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CONPUTATIOR OF S0IL VATER BALANCE AND ITS APPLICATIONS
IN RAIRFRD AGRICULTURE
Piara Singh

8011 water Dbalence is sn importent parameter for aumerous
applicetions 1in agriculture, forestry aend hydroloegy. Soil
soisture plays en important role not only for plant growth,
development and yields but also for fare operations and practices
ssch a9 planting, cultivotiont harvesting and 1irrigation.
Vearious climatic, soil and plant factors affect water balaace (or
components of wveter balance) in soil. Climatic factors are
reinfall (amount, dureation and {ntensity) sad potential
evapotrenspiration of a location, Main so0i]l factors are intake,
storeage and release characteristics of a soil. Plant fectors are
crop cover (leaf area index), rooting and water - transport
characteristics of @ crop.'

Study of vater bslance is fundamental to optimise the use of
reinfall for «crop production especially in the rainfed farming
aress. Since rainfall in tropical areas is undependable in terms
of its amount, intensity and durstion, it is very important to
characterize soil water availability (i.e., when, where snd how
much wvater is available in the soil profile). This helps match

the cropping duration with soi]l water svailability period send
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quantify the risks 4iavolved {n crop production. Aaother
cosponent of veter bslence which is rether equally important 1is
renof{f or veter loss (runoff ¢ drainage). This wvater could be
made availadle for plant growth o; other purposes by water
harvesting in fers ponds.

There sre severs] kind of wvater bslance models svailable in
literature which vary in cosplexity depending upon the ;ntcndod
sse of the model. The purpose of this paper is to reviav verious
approsches found in literature to quantify or estimete the
components of wvater balance and to give exssples on the use of
vater dslance models in agriculture,.

SOIL WATER BALANCE NODEL
The Dasic components of the soi]l vater balance sodel asre (1) the
sdditions of wvater (precipitation or irrigetion, and vanrd or
latersl movement), (2) the losses of water (evapotrsnspirstion,
surface runoff, ground vater flow and deep percoletion), and (3)
the change in the plant available water or extractable water
content. The components are not independant but are imterrelated.
For ciluplo. asount of runoff depends partially on the rainfsll
intensity, hydrauvlic properties of the soil, and surface wvater
content. Quantitatively, the vater bslance could be represented
by the followving equation, i.e.,
Pe+IaR+D+E+ T+ M

Where P = Precipitation

I = JIrrigstion

R = Surface runoff

D « Deep drainage



B o Soil evaporation
T = Trenspiration
M o Chenge in soil vater storage

Precipitation or irrigetiod ere usually wmeasured and

other components of wvater balance sre estimated.

Poteatisl evepetrenspirstios: To estimate the lose of water fros
soil as evapotranspirstion, it 1e important to knov the
eveporeting pover of the onviron;-nt vhich {s aleso termed as
potential evapotranspiration (PET). According to Penmen (1948),
PET 1s defined es the maximum quantity of wster which wmay Dde
evaporated by s uniform cover of dense short grass vhen vwvater
supply in the soil is not limiting. This method has been asdopted
by PAO (Prére and Popov, 1979) with slight wmodifications for
their vater balance studies. Climatological records of
temperature, vapour pressure or relative humidity, sunshine

duration and wind speed will allow the calculation of PET, The

Penmen forsula reads as follows:
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Where PET = estimation of the potential evapotranspiration
for a given period, expressed in mm;

P. = mean atmospheric pressure expressed in millibars
at sea level;

P = mean stmospheric pressure expressed in wmillibars
as 8 function of altitude for the station vwvhere
the estimate is celculated;

A = rate of change with temperature of the saturstion
vapour pressure expressed in millibars per degree



Y = the peychometric coefficient for the psychometer
vith forced ventilation = 0.66;

0.75 and 0.935: factore expressing the reduction in the incoming
short wvave rsdietion on the evaporsting surfaces

and corresponding respectively to an slbedo of
0.25 snd 0.05; .

