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A SIMPLE METHOD OF ACCOUNTING THE SOIL WATER BALANCE® -
By
S. JEEVANANDA REDDY®*

ABSTRACT:

A simple but effective method of ocomputing evapotranspiration of the’
soil moistiae {e attewpted by taking all the faotore imvolved into oonei-
deration. It takes into acoownt, the evaporative demand which is the major
oamponent in determining the evapotranspiration of the climats of the region,
bewides the soil type, orop and {ts various stages of growth and development.
Purther with the help of the computed values of evapotranapiration acoounting
of water balanoce over watershede has been attempted. To test the efffoacy
of this method sample oomputations vere mads over ICRISAT farm vatereheds
during the period 1975-76 and the computations found good agrsement between
the estimated and the observed valuss of evapotranspiration as well as
motsture status of the soil. A good agreemens has been obssrved between
the obssrved transpiration values from hydraulio lysimeter for four diffe-
rent years under four different orops at Samaru and the oorresponding
sstimated valuss. Howsver, further it {e desirable to test these sstimated
values with the precisely obtained, looation speoifio valuss obtained
from lysimeter based expsriments.

1. INTRODUCTION:

In the past, several researchers studied the soil water budgets from
rainfall and evaporation, as this ie a firet step in oaloulating the expeoted
productivity of an agricultural system under a wide range of olimatio
conditions and for developing alternate choloes and deoieion etrategies
for the use of limited available water as a baokup resource for inoreasing
and stabilising orop production under rainfed agrioulturs, {t {s essential
to have more realistio method of oomputing eoil water balance. This is also
essential in the development of of agroolimatic modele. Bstimation of eoil
water balance requires relationships which correctly prediot (a) avatlable
eoil water storage oapacity in the aotive root sone; (b) the inorease in
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in 00il water storage resulting from precipitation; (o) surface rooff
and deep percolation below aotive root somes and (d) evaporation/evapo-
traupiration from the soil. Por the development of agroalimatio models
fohioh ta the seoond stage of agroolimatio classifioation studies), the
#0il water balanoe information oan be used in (1) eatablishing the length
of orop growing season (vhiok will help the plawing and egeoution of
various altermatives of oropping systems based on the period of soil
moisture avatlability), (2) yield forecasting models, and (3) monitoring
aupplemental irrigation requirements and studies as the water supply te
the principal envirommental faotor that determines the growing season
characteristio in SAT. Examples of soil water balanoce modsls whioch have
been used for agroolimatio purposes are those of Marlatt et al. (1861),
Kokler and Richarde (1962),  Puchs and Stanhill (1063), Holmes and
Roberteon (1963), Baier and Robertson (1968) and Ayers (1967).

nder a wet soill situation, the simple assumption that the aotual
evapotranspiration {e equal to potential evapotranepiration rate for a
complete ground oover oan usually be made with oonfidenoe sventhough {¢
widsrestimates evapotranspiration. However, under drier conditions thie
may not hold trus beoauss of restricted availability of soil moteture,
Here accounting of actual evapotranspiration is a oomplez phanomenon.
There are several methods in the literature for the estimation of aotual
evapotranspiration in terme of pan evaporation or potential evapotrans-
piration. Among these ome growp of methods takes into acoount the soil
water availability while the other group takes into acoount ths soil water
availability as well as evaporative demand of the olimatic oomditiom.
Some of these methods which are in use are pressntsd in Seotion 4. However,
not all of those earlier methods differentiate between the fallow and the
oropped etituation nor among the etages of orcp growth, The later 4ffects
the soil motsture available at different atages of orop for svaporation/
tranepiration purposes.

In the present paper a method of computing astual evapotranepiration
(AE) in terms of pan evaporation (B), whioch takes into account all the
points mentionsd above has been attesmpted. On the basie of this a
method of acoounting "Soil Water Bidance” for (1) developing agroolimatic
models and ({1) supplemental irrigation studiss has aleo besn suggested.




3. EVAPORATION/EVAPOTRANSPIRATION PRON SOIL:

In determining the "Soil Meter Balanoe”, evapotranspiration {s
one of the oawplex phenomena to be estimated. The study of evapotraspiration
oan be divided into two stages: (1) wnder fallow comdition the sofl loocese
vater through evaporation. The awownt of water lost {n tum depends wpon
sotl type (soil factore), the avatlable moieture in the top few om of the
soil profile (i.e. evaporation zome) and evaporative demand (micromsteo-
rologieal faotore), (i{) under oropped comdition the eoil locesg water through
both evaporation and transpiration whioh {n twrm depend upom eoil type,
the availabbe moisture in soil profile ({.e. in the evapotranspiration soms),
svaporation demand, type of orop cover (arop faotore), the orop etages, and
orop growth.

In the initial stages of orop growth evaporation {s ths major sowros
of moisture loss, while at the rapid vegetative growth stage and flowering/
reproductive stage transpiration playe the major rols. The stage of orop
growth {e aleo refleoted in sise of the root proliferation syetem. As the
orop develope through the various growth stages {te roots appear in different
looatione of the soil at different times. Henoce, even {f the entire soil
profile is at field oapacity the available soil moieture for evapotranspiration
ie different for different stages of orop growth.

A largs fraction of the water held in a saturated void in eand oan
be removed before the thiokness of the residual water film becomes very
emall. In olay by contrast, water has barely begun to leave when the film
thiokness 1e the same as that in a sample of sand. The adequacy of eoil
moisture at different stages of crop growth aleo depends upon the moisture
distribution in the transpirating sone with dspth and the drying depth as
a function of time after rainfall. The drying with depth also depends upon
the nature of the porous material, its thickness and the drying oondition.

