis

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

(vm) Types of Crop Grown
The crop water requnrements depends upon the types of crop grown.

Individual crops will have dlfferent water requirements.

(ix) | Irrigation System ‘ _
Depending _upon the irrigation system adopted,  the Water application
- efficiency will also dlffer and as such the total water reqwrement will also depend

upon |rr|gatlon system adopted

(x) Percolation and Runoff Losses
Soil conditions particularly permeability have important inﬂpence on water
requirerpents, in as much as they affect losses and westage. Highly permeable soils
such as some sandy types‘are' difﬂcult 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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24 - CROPPING SYSTEMS

CroppAing system is e sequence of crops groWn on a given piece of land over
a beriod of time.'It varies from region to region at macrolevel and from farmer to
farmer at microlevel,l and' gove_rned by complexities of socio-economic an-d .
ecoedaph_ic ‘factors.. Approximations, however, are possible to identify major"

cropping systems i'n e region or zone through available area estimates.

2. 4 1 Important Croppmg Systems |

On the baS|s of district-wise area under different crops during Kharif (rainy)
and Rabu (wmter) seasons, crops occupying largest area in respectlve seasons for |
each district were |dent|f‘ ed. The most prevalent cropping systems in the country
are 30. These could be categorised as rice-based, cotton-based, pearl millate-
based, sugarcone-based,' groundnut-based, sorghum-based, and soybean-based.
- The crooping systems, 'their area ahd contribution to national food grains

production for few are listed below :

Cropping System A.rea- : "~ Contribution

’ : , (Million Ha) - - (%)
Rice-wheat ' ‘ 9.77 _ 25.0
Rice-rice | : 212 50
Cotton-wheat 139 236
Pearl millet-sorgﬁum - 1.35 _ | 1.68

Maize-wheat =~ - T . 129 " 2.25
' Pearl millet-wheat =~ | 1.03 '1.72
Sorghum-sorghum I $0.74 1.65
Rice-gram 0.59 R . 0.80
Sugarcane-wheat - 054 ~ 0.86
Maize-gram - | 054 065
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2.4.2 Objectives of Cropping System

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

0

(i)

(iii)

(iv)

To improve the quality and yield of crops !

To introduce diversity of crops to supply raw materiéls to several
industries such as (a) sugar industries, (b) textilg industry, (c)"milk
schemes, etc., without affecting balance éf food crops in t.h.e area.
Ecénomic “utilisation of irrigétion v‘_supplies thus contrdlling the
contribution. éf seepage water to the subsoil as a preventive
measure.

To suit the soll, irrigation water and the climatic conditions of the

area with optimum benefits from agriculture. .

2.4.3 Factdrs Affecting Cropping System

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

area are :
(1)
(i)
(iii)
(iv)

v)
(vi)

(vii)
(viii)
(ix)
(x)

Availability of-land for sowing the crop. -

Rainfall in the area aﬁd its distribution.

Whether the scheme is productive or protective. | |

Suitability of the soils and the irrigation water for grpwing vparticular
type of crops. | ' '

Natural drainage of the area.

Cropping adopted under 'existing rainfed cultivation and under well
irrigation. |

Size of holding and family members.

Subsoil water table. :

Dietic habits of the people. |

The demand of industrial establishment for the particular raw

material.

21



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'bolicy of the state whether to protect th‘e rain fed .crops from failure of
rains or to achieve maximum efficiency in irriculture from the available water in the

project. | | |
| In thié study, the reference prpjeét 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 sugg_ésted by the AgricuI"tUre Department of M.P.

2.5 PROJECT PLANNING -

. In th‘evplanning, of an irrigation project, the production objectives must be
related to the tl)hysicaIA ‘resou'rce base, particularly climate, soil and water supply in
order to ensure that production propo_éed and yields predicted can be achieved and
maintained. Also, several technical economic and organisational factors‘must be
conSIdered to arnve at a technlcally sound, managerially workable, economically
and fi nanCIalIy V|able prOJect WhICh is at the same time in accordance with the A
development and productlon objectives.