lA - short wave redietion received at the limit of the
atmosphere expressed in am of evaporable water
(] ms « 59 calories) snd takin‘lfor gpe solar
constant the value of 2.00 cel.cm .ain :

coefficients for the estimation of totel
radiation fros the sunshine durstion (s = .25
and b = ,45);

e and b

n - sunshine durstion for the period considered in
hours and tenths;

| - sunshine durstion sstronosicelly possible for the
given period;

ati - Blackbody radiation expressed in ma of evaporable
vater for the prevailing air temperatyre;

e, =* ssturation vapour pressure expressed in
millibars;
¢ = vapour pressure for the period ° wunder

consideration expressed in millibdars;

g
]

eir tempersture measured in the meteorological
shelter and expressed in degrees Celaius;

Tﬁ - air temperature expressed in degrees Lelvin where

0
T

- mean wind speed at an elevation of 2 » for the
given period and expressed in m/sec.

- T: + 273;
Ul/u
Priestley-Taylor Formula

Priestley-Taylor method 1is wused where ET is energy limited
occuring from vell-watered surface during non-advective
conditions. Several investigators (e.g., Jury and Tamner, 1975;
Lanemansu et ll., 1976) have successfully shovn that Priestley-

Taylor (1972) formula estimates ET for conditions of asdequate



vater snd leeaf area index ) 2.5, which 1s given as

T - a [S/(S#?)]R“

Vhere o is proportionslity constany for a particular crop and
climate and incresses vith advection; y is psychrometric constant
( s/°X ) at mean temperature, and Rn is the 24-hour radistion
(ma wvater/day).
PET froa Clase 'A' Pan
To calculate PET, the following forsula ss auggested by Penman
(1948) could slso be used

PET = oL

Where a is sn empiricsl coefficient that depends upon the
crop snd stege of plant development and Eo 1s daily class 'A' pan
eveporation,

Rstimatios of sctusl evapotramspirstion
There are tvo approaches wvhich are generally followed in the
estimation of sctusl evspotranspiretion:

a) Estimation of ET using crop coefficients and soil dryness

curves,

b) Estimation of evaporation and transpirstion sepsrstely
since these are two different processes (one physical
another physiological).

a) Estimation of BT using crop coefficientst

Penman PET may be said to refer to the ET of a given standard
plant under sdequate water supply conditions, It 1s found that
sctual crop PET is related to PET with & <correction factor

usually termed "crop coefficieat”™ KC (Jensen, 1968) thus:



PET .o = Kc.PET

The velue of kc is crop specific (Gomses, 198)) hence varies over
the grovwth cycle (Fig. 1). These vrlucl vere originally defined
by experimental work and datails to} so8t crops cen de found 4n
Doorenbos and Pruit (1977).

To cealculate actusl evapotranspirstion (ET), Ptﬂcrop is
edjusted according to soil wvater svailsbiliey, For this purpose
plant evsileble wvater is considered to be the total gsmount of
veter from field capscity to permsnent wilting point.
Contradictory view points exist on the sveilability of gotl
msoisture (Fig. 2). Using the appropriete curve in the Figure 2,
actuwal evapotranspiration (ET) ie calculated as follovs.

Available wvater
PT @« cocae- commeem e — o Z.Kc.PET
Available vater capscity

Where Z is the adjustment factor for different :yp.‘ of soil
dryness curves.

b) Separste estimstions of soil evaporetion snd tremspirstion
Soil eveporation: Evsporstion (E) fros the so0il surface is
separated into twvo steges - constant rate and the falling rate.
The constant rste stage of soil evaporation depends upon the
amount of energy the soil surfece receives because the surface is
vet and evaporstion is limited by energy (Ritchie, 1972). The
fraction of energy (1) supplied to the soil surface depends on
crop cover or leaf area index (LAI) and is given by

Te Rna/Rn = exp ( ~-.398 LAl)
¥here Rans and Rn is 24-hour net radiation at soil surfsce and

sbove the croep canopy.
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Fig. 1. Variation of the crop coefficient (K¢) over tha different
phenological stages: from initial (IN) to reproductive (RE) and
maturing or yield formation (MA). Fl, F2 and P13 are characteristic
points of tha cycle which, together with K1, K2 and K}, allow the
interpolation of ths intermediate values of K.. The vield Teduction
factors are Rl through R3, In genaral R2 (s highest (Commss 198)).