Precipitation falling on a partly dried soil, but not inoreasing the
oontent of transpiration sons to the oritioal valus for potential uss, is
not distributed over the transpiration soms, but remains in top layere of the
sotl. Therefore, depletion of precipitation falling on the soil has priority
irrespeotive of the molsture oomtent of the soil. This preoipitation {s used
for potential transpiration and when this precipitation is not suffioient for
oomplete potential évanspiration, the available oontent of the transpiration
sons is used for the remaining transpiratiom.



It {a an acospted faot that field sapacity providss optimm oonditions
for svapotranspiration, which prevails at the same level wp to a oertain limit
of moteture lose from fleld oapacity ond etarts deolining thereafter wp to
wilting point. Buen at the wilting point the plant continuee to absord negligible
anounts of moteture vhich (s of no elgnifioance for ths normal finotions and
ite very auvival. There are many different opinions of the form of vater
availability fimotion betwsen these two extremes. But, wnder low evaporative
demand oonditions {t {s aleo seen that transpiration never reaches the aero

at wilting point. MNore water {s quailable to plants from wam sofle than from
o0ld sotls, because soil retains less water vhen plants wilt {n varm than {n

ool: eoile, The amount of water held by a eotl at the permanent wilting point
raee jom 1 toSpercent for coares sandy scils with smll speoific swrfaoce

areas to 35 to 30 percent or even higher for olayey soils. When the nesds are
hghest, plant may not be able to get water fast enough to supply the tramepi-
ration demand oompletely. If the P8 exoeeds 'X' mm d day, the eoil, whatever
the oondition of the water in {t, oamot supply water fast emough for arop
needs. Under thess oonditions, the ability of the sotl to supply water may
ezert a oontrolling influsnoe on transpiration (Denmead and Shaw, 1962).

3. METHOD OF COMPUTING ACTUAL EVAPOTRANSPIRATION:

There are several methods for the estimation of evapotramepiration.
Thess oan be arranged into two major growps: (1) theoretioal methods and
(11) empirioal methods. Under theoretioal methods there are three dietinotive
approabhes. They are: (1) Aerodynamio or mase transfer methods, (2) Energy
balanos methods, (3) Combinatiom (1 and 2) methods. Under empirioal methods
there are two approaches. They are: (1) Water depletion methods and (2) Methods
imolving oonvereion of pan evaporation or potential evapotranspiration through
the use of orop cosffiotent.

Among thess, derodynamio methods are used less often. Although the
energy balanoe methods utilising the Bowen ratio yield valid setimates of
evapotranspiration if the basio aseumptions are met, when the Bowen ratio
1s leas than -0.5, the determinants are less reliable. In the oombinationm
methods, an energy balanos and an aerodynamio equation are aombined to produce
an equation that oan be used to estimate potential evapotranspiration, Here
again a eotl plant faotor must be introduoed to obtain actual evapotranspiration
estimates.



A mmber of empirical or semi-empirioal equations have been developsd
Jor estimating evapotranspiration. MNamy of these are ocalibrated for a given
orop in a given area and, oonsequently, the equation oonstante {molude the
erop and soil faotors. In these equations actual evapotranspiration ia
estimated directly. Jensen and Haise (1963), Jenaen (1988), Blaney-Criddle
(1000) developed aoefficients for growing ssason for a mumber of orops at
different stages, dspending primarily upon amount of lsaf ocover and a
oosffiolent was caloulated for each combimation of orop growth period and area.
Awong the empirioal methods, ome that {s widely used is the convereion of PE
or B to AR (An extensive review of pan evaporation as a method of estimating
svapotranspiration is given by Pruitt (1867)). The water depletion methods
aleo oome under this growp.

Some of the methods that are developed in the past for aomputing aotual
evapotranspiration (A5) in terme of pan evaporation (E) or potential evapo-
transptzation (PE) as a finotion of soil moisture are: Veihmeyer and Hendrickeon
(1955), Pierce (1958), Thormthuaite and Nathur (1958), Marlatt et al. (1961),
Holmes and Roberteom (1963), Gardner and Ehlig (1963), Shaw (1963), Pitspatriok
et al. (1967}, Muatonen and MoQuinness (1968) eto. Aocording to Dermead and
Shaw (1988) - Veilmeyer and Hendriokeon (1955) model ie applicable under low
svaporative demmd oonditions; Pierce (1958) (supported later by Mustonen and
NoGuinness, 1968) model ie applicable under moderate evaporative demand
conditions and Thormthwaite and Mather (1968) (whioh was eupported later by
Gardener and Bhlig, 1963) is applisable under high evaporative demand
oonditions. And aooording to Baier (1972) the models of Marlatt et al. (1961),
Holmes and Robertsom (1963), Gardner and Ehlig (1963), Shaw (1863) and
Pitspatrick et al. (1967) are applioable under medium tertured, non-irrigated
sotls.

From these it oan be inferred that most of theee modele are developsd
under specific oonditions for specific looations or regions and don't take
into aocount the auatlable soil molsture at different etages of orop growth
and aleo soil type oondition and the evaporative demand oondition eto.
Therefore, based on the results that are available in literature mainly Holmes
and Robertson (1988) and Demmead and Shaw's (1982) results and soms more works
vis. Blaney and Criddle (1960), Jensen and Baise (1966), Erie et al. 1966) eto.
which deal with the stages of orop, a new and eimple method whioh takes into
aocount all the above mentioned points has been suggested.