- An important_ elementlin the evaluation of crop production under irrigation
is the available and required weter'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 t:rop_select'ed, the length of
growing season and the irtigated ac‘te'age. When available w'ater supply is limited,
productlon is determined by the extent to which full water requurements 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 efﬁtieney with which production resources can be used are
essential~ input t:onsiderations in the overall project planning. Selection of cropping

i
{
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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 tha_t can .be
considered. These must also match the available soil and water resoufces.

Planning of an irrigation project is a very complex one that too the
estimation of projéct irrigation water requirements. Sin;:e it involves the 4collection
and computation of data on the cropping system adopted, the growing periods of
- the crops, the'evapotransﬁiration réquirements of the crops, the precipitat.ion,
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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"Chap’ter 3

DESCRIPTION OF PROJECT

31 GENERAL

| Kolar pro;ect is an irrigation cum water supply project for provrdmg

irrigation to 45087 Ha of land in Budhni and Nasarullaganj Tehsils of Sehore dlStl’lCtn
of Madhya Pradesh and water supply to the tuhe of 34 million gallons per day to

Bhopal town. The project area is situated in the 'Sehore district of'kM'P The dam is
constructéd on Kolar river a tnbutory of Narmada river and it is about 1 km from

| the wllage Lawakhedi.

The dam site is approachable by roa‘d' and it is about 32 krh from"Bhopal._

~ The command. area of Kolar project lies between 22°36 ahd 22°53' Iatiltude and.

- 77°17' and 77°33’ longltude

The prOJect comprises of constructlon of an earthen dam on the Kolar river.
The total length of dam |s> 1340.50 m with a maximum height of 49.50 m. A
masonry gated spillway of length 141 m having a maximurn height of 14.70 m upto
crest level is prev.ided on the vrig'ht ﬂank to pass the designed peak ﬂeodv of 8605
cumecs. The gated‘st.ructure of spillway would comprise of 8 radial gates of size 15
mXSM[l _

The reservoir has a gross storage capacity of 270 4M Cum and Ii\re 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 Iength of barrage |s 1195 m with a
maximum height of 15.5 m. |

Two canal systems, one on the rlght bank and other on Ieft bank of the
barrage are constructed to cover a total area of 45087 Ha. Right bank canal covers
18515 ha andi left bank canal covers an area of 26572 ha of the command. The

command area is predommantly Rabl and principal Rabi crop is wheat. _Khanf 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~c]ischarge

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

The other important salient fea;ures of the Kolar project are as follows :

Location :

()  State : Madhya Pradesh_

| (ii) District | : Sehore
(iii)  Latitude | ': 22°58'N
(iv) Longitude :  77°21'E
v) 'Rivér : Kolar
(vi) Location =~ Dam site is aboyt 1 km frbm Léwakhedi village.

An index map of the Kolar project is shown at"Fig. 1. Page No. 26

Hydrology
Q) Catchment area

Upto dam site .

Between dam and barrage - :

(i)  Maximum rainfall
Ciii) VMir'ﬂmum rainfall

(iv)  Average annual rainfall

- Reservoir Data
(i) Top bank level (TBL)
(i)  Maximum water level (MWL)

(iii)  Full reservoir level (FRL)

(iv) ~ Minimum draw down level (MDDL)- :

(v) Water spread at FRL

- 25

508 sq. km
251.23 sq. km
2164 mm

495 mm .
1230.50 mm

465.50 m
463.30 m
462.20 m
432.93 m

© 2503 Ha
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(vi)
(vii)
(viii)

Dam Details

0]
(i)
(iii)
(iv)
. W)
| (vi)
(vii)A
- (viii)
00
)