% 0 7 #H B & »®» 2 W 9
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Fig. 2. Various proposals for the relationships between
AE:PE ratio and available soil moisturs (Bajier and
Robartson 1966),

7



Thus the s01l evaporation during the constant rete stage
(R1) 18 calculsted by

El = T (PET) = am/day i ierseeieean . (1)

During the fslling rete stage, woil evaporation (E2) depends
wpon the wster transmitting properties ( c ) of wsoil and 1o
expressed as

E2 - [cth- ¢ (t-1)% ] « amn/day e ciies e (2)
vhere t is the days into the falling rate stage.

The progrem e inftialized using equstion 2 to compute E2

snd continues to use E2 until a rein exceeds or equasls 6 sm, 1t

then ewvitches to equation ] to compute E]. El is computed esch

dey wunti)l ite sus ( LEl) resches s threshold value U (which
depends primarily on soil texture) then it uses equation 2 asgsin.
An additionel limitation is that there wosust be ‘energy to
evaporate the vater, therefore {f F2 is greater then El, than E2

is considered equal to El.

Potential trasspirations (Tp):

Ritchie and Burnett (]1971) have shown that when water movesent to
the plant roots is not limited, the evaporation rates from
developing cotton and grain sorghum canopies is given by

Tp = PET (-0.21 + 0.70 LAIY) when 0.1 ¢ LAI ¢ 2.7

The nonlinearity of the relation between Tp and LAl is the result
of at lesst two interscting factors: (!) less competition for
radistion per unit of lesf ares during initial stages of plant
growth and (2) the partitioning of a large fraction of net
radiation at the dry soil surface betwveen plant rows to sensible

heat flux causing increased canopy temperature and consequently



tacressed Tp (Ritchie and Burnett, 1971)., Upper limft 01'1.7‘91
LAI represents minimus LAI necessary for full cover of cenopy.
For crop cenopies with LAI > 2.7, Tp « PBT. Whea LAl ¢ 0.1, TP
is considered negligidle, Kenemasu o% ol. (1976) using Preistley~
Taylor (1972) formula calculated Tp as follows:

Tp » o (1-1) [#/(s +Y)] Rn vhen crop cover < 30%

Tp = (0~ 17[e/Co + Y)] Rn when crop cover > 3502

Vhere a_e (a- 0.5)/0.5 |
Isfluence of s0il water content on transpirstion:
Ritchie (1973) reported thet transpirstion f{rom sorghus or corn
is not sffected by soil water deficit until the aveilable wvater
in the root <czone 1is less than 0.3 of the maximum aeveilable
moisture content ( Smax). Thus vhen aveilable water conteat in
the root zone 4s betveen | and 0.3 of the saximum, actual
transpiration (T) 1s considered equsl to Tp. When availabdle
vater content is less than 0,3 of the saximum then

T « TP 64/0.3 Emax
Where 6a 1s the actusl svaileble water content {n the root
zone,
Advective contribution:
Since Priestley-Taylor (1972) method is not good for accounting
wvater loss from the crop by sdvective energy, CKanemssu et al,
(1976) approximated advection (A) sas

Ae0,1T Teax > 33°C for sorghum

A s 0,257 Teax > 31°C for soybean,

Then ET « E + T + A



Sertsce Reneft:

Whes rainfell occurs some wvater oftes rusms off end becomes
sneveilable to the crop. Therefore to estimate the recharge of

soil oprofile it is important to estimste amount of runoff that

occurs vith esch rainstors. Various spproasches have deen used in
vater balance modeling. Some models do not consider runoff and
deep dreinage separastely, Any smount of water {nput” into the
soil efter the o1l profile 1s full to 4ts wexisum storege
capacity (field capacity) is considered eo vater loss (runoff +
deep drainage). Rovever, in some wsodels the runoff or
infiltretion is estimated to calculate profile recharge.
Kanemasu et al. (1978) celculates effective precipitations (Pe)
and runoff as follovs:

