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meteorological factors
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ABSTRACT. Soil moisture deficit has been computed from rainfall, potential evapotranspiration and F curve
at30and 45 em depthsofsome representative stations of different climatic zonesin India. The Fcurves show the
graphical representation of the ratio of actual to potential evapotranspiration. Comparison of the results so
computed with the observed soil moisture deficit shows that the method gives estimates with reasonable accuracy.
The study is of practical importance for water budgeting and irrigation scheduling.

1. Introduetion

The study of soil moisture is of practical im-
portance to agricultural researchers and coordi-
nators. The results could be applied to many
sensitive agricultural problems, where moisture
is of econcern, such as, explaining variations in
agricultural production, crop rotations and es-
timating crop yields on a pre-harvest basis. It
is also important for engineering problems asso-
ciated with water supply for irrigation and other
purposes. In areas where moisture is tempo-
rarily the limiting growth factor, yields of dry
land crops are closely related to the amount and
distribution of soil moisture to the plant’s root
zone during the growth period. Extensive di-
rect measurements of soil moisture, specially in
India, is not immediately possible for practical
difficulties and may remain so for some years to
come. Under this condition large scale studies
of crop-water relationships have, therefore, to
depend on estimates of soil moisture from avail-
able meteorological data, by using suitable bud-
geting methods.

To examine the amount of soil moisture at any
depth, Smith (1970) suggested a technique which
required weekly rainfall. potential evapotrans-
piration and modified F curves (F— AE/PE)
as suggested by Thornthwaite (1955). The same
method with some modification has been used in
this study.

2. Data

Three stations Kovilpatti, Sholapur and New
Delhi have been taken for this study. These
stations are different in respect of annual rain-
fall and its distribution, climatic zone and soil

properties. Soil moisture observations are recor-
ded generally once in a fortnight. Weekly ob-
servations are also available for a few years. Many
observations are missing or have been rejected.
Only those years for which considerable soil mois-
ture observations in crops are available have been
selected for this investigation. Weekly rainfall
and potential evapotranspiration have been
used to estimate soil moisture deficit. Potential
evapotranspiration has been calculated from Tho-
rnthwaite formula (1948). Although dificits have
been calculated from September to April, com-
parison has been done only for periods where soil
moisture data in crops were available,

3. Available water

The maximum amount of water which a soil
will hold without being water logged is termed
“field capacity”. This is the water held in the
small spaces between soil particles, after excess
water has drained from the large pore spaces.

The minimum amount of soil moisture which
is available to crops is known as “permanent
wilting point”. Should soils moisture fall be-
low this amount, the crop will sustain permanent
injury from which it cannot recover.

The amount of water contained by the soil
between field capacity and wilting point is known
as “‘available water”.

Since different crops root to different depths,
it is obvious that total amount of soil moisture
available to a crop depends both on root depth
and the soil type. It is the usual practice to give
irrigation when half of the available moisture to
the crop has been used up. This is reasonably
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a good practice, although there is evidence that
maximum crop growth is achieved when the soil
is kept near field capacity.

4, The concept of soil moisture defieit

The soil moisture deficit is defined as the dif-
ference between field capacity and the actual
goil moisture. Estimation of moisture deficit
is made on the basis of certain fundamental con-
cepts in connection with gain and loss of mois-
ture by soil. We start with a case in which the
only source of water is rain and loss is through
evaporation from soil and transpiration from crop.
Itis then simple to calculate week by week changes
in the soil moisture content. In terms of the de-
ficit of soil moisture below field capacity, the de-
ficit at the end of the present week equals last
week’s deficit plus this week’s evaporation and
transpiration minus this week’s rainfall. In other
words, evaporation from soil and transpiration
from plants use up water and increase the soil
moisture deficit. Rainfall adds water and thus
decreases deficit. The soil acts simply as a res-
servoir for the moisture.

5. Actual evapotranspiration

Several methods have been developed for es-
timating evapotranspiration by calculation
or indirect measurement. Penman (1948) have
a more complex equation which considers all
meteorological factors. Although the equation
gives good estimates of potential evapotranspi-
ration, it is very complicated and requires observa-
tions which are not readily available to use. Tho-
rnthwaite developed the concept of potential
evapotranspiration (PE) which in effect postu-
lates the combined daily rate of evaporation and
transpiration from a given land, and is indepen-
dent of the crop and is determined solely by cer-
tain meteorological factors, provided that the
crop is growing, completely covers the ground
from areal view, and has an adequate moisture
supply.

Let us designate the ratio AE/PE by F (4E=
Actual evapotranspiration and PE=Potential
evapotranspiration). The problem before us is 1o
decide the shape of the curve when F is plotted
against soil moisture deficit. At a deficit equi-
valent to wilting point, the value of F may be taken
as zero. At field capacity, when deficit is zero
AE=PE and value of F is unity. Various writers
have proposed different curves between theso
two limits. Veihmayer and Hendrickson (1955)
considered that F is equal to unity almost until
wilting point. Denmead and Shaw (1962) held
that the shape of the curve depends on the PE rate.
At alow value of PE the curve was similar to that
proposed by Veihmayer and Hendrickson. Broadly
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Fig. 1. Available goil moisture (%)

speaking, the curve is concave at low PE rate
and convex at high rate. Thronthwaite suggested
that F was proportional to the deficit giving a
straight line relationship. Baier (1969) tried with
five curves to find out relationship between soil
moisture and AE[PE rate and suggested that a
modified curve Fig, 1 based on Thornthwaite’s
(Thornthwaite and Mathur 1959) proposal of a
linear relationship between AE/PE rate and total
moisture content, appeared to be the best fit for
most soilsand crops. '