_ Gross storage at FRL ~ : 270 MCum
Live storage' | Co 265 M Cum
. Dead storage o - : _5 M Cum
2' A
Total length of dam : 1340.50 m
Length of overflow portion - C 141 m |
Length of earthen dam - . 1199.50 m
Length of spillway o ; : 141 m

Maximum height of spillway upto crest: 1470 m

Crest level - 453.70 m

Number and size of spillway gates : | 8 No. (15mx 8 'm):
DeS|gned dlscharge of splllway : | - 6450 Cumecs

Slwce gate number and size . : 2 No. (2.25 m x 2 25 m)

De5|gned d|scharge through sIU|ce gates: 35 Cumecs

Barrage Details -

0}

(il
(iii)
(iv)
W)
(i)
(vii)

Canal Systems

OR
(i)

Location : 30 km downstream of the main dam near village

Jholiyapur, TehSll Budhm Distt. Sehore

Total Iength of barrage a 1195 m
~ Length of masonry portlon' 5 157 m
Length of_ earthen portion H ‘ 11038 m
‘Height of barrag-é-' oy " 155m-
Number and size of gates brovideq : 9No:;, 15mx90m
Deaigned discharge of barrage : 8314 Cumecs

Left bank canal Righf bank canal

Type ~ Llined . Lined

Bottom width 2.70 m " 252m.
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(i)  Full supply depth  2.25m 2.10 m
(iv) Side slopes 1:1.5 1:1.5
(v) Bed gradient 1:2050 1:1900

(vi) Discharge 16.40 Cumecs

(vii)
(viii)

18.60 Cumecs

Length 29.50 km 24.72 km

Area of irrigation 26572 ha 18515 ha

3.2 CROPPING PATTERN OF KOLAR PROJECT |

At the initial stage 6f planning of the Kdlar 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 croppihg pattern consists of Kharif as well as Rabi irrigation. The

suggested crobbing pattern is described below.

Area of

S. No. ~ Crop Date of Planting D(lg::iso)n Irrigation
(Ha)
: KHARIF , | .
11 Soyabean — 1KH 15" - 30" June |. 105 4509
2 Soyabean — 2KH 1t —15%uly |- 105 6763
3 Jowar — 1KH 15 — 30" June 105 4509
4 Jowar — 2KH 1% — 15" July 105 4509
5 | Cotton — 2KH 15 — 30% June 180 12254
o Total Kharif 22544
RABI _ ,
1 Wheat — OMV 16" 30" Oct |- - 135 11272
2 Wheat — 1MV 1% — 15" Nov 135 5410
3 Wheat — 2MV 16% - 30% Nov 135 11271
4 Gram - S2RA 16" -31%0ct. |~ 120 9017
5 Potato/Vegetables 1% — 15% Nov 105 451
6 Berseem 4 1% — 15% Nov 165 902
' Total Rabi 38324

Grand Total (Kharif + Rabi)
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The total area of Kharif and Rabi Cr’ops is 60868 Ha which is 135% of the -

net CCA 45087 Ha Thus the cropping intensity adopted at plannmg stage is 135%.
The crop water reqwrement is computed usmg aforesald cropping pattern
for 20 years (1960.t0 1980) and monthly average Water requirement is cal¢ulated. _
The total of the monthly atrerage water requirement gives the-quantum of water
needed to be stored. The ma)timum water requirement.in a particular month is the
base for the design ot the capacities ’o'f canal system.
The monthly average water requnrement 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- o " -

9.21 | 14.59 | 0.739 | 16.14 | 29.98 | 49.50 | 50.31 | 47.76 | 33.61 | 8.77 | -
ment in - o R .

M Cum

The total water requ’irement (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 reqwrement comes to 57.55 M Cum in the month of
N‘ovember 1960 which corresponds to an outlet factor as 0.77 litres/sec/ha.