Pe » i" vhen R > 1.0 inch

Pe » R vhen R ¢ 1.0 inch

Therefore runoff « R - Pe
Baier et ol. (1978) wuses &8 simplified relationship between
moisture <content in the top soil zone and daily precipitation
totsl to estimate infiltration intco the =o1l, On days with
rainfsl)l ¢ 1.0 inch the total amount of rainfall is considered to
infiltrate 4into the so1l. On days with rainfall » 1.00 1inch,
infiltration (Jnfl) 1nto the so01l is less than the daily
rainfall, Dbecause it is limited by runoff 2s 8 function of
rainfall and the moisture already in the top zone of soil, and is

computed as:

Infli « 0.9177 + 1.811 log RRi - 0.97 !sj(i-1)/cj] log RRi

10



¥here RR{ e rainfall (isches) on day |

$J(1-1) = soil moisture in the Jth sone on dey 1-l

Cj = svetladle vater capacity of the Jth sone
J =]

The resainder of the daily reinfall is assumed to da lost as
resoff.

Villiams et al. (1984) uses §CS curve nusber (USDA, 8oil
Coaservation Service, 1972) equation to calculate runoff in their

BPIC (Erosion-Productivity Impact Calculator) model which s
briefly deecrided as:

(R-0.25)

WVhere Q i» the daily runoff, R is the dasly reainfall, and S is »

retention parsmeter. The retention parsmeter is related to soll
wveter content vith the equation,

Sw

S = OSax {l - )
SW ¢+ exp [W] - W2 (SW)]

Vhere SW 1is the soil water content in the root zone w®sinus the
vilting point (-15 bar). Smx 1s the maximum value of S, W] and
W2 are nhap; parsmeters. Values for Wl and W, cre cbtained fros
the simultaneous solution of th> above equation assuming that § =
Smx at wilting point and S = 5% at field copacizy. At ssturstion
S is alloved to approach 1ts lower limit of zero.
Profile vater recharge and drainage:
In the water bslance models soil profile is either considered as
s single layer or divided in to discrete layers of either unifora
or varisble thickness to represent the soil below the totsl

rooting depth. The infiltration and redistribution of water

11



throughout the layered wsoil profile is often trested ia two

rather different procedures.

In the simple wmethod the infiltrated wvater 4is freely
transsitted to lover layers by |r|v;ty or out of the profile {f
it wvas the lover most layer. The upper limit of vater for esch
layer 4» et at field capacity. When the antecedemt water
content plus inflov of vater exceeds field capscity of that layer
then the excess wvater is allocated to next lover layer. This
process 1is repested for all layers and excess vater from the
lovest layer is considered as deep drainsge. In this wmethod
upverd movement or redistribution of vater is not alloved wunless
it 48 en added festure.

The osecond method is to treat the layered soil profile by s
solution of the Darcy's unssturated flow equation in vﬁich each
layer 1i» sssumed to be uniform in moisture content, cespillary
pressvre, and unsaturated conductivity. Mathematicsl solutions
vary from the sisple finite difference with large time steps to
finite element vwith near analytical results. This treatment of
water flov can be wused to represent nearly all situstions
including upwerd or downward flow between layers, widely varying
characteristics within the profile, time distribution of
infiltration and redistribution smong layers, water tables, and
plent wvater withdravl, The choice of which soil wvater wmovement
calculetion to employ depends upon the accurscy required. For
readily drained soils where withdraw! of water by the plant
dominates the wvater profile development and casual accuracy is

required, the free flowv procedure would be adequate.

12



Root extraction:

Bxtraction of water from verious layers is generslly computed

based upon root distridbution and relative wveter content, vhich is

given by

Tl = Tp(S1/Cl) RC)
Vhere Tl =« actuasl transpiration from layer !

Tp = potentisl trenspirstion

S] = actusl aveilable water in layer |

Cl « aveilsble water capacity of layer !