The modsl proposed for the computation of aotual evapotranspiration
(AK) in terms of pan evaporation (E) under field oondition is as followe:

The basio equation oan be weitten as

AE = (A) (BT) ..ol Cereenin (1)
in which ET,, is thc mazimm poniblc evapotranspiration for a given orop in
responss to the evaporative demand (dseioating power) of the atmosphere and
Ag i6 the eoil faotor. The warimm evapotranspiration may differ from the
potential beoauss the later is defined for a short gresn orop rather than an
aotual orop. The mazimm evapotranspiration oan be related to the evaporative
demand of the atmosphere by the equation:

ETy = (A f(E') vviiiiniiniiininnd(2)
in whioh f(E') {s the funotion used as a measurs of the evaporative demand of
the atmosphere, i{n Whioh E' represents the evaporation from a free water surface
and A, 18 a orop faotor/or proportiomality fastor. By combining equations 1 and
2 ve get:

AE = f (E') (A)) () wnennn. cee (3)

Ae the orop faator (A,) and e0il faotor (A,) oamnot aot individually” a modified
form as developed in this study ie given as followe:

(AE/B) = (a#B) &=f ...ooiiiiinii. ()
Where AE = Aotual evapotranspiration, mm/day;

B = Pan evaporation, mm/day

(oan be used either sstimated from the formula of
Reddy and Rao, 1973 or observed)

Bw= (6-E')t  ,...... eeserierans (5)
0. 4K,

(= evaporative demand ooefficient; E' - represents the mean pan
evaporation at a station for a etandard week/day, vary acoordingly
as the data ie weskly or daily (mm/day))

fol-mthx ... rereriieannl (8)4
(If f &0 then f = o only)

*The louafmmfrmthcwil 18 a combined fimotion of the atmospheric ensrgy

oqusing evaporation from the soil and surfaces of plants and of the availability

of vater in the s0il to provids this atmospherio requivements (Denmead and Shaw,
1962; Holmes and Robertsom, 1963).

*In the oass of supplemental irrigation (1.s. instantaneous water addition to
the soil) f = (-14t)/b;X.




a = (rop oceffioient ( for fallow oonditiom and
( Rainfed orops: a = 1
( for trrigated arops
( like sugaroane, paddy eto: a>
K = Maximum available soil moisture storage oapan):iay of the sotl, mm
1

te 18,3 iiiiiiiniinns A Wrofdrydayu after asroth day
(1 represents the xeroth day i.s., rainy day),
(On those dayes when the water {s standing on the soil,
t = 1 for those days).

by= Crop growth stage ooeffioient, uprumud by fig. 1
(b; 18 a funotion of (L) 41, 1 de varying from
(100]
1 to 100% respeotively from sowing to harvest); fig. 1
oan be used in uater balancs analysie (under individual
orop eituation {t variss).

= 0,02, under fallow oondition.

L = Crop duration in days, (vis. 76, 110 and 150 days
respectively for short, medium and long psriod arops sto.).

t' =1 to L, respeotively from sowing to harveet, in days.

Therefors, the final equatiom oan bs written as:

(s-E') ¢ } ] (-2t bk

s - sfro {5

The value of K takes into aooount the different crops by asswring
the available eoil moisturs acoording to the mazimm root proliferation of
each orop. The soil moisture ressrvoir {e equal to the quantum of available
motsture holding oapacity of the soil in the rooting depth of the orop. FPor
example, heavy soils (olay ¥# 26 or 30%) have been aseumed to have soil
moisture storage oapacity of 300 nm/meter dapth; medium soils (olay ¥ 168) to
have a storage oapasity of about 126 - 160 mm/meter depth; and light sandy
soils to have a atorage oapacity of 76 - 100 mm/meter depth. Active root
sone depthe vary widsly in different soils, and different species within
a range.



Initially the folloving vere adopted ae gemeralised figures (Vimwani, 1078);

Crop Depth in metere
Crowndnut forages 0.5
Crain orops 1.0
Castor, pigeonpea 1.5

If a groundmut orop is grown in a light samdy soil having an available
sater etorage oapacity of 100 mm/meter depth - the eoil motsture resemvoir
available for orop utilisation will be : K« 100 X .6 « &0 mm; eimilarly for
oastor or pigeonpea : K = 100 X 1.5 = 150 wm eto,

Similarly, the available moieturs reservoir will vary with stages
of the orop 1.e., acoording to the root proliferation in the soil at different
stages of crop. However, this will be taken into acoount by the term by,

Using this model the var{ation of AE/E under different eituations
{s disoussed. In all these oases the soil {s saturated {nitially and dried
out without adding any supplemental water at later stages. The variation of
AE/E in terms of t as well as 3 available soil mofsture fs prn.mtcd.

Case 1 :- Under fallow oondition (bs = 0.02).

Three conditiona are neosssary to sustain evaporation from a porous
body - heat must be supplied to mest the latent heat requirement of evaporation;
the vapour must be tramsported away from the some of evaporation by diffusion
or oonveotion or both; there must be a continuous supply of water from the interio
of the body to the waporation site. Acoordingly, the evaporation rate of soil
is limited either by external evaporativity or by the soil's owm ability to
deliver water, whichever {s the lesser at any tims. The process by which sctl
moisture evaporates and the soil surface dries has been studied by mmerous
investigators during the last two deoadss (e.g. Hide, 1354; Lemom, 1866;
Gardner, 1969; Weigand and Taylor, 1981; Gardner and Hillel, 1963; Blaok et al.,
1969; #illel, 1971; Gardner, 1973). Mmerioal modele of soil moisture evapora-
tion have been published by Hanke and Cardner (1985), Ripple et al, (1972), Van
Keulen and Hillel (1974) and Hillel (1876,1976).