As the- Kolar project was World Bank. aided .50 as per the guidelines
suggested by the Wold Bank the canals were desngned to carry their capacnty 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 desngn of left
bank canal and rlght 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 requil;ements due to changes. in climatic conditioné if any which takes
place in the command area of the projeqt. The initial planning of any irrigation
project begins with the computatiohs of crop water requirements and this is
computed on thé basis of previous climatological data availab]e at the planning
stage_. On the basis of fh'ese cfop water requirements, the nef irrigation
_'rel_'quirements v:and gross irrigation réquirements considering certain project
efficiency are f!ound out. | |

Thus the compute_d_ gross water requirements are useful to fix the
dischafging capaciﬁes of the canal system and the storage capacities of the.
reservoirs ih the i:aées 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 IM_D station to the comman.d area of the Kolar project,
and this data is processed to computé the crop water requirements.

Thus the computed crop water requirements will ultimately help to
determine the gross irrigation requirements and td finalise the carrying capacity of
the canal system. |

The methodology adopted to achieve the aforesaid goa! consisting of the

following steps :
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z
O CoI'Iéction of climatological Idéta like m_aximurr] . temperature,
minimum temperature, RH maximum, RH r_riinirhum, c_loud cover,
wind speed, monthly rainfall etc. for the Hoshangabad station from
the Indian Meteorological Department of India. |
(i) ' Computations of reference crop evapotranspiration (Ero) by modiﬁed
Panman method. | |
(iii)  Selection of crop coefficients for the various crops suggested under a
~ cropping systém. ) R
(iv)  Computation of cohsumptive use and gross éonsumptive .use.
(v) Cofn putations of net irrigation reqhirement.
- (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 'cépa‘cities. , 'A

Each step is described in details as below.

e

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'h-aving a.latitude of
22°46’ and longitude of 77°46'E. This observatdry is maintained by Indian
Meterologiéal Department, Govt. of Iri_dia. The monthwise -cl_imatologicél d,at'a from
1984 to 1999 related with max. témperature, min. temperatufe; max. rel'ative
humidity (RHma){),v min. relative humidity tRHm;n), monthly rainfall, cloud cover; wind

speed, etc. far the Hdshangabad station are collected from their regionalA office at

Nagpur.

Thesa monthwise climatological data are at Annexure No>. 1. Page No. 84-95.
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4.1.2 Computation of Reference Crop Evapotransplratlon (Em) by
Modified Panman Method |
As already mentioned in the Chapter II of this study that for the areas
where measured,, data on temperature, humidity,‘\rvind and sunshine duration or
radiations, are available the modified Panman method is accepted to give the
satisfactory result. This methcd would offer minimum-possible error of +10% in
summer and upto 20% under low evaporative conditions.
Due to this reason, the Modiﬁecl Panman method is adopted in this study.
The relaticnship recommended 'in"the Modified Panman meth»od is given by
| Ero=C[WR + (1-W). K) . (ea—es) ] |
where, |
| Ero = Reference crop evapotransplratlon in mm/day
W = Temperature-related weighing factor
: _lf(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. .
.. ¢ = AdJUStment factor to compensate for the effect of day and night

weather conditions.

4.1.2.1 bescription of Variables
(a) Vapour Pressure (e, — ed) |

A|r humidity affects ETo Hum|d|ty is expressed as saturatron vapour
pressure deficit (e, ~ eq), i.e., the difference between the mean saturatlon water
vapour pressure (e,) and the mean actual water vapour pressure (eg).

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 hrsis 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 Ero has been studied for different climates resulting in
a wind function [f(u)] given by an expression as
fu) = 0.27 (1 +U/100) o
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 wmd .

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

(c) Weighting Factor (1-W) _
(1-W)'-is' a weighting factor for the effect of wind and humidity on Evo.
Values and (1-W) as related to mean temperature and altitude are avallable in the

ready reckoner table given in FAO-24.

(d) Weighting Factor (W)
W is the weighting factor for the effect of radiation on Ero. 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 radlatlon or -sunshine hours (or degree or cloud cover),ﬂ .