RCl1 = active root concentration expressed as ability of

roots to extract available soil vater and 4s a
function of time and varies from O to 1,

SOME EIAMPLES OK THE APPLICATION OF WATER BALANCE MODELS 1IN
AGRICULTURE '
Water balance models have been used by various workers for
seversl purposes. Some examples of its use in rainfed
sgriculture ere as follows:
1) Length of the groving season.
Virmani (1975) used WATBAL (KXeig and McAlpine, 1974) to derive
estimates of veek-to-week changes in available sotl moisture in
relation to potential evaporative demand. The duration of the
crop growing period in the Hyderabad region ss determined by
total available so0il moisture was estimated (Table 1), The data
shov that on shallow Alfisols (AWC = 50 am) the length of the
groving season fluctuates betveen 12 and 2! weeks, on deep
Vertisols (AWC = 300 ms) the duration varies from 20 to 31 weeks,
Thus, soil type plays a dominant role in defining the growving

period in e given rainfall situation,
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Table |. The length of the ;rouinz sesson in three soils having & different
sveiloable water storesge capocity (AWC), Virmeny [[679).

Probability Avctloblo roct pro!ilo\votor storage coyncxty
Low (50 se) Mediue (150 ms) ngh (300 as!}

LIT1Y) Period Veeko Pertod Yeake Pertod
Nean Jun 25 -~ QOct 20 17 Jun 23 - Nov 2% F3 Jus 25 - Nov 2% 238
902 Jun 29 - Sep 30 12 Jun 2% - Oct 2! 16 Jum 23 - Xov 180 20
152 Juw 2% - Oct 7 13 Jun 2% - Nev & e Jun 28 - Dee 2 2
Mediua Jua 2% - Oct 21 16 Jun 25 - Xov 18 20 Jum 25 - Dec 33 28
292 Jun 2% - Mov 11 19 Jun 2% - Dec 9 23 Jun 2% - Jen 14 28
10X Jun 2% - Nov 258 ol Jur 1% -« Dec 23 3 Jun 23 - Feb & 3]

Fros the soving reins wvp to the week wvhen the availedility of profile
goisture reduces [ET/PET to 0.% (ET and PET stand for sctual and potentisl
evepotranspiration).

The shallov Alfisols exemplify a lov AWC situation; deep Alfi{sols end sediuve
deep Vertisols, o medius AWC situstion sand the deep Vertisols a high AWC
situation,

2) Charscterisiag soil vater aveilability,

A relisble estimste of intra-seasonal probabilities of water
deficits is provided by estimates of soil moisture variations
occuring over the growing season, The medium amounts of
available water present in the root profile of three soil types
of low, medium and high "available™ water capacity (AWC) are
shown in Figure 3. The amount of available moisture in the low
AVC soils does not exceed 60-70 per cent of the total available
vater capacity; there is a marked decrease in the smount of
available water in the first half of August (to less than 25 mm),
Since the evaporation demand during dry periods in the rainy
season often exceeds 25 am per wveek, a bresk in the continuity of
reins exceeding one week would be quite hazardous to crops on the

lov AWC soils. These results emphasize that to increase and

14



st

sypul uwy
SUOTINIOY SEIY3 0] SIToedrd 3BwUiols 1siEAa jOS pEEnSe
on3 3epun ssfuwyp sinisyos syjjoid pamymys “y “SN4
SHIIM GHVONVLS
5 4 ob r4-4 »Z L] e o
A f 1 A 2 '
340LVENIOD .oz
-~ H
\\ Jo :
P Oyt -oe *(GL61 Fuewmiia) (FI¥P OL61 - 1061 P¥QwiapiH) s1jos
: a1yl uy 28e101§s ainlsjom [Jo8 A[eam  °t 934
= Nz
’ AN SHMawitA 431 Diee Mt
s N SICS. AW MRS OSI Y 4id Dmv am |
’ /r SIS 1T MO ITE S MEw MO ~
’
. s ~. el
aQvavH3IOAH fozr o 7 e — .
Q \,s .a ey o8 Tme e b - St
[ nl \» [, K 3 WA TN
, A o o ey WO L
[ G
08 X 4 hach Al ahbbt il v iiowaer ) tvwnas
o y —_ \ Y WiiYM ViwniAe oS -
w \\ tli ~~ ‘
- iuu it / M e A"}
oy S ~ YN "~
o 3 ] J Y \ I3 b G
m - ol& [y \\
—_ ‘\ -y Ot O\ P .
o w S \ NN . - : _
3 . VNN - wrpsiom oS o .
VON- —— \\\l/\/ [” ||||||||| \ll\' _
v \ S LI \ . o . : L
IS 8y vy Oy SE I 8 I orZ 91 ZL R ¥ 0 SYIIm
g N O s v ror N Y n 4 f SHINOW
- O8
- OV
o