Under oonstant evaporativity, the evaporation proosss has been divided
into three stages. (Philip 1957, 1867; Peodoroff and Rafi, 1982) < a oomstant-
rate etage, oontrolled by esternal ewgporativity; a falling rate etage, oontrolled
by the soil profiles tranemission of water to the evaporation aome, and a
vapour diffusion stage, during vhich evaporation oontinues at a very elow and
relatively oonstant rats oontrolled by the vapour diffusivity of the dried
surfaoe sone. In actual nature, evaporativity is obviously not oonstant but
intermittent, as it fluotuates diwnally (Jaskson, 1973; Jackson et al. 1873) and
vartes from day to day, so it may beooms diffioult or even impossible to
disoern or distinguish betwsen ths stages desoribed above (Hillel, 1977) and
aleo the third stage possible only when the eoil moisture reachee a oertain
oritioal value at the beginning of the firet stage (the oritioal level oan be
taken as > 50% of the eoil moisture level). Thie stage has not been taken
into acoount in the development of the present model as this {s a oonetant
faotor. In the computation of AE/E, this oan be accounted by ohoosing a oonatant
value for AS/E which e less than or equal to 0.1, Thia oonstant faotor varies
depending upon the type of soil and svaporative demmmd oondition. Under high
svaporative demand oondition and shallow eoil situation this oan be taken as
0.05 and under low evaporative damand oondition and desp aoil eituation this
oan be taken ae 0.1 i.e¢. when AE/E reaches 0.06/0.1 then AE/E will be aomtinued
at 0.05 /0.1, By thie asswmption the error involved in thahamtayﬁ_iqm
ie negliyible. (This oan also be followed even under oropped situation).
However, in the following theordtioal oase studiss this has not been aocoounted.

Pig. 2a represents the variation of AE/E under fallow oondition
with time (t) for K = 50 and 300 mm under different svaporative
demand oonditions, E' = 2, 5 and 10 mm/day. Pig. 2b represents the eame in
terme of % available soil moisture. It is seen from this figure that under
high evaporative demand oondition high % of water is extracted from the soil
oompared to low evaporative demand oondition; similarly under low K values the
atmosphere receives high % of water from the soil. Table 1 presents the
avatlable soil moisturs in mm for evaporation under high and low K valuss and
under different B' valuss.
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The evaporation from vet bare sotl (s usually about the eame as
that from a free vater surface. The evaporation from bare soil decreases very
rapidly to near aero within a few daye (fig. 2a). The primary reasons for
the sudden evaporation deoreass ia that the rates of evaporation sxosed the
rate at whioh the soil ts able to sranemit water to the emwfsse into the
00il (thus lengthening the vapowr diffusion patiuay) and {noreases the
resistance to vapour flow to the surface. As a result the vapsur pressure
at the eoll surface ie less than the satwrated valus {.s., the relative
vapour pressure (astual/saturated) ts elightly less than ome (Slatyer, 1967).
S0il surfaos evaporation is highly dependent om soil wetting frequency beoause
the s0il usually only oontained about a few mm of stored water whioh oould
svaporats substantially at the maximem rate.

Table 1: Available soil moisture for evaporation from the fallow eoil (in mm)
when the field te wnder field oapaoity initially for different
valuss of ¥ and X'

5! K = Avatlable soil moisture, mm
m/day 50 0
2 6 18
6 1¢ 87
10 28 70

Case ii :- Under marimem transpiration oondition (b; = 0.24)

This case is similar to the modsls discuseed in page & para 2.
Pig. 3a represents the variation of AE/E with time (t) for K = 50 and 300 mm
wnder different evaporative demand oonditions, B' = 2 and 10 mm/day.Pig. 3
represents the same in terms of % available eoil moisture. Pig. 3b and
2b show opposite variation with E' 1.e., in fig. 3b the ourve for high
evaporative demmd oondition {a to the left of low evaporative demand condi-
tion Gurve while it s oppoeite in fig. 2b. This figure also ehovs signifi-
oant change with E' for the same X.

The rangs over whioh mofeture s readily available (in this ocass)
depends on the moieture releass oharacteristios of the soil (Holmes and
Robertson, 1963). The relative transpiration rate deolinss in a olay eoil
at a highsr available soil moteture oontent than in a sandy soil where the
aotual tranepiration rate ie olose to the potential over a mush wider range
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of soil moistre oontent (Gardwer, 1960; Oarcmer and Ehlig, 1963; Marlatt
ot al., 1961; Deread and Shaw, 1962), The results in fig. 3b are {n confirma-
tion with the above vieve.

Case 1{i:- Under or> oondition (b, varies from 0.02 to 0.34):

Pig. éa represents the variation of AE/E with time (t) from
seroth day for K = 50 and 300 mm under different evaporative demand oonditions,
E' = 2 and 10 mm/day. Pig. db represents the eome in terms of % available
00tl motsture, Here aleo, the eoil is oonsidered at fisld oapaoity om sowing
day and no supplemental vater {e added. The length of the orop ie ooneidered
as L = 100 days. It oan be seen from fig. 4b that in the beginmning the
ourves of high evaporative demand are tovards left of low evaporative demand
ourves (follows the fallow situation - oase {). Nhile {t {s opposite at later
stage (followe the marimm transpiration - oase ii). The effect of X {e
signifioantly seen at the later stage of the ourves. Under the orop eitua-
tion the soil moisture depletion ourves vary eignifioantly with X and 5'. Under
this situation the water depletion {s more under high evaporative demmd oon-
dition than wnder low evaporative demand oondition {rrespective of K.

For soms time after sesdling emergence, the water use of annual
orops may be dominated by the E from bare soil. As the plant oontinuss to
grov, transpiration becomes more signifioant relat{ve to eoil evaporation
and for a period of time the evapotranspiration {e related to the degree
of arop oover (up to middle of elongation phass). Two prinoipal faotors
assootlated with degree of orop oover oan bs ezpsoted to influence evapotranspi-
ration. The firet is related to reflection. Based on reflection aloms,
svapotranspiration would normlly be expsoted to inorsass as per oent of
cover increases. The seoond factor is related to the evaporation of vater
from a bare soil as compared to the transpiration from a orcp. Evaporation
from moist bare soil decreases repidly 1 or 2 days after an irrigation or a
rain. Under the same oonditions transpiration may not be limited unt{l
2 weeks later. Almost without emosption, past studiee have shown that
evapotranspiration inoreases as she per oent of cover inoreases wp to 60 peroent
oover, Complete oover 18 not aluays necessary for mzimm transpiration (Gates
and Hanks, 1967).
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4. NETHOD OF ACCOUNTING THE SOIL WATER BALANCE:

The tam soil water balanoe refers to the balanoe betuesn the
motsture added through preoipitation and motsture lost through evapotrans-
piration resulting in ohange of eoil moteture and rwoff. The eoil water
balanos {s influsnoed by a mumber of processes swoh as infiltration, eva-
potranspiration and drainags eto. The procsss of evapotranspiration ie
driven by atmospherio water demammd and limited by soil and plant oharacterie-
tios and sotl motetire oontent.