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
Res = 0.75R,
= (0.25 + 0.5 n/N) Ra
and  Ru = f(T)x feq) X F(n/N)
where, | o
R., is net shortwave radiation
R, is solar radiation ‘
R, is extra terrestrial radiation ip mm./dayA and dependent on latitude and
time of the year only.
‘ "n/N is the, ratio of actual (n) to maximum p055|ble (N) sunshme hours

Rn is net Iongwave radiation and can be determined from avanlable
temperature M), vapour pressure (eq) and ratio n/N.
f(T), f(eq) and f(n/N) are the functions of tem perature, vapour pressure and

ratio n/Nj and can be determined.from the tables évailable. :

(f)  Adjustment Factor (c)

,The Penman equat|on glven assumes the most common conditions where -

radiation is medlum to. high, maximum relative .humldlty is medlum to h|gh 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 applylng adjustment factor (c) to the Panman equation.

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

Uday and Uday/UnIght

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 evapotransplratmn (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.
7 The climatic data of Nov. 1984 is shown at Annexure No. 1, Page No. 94.

and this data is used to calculate Eto.

Steps of Calculations |

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

(2)  Minimum air temperature in °C = 14.7 (froh%".climatic data) . -

(3) Mean air temperature in °C =(27.5 ;1-14.7)/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 (RHméx%) = 60 (from climatic data)

(6) Minimum relative h'umidity (RHmMin%) = 46 (from climatic data)

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

(8)  Actual vapour pressure (eq) = (e. x RHmean)/100 | B
= (25.05x53)/100 = 13.27 (calculated)

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

( iO) 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 ‘clirhati‘c.: data) v

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

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

| November in northefn hemisphere = 10.948 (From Table No. 10) '

(15) Short wavé radiation R; = (0.25 + 0.5 n/N) R = 6.733 (ca!culated) ‘

(16) Ry = 0.75@5 = 0.75 x 6.733 ='5.049 (Ealculatéd) o |

(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(eq4) corresponding to
eq = 13.27 = 0.183 (from Table No. 14) )
(19) Fu_nction'of: sunshine duration f(n/N) corresponding | |
to n/N = 0.073 = 0.76 (from table no. 15).
(20)  Net longwave radiation Ry = f(T) x f(eq) x‘ f(n/N) = 2.061 (calculated)
(21) Net radiation Ry = Res — R = 2.988 (calculated)
(22) Average wind speed in km/day (u) = 69.6 (climatic data)
(23) Average wind speed in m/‘sec” 4= 0.80 (calculated) |
(243 Wind functlon f(u) = 0.27 (1 +v/100) = 0.45 (calculated)
(25)' AdJustment factor 'C’ corresponding to RHmax = 60%, R. = 6.733,
Uday = 0.80 and Uday/Unight = 1 .= 0.965 (from Table No. 16)
(26) W xR, (mm/day) = 2. 112 (calculated) ‘ '
(27) (1 — W) x f(u) X (e,—ey) .= 1 553 (calculated)
(28) ' Eto = C[ W xR, + (1-W) x f(u) x (es-e4)] in mm/day = 3.53 (calculated)
(29) - Monthly Ero (mm/month) = 105;9 (calculated)
Thus, monthly Ero is ealculated for each month. of the year from 1984 to 1999.
" The yearwise E-m calculated ere at Table No. 1, Page No. 46-61.
An abstract titled “"Computed yearly reference crop evapotransplratlon (Eto)
4by Modified Panman method” is also prepared WhICh is at Table No. 2, Page
No. 62.
Monthly average Ero and daily ETo are derlved from the aforesaid monthly
average Ero, which are shown in Table No. 2, Page No 62.
These computed dai‘ly Eto values for different months are then used to
compute the crop evapotranspiration (E'I"-cmp) which will be described in the coming

paras.
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4.1.3 S'election of Crop Coefficients for Various Crops Suggested Under
‘ a Cropping System ‘