stabdilize crop production in such soil regions there is s need
for developing slternstive vater resources to bresk intra-
sessonsl droughts, One slternstive 1s to collect runoff during
periods of excess rsinfall snd reude the collected water through
s farm vater storsge snd spplication facility,

Sivekumar et sl. (1983) compared the soil water availability
using WATBAL in the Bangalore, Hyderabad end Coilbl€;70 region
(Fig. 4). Dsts shows thst Bangalore has longer so0il water
svailability period (sbout 36 weeks) than the Hyderabsd region
(sbdout 28 wveeks). At Coimbstore the soil water svailsbility
period 1s as long as that et Bangelore but the amount of water
available 1s wuch less especjally in the initial part of the
season Such & varistions in soil moisture aveilability has
strong implicetions for the type of crops and cropping systems to
be grown, Coimbatore region can support only drought hardy and
short durstion crops while Hyderabad and Bangalore provide wmore
favourable moisture environment for crops.

Soil water bslance models could slsc be used to characterise
soil water svailability at the beginning of the postrainy season
i.e., after the harvest of rainy season crop. Huds and Virmeani
(1986) compared the soil water availability st the beginning of
postrainy season for Indore, Dharwvar, Patancheru and Anantapur
sfter the harvest of a rainy season sorghum (Fig, 5). Data shovs
that at Patancheru and Indore about 100 mm of water is available
in 8 out of 10 years, while at Dharwar it is only 50 mm at same
probability. Anantspur will not have any availsble water at the

beginning of the postrainy season. These data show that a

16
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Fig. 5. Cumulatrve probabil.ty (3) of simulated available sofl water
at the beginning of the postrainy season after the harvest of rainy
season sorghum for four selected locations. {Data base: 1941 to 1970)
(Huda and Virmani 1986),
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postrainy seaso» crop could be successfully grovn at Patsachers
ond Imdore vithout smny significent supplementsl irrigstion, vhile

crops st Dharvar vill need supplesental irrigetion in most yesrs,

Crops at Ansntapur will need full irrigation if the crops are to

be grovon,

3) Neistsre oavailebility 1s relstios to crop demand.

It i» generally sccepted that evapotranspirstion requirements of
sost crops expressed as & frection of the potentisl evaporative
demand is about 0.4 st the seedling stsge, about 0.6 at the
vegetative stage, 0.8 ot the flovering and the reproductive
stage, send about 0.4 gt meturation and seed f£illing stage.
Yirmeni (1975) vsed WATBAL method to estimate vocily changes {n
the svailsble soisture in the root profile for 190]-70 data. The
probability of meeting the estimated evapotranspiration from
given soving date (last week of June for Vertisols and first week
of July for Alfisols) wvere computed for a 65-70 day pearl millet
snd tvo sorghums of different growth durations (Table 2). The
data shov that deep Vertisols are able to meet FT in most years
for millet, as well as medius ;nd~long duration sorghue. Deep
Alfisols and mediums deep Vertisol are comparatively better suited
for ‘lillet snd 90-100 day sorghum than for the long duration
sorghua. The shallov Alfisols sre suited to short duration crops
Iikevlillet. The incidence of drought at various stages of crop

growth increases vith medium and long duration sorghum,
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Todle 2. Probabilities of eotgture svailability to weot crop densad ‘&
three oetl types ot specified grovth stages of crops of varying
duretions (dased on 1901-1970 dats for Ryderaded), Virsaai (1973).