The daily/veekly soil balanoe equation oan be written as:

85, = Py - ABy = RO, = Dy vieririininiinens e f1)
WhereaSy = Soil moteture ohange:

(8 5y = SMy = SMy_1 where SNy and 5N, 1 respeotively stands
for soil moisture on ,th and , ,th day/veek;

P, = Precipitation on  th day/vesk;

A, = Aotual evapotranspiration on nth day/week;

ROy = Surfaoce runoff on nth day/veek;

Dy = Drainage on nth day/week (as the amount of water paseing
beyond the root soms, or for experimental purposss, as the
amount paseing below the lowsst point of measurement).

A simplifioation is frequently sought by making meaeurements during
periods of rainless veathar vhere it 1s assumed Py, ROy and Dy equal to
sero and in which squation (1) beoomes AEy =ASy. However, the asewmption
that Dy oan be wlcatcd during periods of rainless veather may introduce
srrors under shallow uater table oondition, as water may move wpards into
the root soms along water potestial gradients (Van Bavel ot al.,1968), othervies
the above equation holds well under reasonable limits for all praotioal
purposes.

In the nezt few pages a method of computing the soil water balanos
using daily or veskly data is presented. In this model instead of vater
depletion teohnique, time, t faotor has besn used. Using this anology,
oomputations have bsen made using the data of ICRISAT farm.




13

PROCEDURE POR_THE COMPUTATION OF SOIL WATER BALANCE USING THE NSV MODEL*

The procedure followed in the estimation of 'soil vater balance’
based on the model developed in this study e esplained as follove:

({) Separate the fallow and oropped eituation and assign the
length of the crop (L, in daya or veeks);

(14) Aseign the value of b{ under oropped situation from fig, }
and b; » 0.02 for fallow situation;

(111) Aseign the valus of X, the mazimm avatlable soil moisture
storage oapaoity of the eoil in rooting aome based on soil
and root penstration under that orop eftuation.

(iv) Aseigning the valus of t for a day in a week 1s dome as follows:

(a) If the preotpitation Py 307 mm then t takes the valuss as
1,2, .veo. X, in days wntil a fresh preaipitation coowrs;

(b) If the precipitation Py £30 mm then for Y(sPn/E, E = mm/day)
intiger days t = 1,8,.,... Y for ¥ days and from (Y+1) the
day omards ¢ takee the valuss as X+1, Y48, ..... (X being
t valus of the last day in the last wesk/or day precseding
to this rainy weak or the value of t on the day when AE= 0
in the precesding rainy week/or day, whichever is amill
18 taken) in days wuntil fresh preoipitation coours and later
again follows either (a) or (b) according to Py,

(v) Raoff (ROy + Dy) = SMy_1# Py - K; and

(vi) Soil motsture at the end of the week or day SMy = (SMn.1+ Pu-AEy
ROn=Dy) .

*Under shallow uater table situation i.e. the water #able in the rooting sons
iteelf, this method (for a matter of faot even any other method) under-
estimates the evapotvanspiration, as the motsturs fs oontinuously supplied by

the under ground storage to mest the atmospherio pequirement, However, this

oan be avoided bu oonsidering the oase as low evaporative demmd situation and wit
out budgeting the goil moleture or it oan be assumed at potential rate, As

the distanos betueen the uater table and the rooting soms inareasss the asouracy
of the estimates by the present method will also {noreass oomeiderably.

/If the data is daily (or for any other spsoified period inoluding weekly
data), then {nstead of 20 mn, the total amount that has been evaporated/
evapotranspired since the last rain (vhers t = 1) has to be taken. If two
rainy spelle are separated by sewo soil molsture etatus or AE = 0, then it
follows 'a’ in acoounting for t irrespective of rainfall amownt either in
the oase of datly data/or weekly data/ or any other speoified period.
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If K Lo defined socurately the other terme like SN and (RO,D) oan be
sotimated quite aoowrataly in this model.

Using this procedurs AR and eotl motetire valuss have been oomputed and
oompared with obesrved data. Thess are presented {n nect fev pages.

Case etudiss:

(1) Comparison between cbesrved and sstimated AX values:

Using the gravimeteio lysimeter of dimensions 134 X 134 X1 70 on®,
reqular evapotranspiration obeervations have been made in BVIA uatershed. In the
lysimetar ohickpea has been 8O on 8th Ootober and the sotl was saturated on
1th Cotober. Period totals of AB, £ and P are presented in Table 3.

The oomputation of (AR/B), te domg as follove:

The mazimm root penetration with available soil motsture 250 mm/meter
depth (sstimated by gravimetrio method) has been taken as 60 oms. Therefore, in
this oase X = 360 X 0.8 = 150 mm, and the length of the orop {s L = 84 daye
{or 13 veeks).

AE valuss have besn oompused using the procedure as ezplained in the
previous pages from daily data. And thess results are presented in Table 2.
Aleo Table £ presents the oumulative period totals of AE.