The crop coefficient K. establishes the relationship between. crop
evapotranspiration (El'c'mp)'and the reference crop evapotranspiration (Ero). Thus,
knowing crop coefficient K and Exo oneé can calculate the crop vevapotranspiration
(ETerop) Which is nothing but the water requirement of the crop . -

Mathematicaily, the relatlonship between Ei'c,op, Ero and Ke IS glven by

ETerop = Ke X ETo

The values of K; varies with the development stages of the crop. Usually
four stages occur till the full development of any ;:rop. These are '

(i) | Initial stage |

(ii)  Crop development stage : B ‘

(iii) 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 K. for the dlfferent 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 beiow.

. _ Values of K. i '
Nso. . - Crops IsrtILt;ael ; 'deveci:;;l:nent sebgls%n . 's::st.oen'
‘ __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 . 0700 | . 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 brepared for
crops namely" soybearf-lKH,h soybean-zKH,_ jowar-1KH, jowar-2KH, cotton-2KH, |
wheat-0MV, wheat-1MV, wheat-2MV, gram-S2RA, potato/vegetables and berseem. |

| These computation sheets titled “Estimation of crop water requifement” are
at Table No. 3, Pége No. 63-73.

Thé duration of each crop is divided into growth stages and the nurhber of
days in each stage are distributed into successive months starting from the sowing
month. |

For example : Crdp-soybean-iKH- has its dur;tion as 105 days, growth
stages (days) — 20/30/30/25 and sowing time 16" — 30" June. Then its duration is

divided as follows :

June ‘ July - August | September
16th _ 30th 1st - Sth 6th - 315t 15t~— 4th Sth - 315t 1st - 3rd - 4th - 28th

15 days 5 days 26 days = 4 days 27 days 3 days 25 days

~ I / . - > L -~ S — /
Growth stage 20 days _ 30 days » 30 days 25 days
(days) - ' : : :

The computation sheet at Péée No. &3. shows this type of distribution of
the duration of crdp soybean-1KH. The distribution is necessary because the crop
coefficient (K.) varies with the growth stage. '

Such type of distribution of dljration according to Qrowth ﬁtages is carried
out for éach crop and shown at the respective'sheet for that crop (Page No.

63-73). ~ : | _ -
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Step by step computations carried out in these sheets are explained below :
The computation sheet of crop soybean-1KH af Page No. 63 is taken as

example sheet for the explanation of each step.

Step atS. No.1:
- Eto (mm) = Daily Evo X No. of days ‘

Here, daily Eyo refers to daily Ero (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. |
ed. FEr = 6.76x15 .= 101.40 mm in the month of June.
Here, 6.76 is fhe daily Evo for the month of June, and

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

Step at S. No. 2:

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

4.1.3 selection of crop coefficient at Page No. 37.

eg. K= 04in the month of June according to initial stage of growth.

StepatS. No. 3:
Consumptive use (Erc) = Ero X Ke

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

Step at S. No. 4:
Presbwing : 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 val.ués are
adopted. This amount of Water is applied before sowing.

In the example sheet of soybean-iKH presowing is taken as 75 mm as it is

a Kharif crop.

39




StepatS.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 the consumptive use (Eyc) 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 soail monsture adjustment comes
as 53.86 mm im 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 >compu'ced

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 . i .30
7 Wheat — 1MV 30
8 ‘Wheat -2 MV . N . . 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).
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StepatS. No. 6:

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

and 5. . . . P
e.g., . 4056 + 75 + 0 = 11556
At At -At At

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

Step at S. No. 7 : . .

Rainfall : Thié is the monthly rainfall occurréd. 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 examplé 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%

StepatS.No.8:
Effective Rainfall : The fraction of rainfall, which is effective and usefully h
available for the plant usé'is termed as effectivé rainfall and is smaller than the.'
measured amount of raihfall in the area. | | o

FAO, Irrigation and drainage paper no: 25 (1975) provfded a table to
compute the efféctive rainfall using the mean monthly fainfall and mean monthly
consumptive use -data. 'This table is used to.compute the effective 'rainf’%jl by
~ interpolation technique under this study.