A A D U A A U W D S W e 0 o A S 0 o W N W e e LA AL KX LY LY R LY 2 YR Y Ly

Crowth stage Peried IT/PRT Shallov  Desp Alfisels "
required Allisele Nedius Vertiselas Vertisels

............. oah A D O LR T Y 2 L Ry L 3 N --n-.uu.-.-r.-no-.-.-COQ".-.-Q.’-buoulﬂnm

Sergdua (130-130 day)

Seedling 4 veek 0.30 0.41 0.66 0.70
Yegotative ¢ wveek 0.60 0.8 0.74 0.7
Reproductive ¢ veok 0.80 0.17 0.63 0.80
Maturity A wook 0.60 0.06 0.48 0.87
Serghen (90-100
Seedling 1 veek 6.30 0.39 0.77 0.79
Vegotative 4 veek 0.60 0.49 0.7% o.M
Reproductive 4 wook 0.80 0.462 0.72 0.686
Meturity 4 veek 0.60 0.4 0.86 0.87
Poarl Nillet (63~
Seedling 1 week 0.30 0.59 0.7? 0.79
Vegetative 2 veoek 0.60 0.79 0.86 0.008
Reproductive 4 vesk 0.80 0.47 o.n 0.79
Materity 2 week 0.60 0.72 o.n 0.90

4, Selection of suiteble crops and cropping patterns,
Using vater balance procedure, Virmani (1975) estimated the water

svailability (ratio of actual to potentiasl evapotranspiration) in

different soil types and compared vith the vater desand of crops
to assess the suitability of crops in a given soil-climate
systesn, An exilple of fitting of long (130-150 day), and medium
(100-110 day) and short (65-70 day) duration crops has been shown
in Figores 6 and 7. It i1s clear from the dats that traditional
varieties (130-150 days) vill flowver in late September and reach
physiologicsl maturity in late October or early November. The

crop vwill be caught in a wvater deficit situation at the

reproductive stage in most years on low AWC soils. The wmedium
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sad shorter duration varieties (90 - 110 days) will flover 1o the
last hslf of August and reach physiological maturity is late

September. Sech verieties may frequently be sudbject to moisture

A

stress due to drought in August. Such & analyeis on water

dbalaace of & location in conjuction with rainfell snalysis helps
fit a veariety or cropping system in sn environment.

S. Characterisiang runsoff potentials.

In reinfed farming ereess it is important to knov the surfsce
runoff potentials or excess vater losses from the agricultural
lend 4p order to develop appropriaste land snd water mansgesent
practices to conserve soil and vater and to develop water

harvesting and storing facilities. Water balance s=models con

",‘

gomerete informstion on amount and frequency of weter loss fros
verious soil types and locations. Such a study has been done for
the Hydersbad region for soils varying in water holding cepacity
fros SO mm to 230 m» (Table 3). Tt 1s clenr f{rom the data that
probability of vater loss from low water holding cepacity soils
(ANC 50 mm) is almost double of thst from soils having greater
avaeilable wvater holding capacity (AWC = 230 mm). At least 10
of r:}nfnll is lost 1n 962 of years from the low AWC soils
(ANC e 50 mm) compared to 50% of years f{rom “he high AWC soils
(‘;C = 230 am). At least 100 mm of raintall is lost in 24T of
yesrs from the 230 sm AWC soils, wvhereas similar losses occur in
\592 of years from the 50-mm AWC soils, Such an information has
strong implicetions for developing land and water amsnagement

practices for different agroclimstic environments,
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Table 3. Probabilities of wvater loss (runoff ¢ dreinage) in soils
of different available vater cepacities in the Hyderabsd region.