The ownlative valuss indioated negligible difference between obssrved
and oomputed valuss of AB. Generally on the whole the obssrved and oomputed
valuss of AR are in good agreement,

(11) Comparison between estimated and observed soil uater balance over
BWS A watershed:

The soil moteture balanos in 1075-'78 (1.e. lst week in 1975 to 8th
vesk in 1076) has been oomputed over BNA watershed weing the veekly pan evapora-
tion, rainfall (Net. Obeerv.) and munoff (BWEA - 0.4% graded ridge and furrov
syatem - tesp blaok soil). In the period under oomsideration two orops have been
grom. For the kharif and Rabi orcpe the lengths, L, have been takem as 100 and
130 days respectively. And the valus of X = 300 mm. (as suggested by

e Agaedn T g st vho G Mode



STUOY] Y PUD DRIy S N Aq umpy sumn suoIDaLeeg)

Wi “do3on Joqumeyddne dofuoyivipdionsd d
popasdpuau ‘uopsniodoas ung = i
popsd/uu ‘uopsnapdeunazodong 1m0y = v
1300 praDIMIDS = o
ypoOIsq) = ¢ geer/er/ig = I3AVE
poynduo) = 9 suet/or/s = DHINOS
JSIANYE p'R0R T'608  8'9 (¢ I18' 00 MDY RI/IR - 8I/M
9'008 108 VAT &1 SR A KA (B 17/ I 17714
_ ‘sevenyp

3?&33 0'968 R'ME8  8'ul 298 M 0'0  g'#e  81/4l - 81/00
0°698 0°038  M0R l'68 M B0 I'%R 81/0T - 81/
9'008 £°088 66 9T 09° 0'0  8'se &I/t - II/88
C'0IT QLIS 06 1D 9t I'9 g'm8 I1/es - ri/er
CO08 WD @R I8 W ) 60 TI/T - DAL
ohvp pgw1  8'1L E'%L KRR OI'KE K8 088 ' LIAI - 119
9'6Pr 8'0SI 809 9'08 M g'0c  9'0 I8 - 0I/88
pee 200 099 0°LY It '8 9'ee  01/98 - 01/8
oNINOS 988 I'88 o'se I'et M W 0'% 018 -0t

0 0 o o 0 ohrp
TR e o4 1 T
- 091 = ¥ "9L00 IIquEOR] 30[¢ 03 XIQ0300 ¥IP POrENI
‘(VIKG - Go30gaN] CFMAng) SV JO WRIDA PRBRIII0 DD peaaedd g #1q0%

I



Dr. N.B. Rusesll to Dr. J.G. Ryan*) has been taken for the oomputation of AZ.
The procedurs folloved in the eatimation of AE i same as that esplained above,
Table 3 presents the estimited AR valuss along with preoipitation, evaporation,
soil moisture at the end of each week, draimage and runoff.

In this oase the soil moteture balanoe {s obtained as followe:

If SMy_1#Py - ROy >k then Dy = Py - ROy - K + SNy g
and S, = K - AB, = (Soil molature at the end of the wesk)

* Crowp Names of soile inoluded  Betimated soil moteture holdf tise(m
A Tota
A Claye, olay loame
Desp blaok oottom, Regur 200 €50
B Loamy, light blaok ootton 160 310

C Sandy, ehallow Red, Chalka
(Red Sandy Loam), Laterite,
Masper (Nedium Red) 160 180

If M+ P, - ROu< K then Dy = 0

od W = N,y + B, - ROy - AB,

In thie analysis initially 8N,.; {8 oonsidered as Zero (i.e. on lot
weak of 1876). Then following the abovs procedurs the valuss of SNy and Dy

aleo oomputed and presentsd in Table 3.

From this table it 1a seen that the soil motaturs reserve at the end
of the season over that of the beginning of the season s 25.0 mm, This 18
aleo seen from neutvon probe results* (-On 25th and Gth weeks the soil motsture
status of the eoll 1s respestively 650 mm and 600 mm nearly),

4411 the observed data vis. soil moteture estimates (BWZ A) from neutron

e, (AB) Hydraulio lysimeter (BW3 A) and plesometer data (BW{)
thcb.bcm tazmﬁ;m the "Anmual Report of FERP for 1976 -'76, "ICRISAT.




”

fable 3 : mofmduwﬂ.aadbmluamwst

vaterehed (Based on Weekly date)

Period: 1975-76 (Kharif & rabi) K= 300 m

Veek Ey Pn Mn Dy 8, (AB), (AE)  Soil molsture* )
. m/vesk mfvesk wm w w0 o (B, Remarks

wmfveek o L

b 3.3 0.0

2 36.7 0.0

3 41.3 0.0

4 32,2 36.0 1.1  20.9 0.85

§ 37.8 0.0 8.7 4 0128

) 30.9 0.0 8.9 0.8 0.12

? 30.9 0.0 8.9

8 45,6 0.0 8.9

9 .7 0.0 8.9

10 46.2 18,6 8.0 20.4 0.4¢4

u 63.7 4.1 8.0 4.1 0.08 FALLOW
12 4.8 0.0 8.0

13 63.0 0.0 8.0

14 76,3 0.0 8.0

15 86.9 0.0 8.0

16 74.8 0.0 8.0

17 83.3 0.0 8.0

18 85.4 0.0 8.0

19 102.9 0.0 8.0

20 107.1 0.0 8.0

a1 107.1 0.0 8.0

22 78.1 48.1 8.8 47.3 0.60

2] 81.9 0.7 3.8 7.3 0.00

24 §8.56 8.2 0.9 8.5 0.18

26 64.4 2.6 0.0 3.4 0.04  668/367

36 §1.1 38.9 0.0 3.8 0.78

a7 22.4 98.1 0.4 78,1 20,6 0.92

28 30.8 22.1 71,7 386 0.8

a9 41.3 10.6 61,1 312 0.70

80 38.6 3.9 30.7 4.3 0.63 Ly=100 daye
81 24,6 108.2 11 118.6 24,2 0.99 khartf)
82 20.4 5.8 102.8 2.5 0.80

1.2 31,6 4.1 100.6  30.6 0.97

3¢ 36.0 4.6 86.1 20.0 0.88 703/308

3 4.6 §1.1 12,0 24,8 0.99

36 81,7 834,3 93.8 63.6 178.4 81.6 0.9

37 3.4 3.6 4.0 171,86 88.2 0.98

38 31,6 2.0 168,83 80.6 0.0

89 16,1 113.6 22,0 63.9 184.6 166 0.97 HARVEST
40 3.6 8.1 33,6 177.1 389 0.86

Contd..... pg. 18
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T 3 3§ 4 3 f A | 7 10 11 -
152 0 1738 187 J 0.61