For the example sheet of soyabean-1KH, the mean ‘monthly rainfail of'92.9
mm of Juné 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 Irrlgatlon Requlrement : This is equal to Net |rr|gat|on requirement
lelded by the project efficiency. In this study, the pro;ect efficiency in the Kharif
season is adopted as 42% 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 A ; ' |

GIR' = NIR)0.42 =’ ?5/0.42 .= 178.57 .rnm for the month Qf June.

Step at s No. 11
Water Requ:rement for Sowmg Area (Ha- m) : This mducates the water
reqwrement for the sowing area of the crop in Ha-m. A

For. the example sheet of soyabean-lKH the sowung area is 4509 Ha. So.

water requ:rement is

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

Step at S. No. 12 ; |
Water Requirement for Sewing Area (M Cum) : This is the water réquirerhent
for the sowing area of the crop in m|II|on cubic meter (M Cum) It is 51mply a
conversnon of figures in Ha- -m obtalned in the step at S. No. 11 into mllhon cubic
meter (MCum).

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

For the.vexample‘sheet 'of_ soyabean-1KH, it is given by

 805.17/100 = 1 8.0517 M Cum for the month of June.
In this way 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.titied, “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 - requurements 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 showh in the above mentioneo Table No. 4 at pa‘ge

No. 74.

4.1.8 Computation of outlet Factor, i.e., Area Irrigated por Unit Volume
of Water and to Check Canal Carrying Capacities ‘ |
The outlet factor is defined as the area irrigated per unit vol.ume of the
water released for irrigation. This outlet factor is useful in deciding_ 'the'carrying
capacity of the canal systér_n. |
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 46578 Ha.
| ' 40578
68.195 x 10° / 30 x 24 x 60x 60

So, outlet factor =

= 1542.31 Ha / Cumecs '
The carrying capacfties of the canal system of Kolar project is to be worked
‘out using the outlet factor{ as 1542.31 Ha/cuméos computed abova. |
As mentioned in the chapter of ‘De_scri ption of Project’ that Kolar project has

two canal systerﬁ namely left bank canal and right bank canal designed for the
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capacities of 18.60 cumecs and 16.40 cumecs respectlvely

These canal systems has area of irrigation as 26572 Ha and 18515 Ha. So
adopting outlet factor as 1542.31 Ha/cumecs, the capacntles of left bank and right
bank canal systems are : A _—
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.



Chép’ter 5

5.1 RESULTS

" RESULTS AND DISCUSSIONS

~

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

below :

1)

(@)

3)

(4)

(5)

(6)

The reference crop evapotranspiration (Ero) for each month of the

years 1984 to 1999 is computed by ‘Modified Panman Method’ using

the climatological data of this period. These tomp_utations are at

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

Based on the monthly Eros computed as mentioned above, an
abstract titled ‘corhputed 'yearlfy reference crbp evapotranspiration
(Ero) by modified Panman method is prébared which is at Table No.
2, Page No. 62. 'This abstract shows monthly average Eto s as well as
daily Ero (mm/day) for each month.

Using the dai.l"i/ Ero | values worked out in the above step, the

estimatio_n of Crop water requirement for each crop is worked out.

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

Based on above computation sheets of ‘estimation of crop water
requirement’ for all crops, an abstract titled ‘mdnthly estimated crop

water requirement’ is prepared which is at Téble No. 4, Page No. 74.

‘The abstract at Table No. 4, Page No. 74 as mentioned above, shows

‘that the total water féqulrement for the: éntire command area is

worked out 287.343 M Cum.