S A W W Y G R D D Gn ER S S ED R S S G S Ee e Y W O6 W G en e hadhadl A f R R R I R g Y R A Sy

Available water Water loss (am)
c."cit’ (..) P T T L L T Y T Y Ty T T I T I T Y'Y LY " O ppep—"
> 10 > 25 > 8 > 7% > 100 > 150 > 200

D e AR e D S AR S S L G RS AR U e e B U O e G A G O G e S LA X T R R Y R L X X 2 2 X X T J ¥ P P pripepy

Probability (2)

230 51 bé 37 29 24 17 14
200 63 51 bé 36 29 d7 16
160 69 64 31 46 37 24 17
140 77 69 59 47 40 26 19
93 87 83 7] 60 &7 34 2]
50 96 91 80 74 59 44 27

Buda end Virmseni (1986) estimeted the probebility of wataer
loss fros soils of Indore, Dharvar, Pastancheru and Anantapur
(Fig. 8). Dsats shows that soils of Indore have grester potentisl
for weter loss (about 200 me at 80X probadility) in most years
compared to Pstancheru, Anantapur and Dharvar (30 to 75.mm at 80X
probabdility). In 2 out of 10 years Indore could have 500 sm of
rein wveter lost froe the soil profile. Such a8 dats indicate
stronger need for developing soil and water conservation
practices for the Indore region <compared to other three
locations.

6. Use of vater balasce sodels in yield predictions.

Most studies heve shown that yield and water use bv crops are
closely related (de Wit, 1958 and Hanks, 1974). In general,
studies indicate that dry metter production and ET are wmore
closely related than grain yield and ET. Improvements in these
correlations are observed wvhen transpiration (T) is used instead
of ET and when the effects of wvater stress at «critical grovth

stages are incorporated in the models relating ET with crop
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Fig. & Cumulative probability (1) of simulated runoff for four selectad
locations. (Data base: 1941 to 1970) (Huda and Virman{i 1986),

23

| SCRISAT Librory
|_RP 03531




yield. Vater Dalance models could bde used to eotimste

transpiration end evepotrenepirstion to predict yields throogh
the ET-based yield models. Stcv.rﬂ et sl. (1977) reported the
folloving relationship for dry metter:

/Y8 » 1-B0 ETd « | -Bo 4 Bo ET/ETe

Where Bo 4s the slope of the relstive vield (Y/Y4) versus
ETd ; ond ETa 19 defined ss the ET required for Ym; ETd is given
by 1 - ET/RETs. The velue of S0 4is obteined from field
sessuressnts.

In osome models the effect of growth stage on yield response

to veter stress hsve been included. Rasmsussen (1979) developed

the folloving grain yield water use equation for wvinter wheat:
o] 7 Qllw (11
Y(kg/ha) = 1.92 (Z(T/ETO;)x Z.‘?(T/ETO (I(T/ETOX

Where subscripts 1, 2 and 3 refer to grovwth stages emergence to
jointing, Jointing to heading, and heading to soft dough,
respectively, Daily T/ETo ratios are summed during each of the
stages. ETo is estimated by Priestley-Taylor (1972) equation.
Rasmuesen (1979) reported s correlation coefficient (r) of 0.68
betveen predicted and observed yields. Better results were
obtained with a dats subset in which water was the primary yield-
limiting factor (r2 = 0.91),

We at ICRISAT have also studied the relationship of sorghum
grain yield with evapotrenspiration. The relationship is:

a1y s 833
1/a =« (ET/ETM), . (ET/ETM)., . (ET/ETM):

24



Where BT end ETN refer to actusal end wmaxises
evepotranspirstion et a given grovwth stage. Subscripts 1, 2 and
3 are grovth stages emergence to panicle initietion, panicle
initiation to 50X floverimg, and 50% flowering to physiological
seturity, respectively. This sodel accounts for 84X variation {a
yield ratio (Y/Ye).

Vater Dbaslsnce models are also integral part of the wmore
elaborate process besed dynamic models such as the ones developed
for sorghum, vheat, soybesn, corn etc. Water balence models have
been included in these crop models to develop wvater astress
coefficient based upon soil vater prediction in the root zone,

Fros the foregoing it is clear that there sre oseversl
approsches in modeling soil water bdalesnce which depend upon the
intended use of the vater bslance sodel and the accuracy required
in predicting various components of water balance, Water balance
models have nuserous sepplicetion and only s fev have Dbeen
discussed here in context of rainfed agriculture and many amore
could be envisaged or found in the litersture on soil water

balance.
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