43 3.3 50.8 0.7 3.9 1709 20.1 36.4| 0.85 830/430  SONING
43 353 6.2 8.1 176.9 381 7.4 0.03

W 19.6 10.5 0.3 160.6 177 3.3 0.0

6 2.7 M5 100.0 30.0 202 0.84

“ 3.3 150.4  30.6 30.9 0.60

VA X 1311 183 168 0.6¢

“® 3.5 lo4.2 169 165 0.84

W .9 8.3 15,0 16.6 0.48  243A0e Ly = .230daye
50 35.0 .6 1.7 13.8 0.3

51 3%.¢ 6.5 131 15,6 0.3 (Rabi)
52 368 §L.5 1.0 1.6 0.0

1 30.8 .1 84 N1 0w

2 3.7 e 76 a4 0.2

5 a2 9.8 58 63 0.8

{« 3.0 6.7 31 44 0.0

5 38.5 %.6 11 68 0.0

6 4.8 %.6 0.0 0.8 000

7 48,3 %.6 0.0 1.0 0.00

8 5.3 8.6 00 - 000

10 001/388

* Top valus - 0-180 om layer valus, bottom valus - O~80 om layer valus

=  Pan gvaporation of the vesk, mm/veek;

= Preoipitation " " ", mm;

= Runoff oo, m; 18.1%

Desp dratnage " " ", mm; 30.6%

= Soil motsture status at the end of the wveek, mm;
= Computed

= Obeerved

Aotual evapotranspiration of the week, mm/ussk.

Q(‘)?:b g;v:m
X
n

&
]

Abnormally high valuss
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Out of the total rainfall 98¢ mm received in this period 13.1 and
30.6 per oent respectively are oontributed to surfaoe runoff and desp drainage
‘and €8.7 per oent to aotual svapotramspiration. The mear aotwal evapotranspira-
tion for the two seasons ts only 643 of the pan evaporation. The results of
plesomster measurements suggests that the amownt of water pervolated down to
ground vater under double aropped oonditions on the desp blaok soile is appro-
simately 30% of the seasonal rainfall. The estimated value (30.8) is oosparable
with thie observed valus.

Whers the high soil moteturs and deep drainage 1o recordsd in these
computations are also supported by soil motaturs results estimited by neutron
probes.

The A valuss estimated in this oaes for rabi orop are also oomparable
with the obssrved AR valuss from wesk mo. 48 to ¢th wesk. In the oass of
obesrved data supplemental {rrigation vas given at 12 weske after sesding and
also the firet three valuss show abmormally high valuss.

On the whole these results suggest that this method oan be used quite
aoourately for the estimation of AE, SN and D values. Howsver, this has to be
verified over other soil types aleo.

Case (1i1): Comparison of obearved and estimated valuss o AX_- Based on
Bydraulio lysimeter experiments at SAMARU:

Figs. §a, b, o & d represents the owmilative totals of obssrved and
sotimated valuss of AE for four yeare (1071 - '74) under four diffevent ovops
(vis. Cotton, Maise, Croundmut and Gero Millet) along with the oumlative
totale of B (estimated using Peman's msthod - presented by Xowal et al 1078, 1976,
1975, 1975) and rainfall at different deoadss (as pressnted by Kowal et al, 1873,
1975, 1975 1876). In all thess four oasss the estimated valuss don't ehow
much deviation from obaerved valuss, however, the oomputed valuss are slightly
less than observed AR valuss. It {s bsoauss, in the oomputation of AR, the
rainfall has been aseumed to have been coowrred on the firet day of that dsoads.
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Case (iv): Cz—oiegn of obeerved and eetimated valuse of sotl evaporation (AX) -

Based on Grgvimetrio lyeimpter in BVIA vatershed and iv.iwiio
Lgimeter in W1

Pige. %a, b, o, d and ¢ represents the results of five ezperiments aon-
duoted in DW3A watershed (desp blaok soil) using Gravimetrio lysimeter.
nmhmﬂwallthnﬁqmotmw“ﬁnud“‘

wt deviate mich from obssrved valuse, Inm all these oases the so{l has
been wetted initially with qulumu‘l trwigation and alloved to dry.

A comparieon has also been wads between obeerved (oontrolled experiments
by eoil physios growp in desp blaok soile)* and estimated valuss of soil moisture
at the end of the season for ohiskpea (ome oase) and sorghum (thres oases)
knowing the sotl moteture at sowing and vater added {n betuwsen. The difference
between observed and sstimated soil motetwre status {s of the order of ¢t 10 mm
(results not presented here).

5. CONCLUSIONS AND PUTURE PLANS:

A new and simple tentative method of computing the evapotranspiration or
svaporation from the soil has been suggested and tested with the available obeerved
data and found it good fit. The salient points of this method are: (1) it differew
tiates between fallow and oropped situation, (3) takes into acoount the evaporative
demand oondition (3) soil and orop faotors and, (4) orop growth stage faators.

Based on this comospt the aooownting of evil water balance over watsraheds
has been suggested. Using this amalogy the soil water balanoe over BWIA uatershed
for 1975 - '76 pariod (which oomprises kharif and rabi orops) had been oomputed
and oompared with the available obesrved data and fownd good fit. This method
oant aleo be used to estimats desp peroolation knowing ewrface runoff. The main
advantage of this method is that {t estimates the soil moieture and runoff
(surfacs + deep draimage) knowing the valus of K (mazimm available soil moisture
factor) aooaately as the eetimates of AE arve mainly dspendsnt upon the precipita-
tion, pan evaporation and time.