,T'he water reqUiremﬁent calculated at the initial planning stage was

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

watef requirement is obtained which is about 10.21%.
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(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
plannmg 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 18.60 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 requnrements for the
entire command ‘of the prOJect has increased by 26.643 M Cum as compared to
that adopted at the initial Kplanning 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 avallable vyater is hmlted due to Kolar pro;ect being a storage project and

having its storage limitations. '

In such a srtuatlon to get the optimum results the only way remalnlng is to
|mprove the |rngat|on effi C|ency and control the cropplng pattern.

- The lrrlgatlon 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 llnmg 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 selectron 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 fequirement of crops
and the highest water utilization effi iciency that can be obtained from the available
water supply The water allocations of limited supply would be directed towards
meeting the full reqmrements of the crop during the most sensmve 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 lrrlgatlon efficiency of the system and by controllmg
the croppmg pattern, the deficit arrived in the available total water due to
lncreased 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 reseNOir 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 del'i-vered for
irrigation.

But in.the case of diyersion scheme where water is diverted directly from
the river hav1ng sufficient quantum of water to meet out the increased water
- requirement, the adequacy of the canal system might play |mportant 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 Eros defived from the historical data
| and also average values of Etos were adopted at initial planning stage due to
 common practice. Instead.of adopting average values of Ergs, frequency analysis
" may be done for the historical climatic data (10 years or more) and the value of
Ero selected for crop water requirement than be .based on probability of 75 or 80
: percent.!» ’ '
By adopting Eros based on frequency analysis in any planning and design, of

~ irrigation project ‘may reduce the failure chances.
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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 éhange observed in the climate will

dlrectly affect the crop water requnrements and ultlmately the dlschargmg capacity

of the canal system and the area to be irrigated.

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

(1)

(2)

@

(4)
(5)

) -

(7)

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 Meteoralogical Department of India.

~Computations of Reference Crop Evapotranspiration (Ero) by

“‘Modified Panman Method’ -as SUggested in FAO Irrigation and

Drainage paper No. 24.

Selection of crop coefficients (K.) for the various crops suggested

' ﬁ.lnder -ac‘ropping pattern.

Computation of consumptive use and gross consumptive use
Compdtations of net irrigation and grose irrigation requirements.
Monthly estimated crop water requirehents and total water
requirements for the entire command.

Computation of -outlet factor, i.e., area irrigated per unit volume of
water to check the adequacy of ‘.the carrying capacity of the canal

syste}n.
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After carrying out the abové steps, the results of the study shows that the
crbp water requirements for the entire command of thé project haé ir;crease_.d by
26.643 M Cum as compared t6 that adopted at the initial planhing stage. Resulting
to which the crop yields will decrease as available“' Water is limited. The canal
system haé adequate capacities to meet out the increased crop water
requirements. )

~ As the Kolar project i; 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 iand

control the cropping pattern.

6.2 CONCLUSIONS

The various conclusions drawn after carrying out thé 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 crdp v_vater".
requirements.- Therefore, crop water requirements éhOUId be c%af(ried
out t;ime to tirpe so that the optimum crop yiélds may!be pbtained by N
timely management by improving irrigation efficiency and controll.i.ng

croppihg pattern.

(2) In the case of increase in crop water requirements is observed, the

~adequacy of the canal system to ‘supply the increased water .

requirements should be checked especially in the diversibn schemes
in which the river has sufficient water to meet out the increased
water requirement. o ,

(3) In view of even. increasing foodproblem and t’h;e !imit%gd .vlva'ter '
resources,, fhe accurate. estimation of crop water requirements A'is
quite essential to conserve and utilise the available water resources

to the be§t of man kind.:
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(4)

)

PIanmng of an lrrlgatlon project is a very complex one that too the

estlmatton of crop water reqmrements of the project since it involves

'varlous parameters such as cropping pattern to be adopted, climatic

data, consumptive use of crops, watér application efficiency, special
requirements, e g., hursery, Ieachmg, etc.

Y these parameters vary from -region to reglon -and thus
every project is a separate entity. |
The entire procedure laid down in the study may be helpful in

planning and design of any new irrigation project.
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