“Dre. N.B. Russsll, Sardar Singh and Mr. Plara Singh (Soil Physiolets) ICRISAT.
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It {a proposed to oondwot fleld experiments to establish this methodology,

where {n the arop growth stage oceffiotents for each arop, oropping pattems
are to be deterwined.

Then using this model, at seleoted stations that are of primary {mportanci
in each olimatic aone, the uater balanos amalysis wnder different eoil conditione
for different crops/varistiss/oropping pattern are to be mads. Vis. as it {e
possidle to ses with this method that at a etation whether kharif fallow klpo
the rabi orop or rabi fallow helps the kharif orop (in the suooeeding ssason) or
double orope (kharif and vabi) ave possible or lomg period arop (kharif or rabi)
s possible or late kharif or early rabi is favourable. On the basis of this
study, the best possible orop/variety/aropping pattem to be followed in different
sonss wnder different rainfall oonditions with little of risk undsr proper land ax
water management will be suggested.

Por this purposs the following prooedure has to be adopted.

1. Compute AE/E, SM and (RO + D) using WATBAL for eaoh of the year under
diffavent oropping syetems for a partioular valus of eowing vesk and K.

2. Computs AE/E for different probability levels using gamma disteibution,
Then fit the orop requirement histograme (Virmani, 1978) of AB/E to the suitable
probability level of AB/E. This will euggest the probability of suocess of that
oropping eystem for that week of soving.

3. Compute ths probability levels of eoil moietwrs status at the end
of the every wesk fov 50 and 26% of X. This will help in knowing the probabiifty
of survival in oase 1f the next vesk {s dry.

4. Compute mean RO + D for 1 to 62 wesks. This oan be utilised to study
the probable tank modsls.
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CUMULATIVE € 4 AE IN MM

STATION: SAMARU CROP: COTTON
YEAR s 1971 Ls 165 DAYS K = 150 "M

E = PAN EVAPORATION; AE = EVAPOTRANSPIRATION; O = OBSERVED; C = COMPUTED
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F1G.5a - COMPARISON OF OBSERVED AND ESTIMATED EVAPOTRANSPIRATION VALUE.S
(HYDRAULIC LYSINETER/SARARU)



CUMULATVE E & AE IN MM

STATION: SAMARU CROP: MAIZE
YEAR s 1972 L s 117 DAYS K: 150

€ = PAN EVAFORATION; AE = EVAPOTRANSPIRATION; O = OBSERVED; C = COMPUVED
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STATION: SAARU CROPy GROUNDNUT
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STATION: SAMARL CROP: @ARD MILLET:
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E = PAN EVAPORATION; AE = SOIL EVAPORATION; O = OBSERVED; C = COMPUTED
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APPLADLA-1
Verification of WATLAL Node)

An attenpt has baeo rade to verify the WATEAL model sugyested by
Reddy {1977} using the vata of [CRISAT Fame for 1577 (15th June to 7 th
October) xarff season. The data used for thfs analysts ere thr ratinfall
records of M (for Red 3011} and 8k3A (for vlack sol)) and opes pan
evapordtion froe iat. ouservatory. The detatls uf tae crop u:n for wnich

the analysis ims veen wade arv clven below:

N . e o

TR, (wexfeen T lengtn of T
S.4, Place il available sofl {roo tiw crop
e ls ) feuayp
1. N Sl |FS Faliov -
. Sle Hed 13 Lorghur N
ST S A ! 1 rearl aillet T
4. wNik eei thach  ww alze # Pojes W0 ¥l
G ondt e nlack Vi Fallow -

.
{Conparsifve results are not avallaile)

Flgi. 1 anu o depicts the estirated sotl rolsture at Lhe end of each day (SH)c.
the ratio of cvapotranspiration {(AL)/evaporation {u), kunoff wilch InCludes Lotn
surface runoff anu ocep drafnage (KU ¢ U} and viserved sofl wotsture (1)) and wafafall
(). Taole | yresents the observed and estinated sofl mofstupe (Tus ouserved soll
aofsture data nas veen taken frow sofl physics croy: bes, Sardar Singh & Plare Singh)§
It 15 seen frou the flgures and the table thal tie oLscrved and estinated sofl moisture
data for different dutes are found to Us In 00¢ syreement,
yaly:

(Sn)e  » Wserved soil solsture, m

(S4)e @ Computed sofl misture,

{AL/L) " ® Couputed relative svapotranspiration

R ¢ 0 o Cosputed surface runoff + ieep irainage, i

il « tadnfall
(Figures are self explenstory)



Comparison of observed and estimated soil moisture at ST2 and BW3A watershed (ICRISAT-Farm)

“Harvesting 6/10/1977

Sowing
Maize + Pigeonpea '

14/6/1977

~Harvesting of Maize 26/9/1977

§T¢  : Maximum available water : K = 100 mm

BW3A @ " !

= 200 mm

- MK —BWR

Fallow casemmmZd case Cropped ﬂcq:::c " Flgeomes] Fallow case
Date  Dbser- [sti- UFS%?"-_R’W Tete Obser- Isti- Date  Ubser- Lstl-

ved mted ved  mated ved  mated ved mated
13/7/77 644 54,0 580 47,0 2/6/T7 47.3  11.6 14/6/17 13.b 0.0
18/7/77 89.6 90.0 86.1 873 Wy 12 0.2 Wyn B0 8.0
8/7/77 98.5 937 900 937 V&7 69.9 615 19217 701 69.8
4/8/77 851 83.5 741 N7 18877 822 858 Y17 BhS 834
16/8/77 92,7 9.0 80.2 88.9  B/9/77124.3 1311 18/8/77 130.2 1425
591 8.8 903 840 B4 2/YT 8.3 7/9/77 1667 186.2
12/971 811 817 463 56.0 19/9/77 151,010
26/9/77 12.5 835 3.7 8.6 6/10/77 200.0  184.7
5/10/77 90.8  93.8  55.7  43.0 1710/77 1590 176.6

Sowing  7/7/1977
Sorghum
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