6. Methods

Part of soil moisture deficit equation can be
readily evaluated. Rainfall is easily measured
and the other part evaporation and transpiration
is more difficult to determine. Actual transpiration
(AE) can be obtained by multiplying the estimat-
ed PE by a factor depending on the soil moisture.
When the soil is at field capacity PE=AE, and
when soil is dried out to wilting point, the plant
can no longer extract moisture. Consequently,
AE must be either very small or almost zero. As-
suming that water losses by drainage or runoff takes
place only when soil is above field capacity, it could
be possible to obtain intake against removal so
as to arrive at a figure for residual moisturein soil.
Computation is, of course, started at a time when
the soil moisture is known and a convenient way of
doing this, is to start from a day when the soil is
at field capacity or soil moisture is known.

In this study weekly value of PE has been
calculated by Thornthwaite method. Calculation
was started when soil is at field capacity. Field
capacity, wilting point, bulk density, crop cover,
soil-depth and available water for different stations
are shown in Table 1.

Table 2 gives an example in which estimated
deficits were worked out. In this case, F curves
(Fig. 1) was drawn as & straight line connecting
the moisture deficit of 160 mm, (¥=0) to moisture
deficit zero (F=1).
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TABLE 1

Field Wilting Balk Crop Soil Avail-
capa- point  density depth  able
city (¢m) water

(mm)

Kovilpatti 152 1-31 Cotton 30 80

Sholapur 223 |1-04 Jowar 30 62

New Delhi # 58 1:56 Wheat 45 82

At the beginning of week, the initial deficit,
because of earlier heavy rain, is considered to be
zero. From the mean air temperature of week 1
PE is caleulated 25.1 mm, 4 E=25.1 mm, (as F=1)
and rainfall of the week is 36.8 mm, The final
deficit at the end of week 1, is equal to earlier dofi-
cit plus actual evapotranspiration minus rainfall
of this week, (04-25.1—36.8). Since the result is
negative (—11.76) it is considered that the soil
is still at field capacity.

In week 2, the PE is found to be 27.2 mm, rain
0.2 mm and initial deficit is same as final deficit
of 1st week. As deficit is zero, F=1, AE—PE,

final deficit at the end of week is (04+27.2
—0.2)=27.0 mm.

In the week 3, PE is found to be 24.5 mm, rain-
fall 16.0 mm and initial deficit 27.0 nun. The F
curve is then considered, and it is seen that the val-
ue of F corresponding to 27.0 mm is 0-94, The PE
value when multiplied by this amount, to give
AE=23-0. The final deficit is then, taken to be
the sum of the AE and initial deficit minus rainfall
of the week 3 and is entered as (27.0--23.0—16.6)
=334 mm. This simple process is continued as
long as necessary.

7. Resulfs and discussion

In this study soil moisture deficits of three sta-
tions, Kovilpatti, Sholapur and New Delhi, each
of two periods, have been calculated. Accumulat-
ed soil moisture deficit have been estimated upto
30 cm for Kovilpatti and Sholapur and 45 em for
New Delhi. In order to bring out the difference
between the estimated and the observed values
these have been depicted in Figs, 2-4.

Available water at Kovilpatti has been caleulat-
ed 80 mm upto 30 cm depth. In year 1959-60
(Fig. 2a) soil moisture deficit derived from present
method is lower than observed deficit upto 2nd
weel except one point and during the last five weeks
it isslightly higher. At the Bth week observed

TABLE 2
(All values in mm)

Week P.E. TInitial F
No,

0 1 25-1 0

0 1 272 0-2 27-0
245 270 04 230 166 33 4
282 334 ‘78 2240 2.3 53 -1

deficit is about 22 mm more than the estimated
deficit. There were 44 mm rainfall during this week
which brought down the estimated deficit.

Correlation coefficient between observed and es-
timated deficit is 0.84. Fig, 2(b) showsthe observed
and estimated deficit for the year 1961-62. It is
clear from the curve that upto 6th week difference
between the set of values is very small. Estimated
deficit after 6th week is, in general slightly less
than observed deficit. Correlation coefficient
between two sets of valuesis 0.91,

Fig. 3(a) gives the soil moisture deficit of Shola-
pur from 44th week to 7th week for the period
1959-60. There was good rainfall during four
weecks (44-47) but rainfall during the rest of the
period is almost nil which is the normal feature of
the station. Curve shows the difference between
two set of values is less than 12 mm. Correlation
coefficient is 0.91.

Tig. 3(b) shows that the estimated deficit is less
than observed deficit upto 50th week but during
the next six weeks estimated deficit is more than
observed. The estimated values are, in general,
in good agreement with the observed values. Cor-
relation coefficient is 0.82.

Fig.4(a) depicts the soil moisture of New Delhi
for the year 19567-568 at 45 emdepth. At 48th week
estimated deficit is about 15 mm more than observ-
ed deficit. Due to good rainfall at 49th week this
difference has come down to 1 mm at 50th week.
Difference between two set of values duri ng the
rest of the period is less than 3 mm except 5th and
13th week. Correlation coefficient is 0.94.

In the year 1963-64 estimated deficit is more
than observed deficit upto 52nd week and it is less
from 1st week to Tth week (Fig. 4b). Although the
difference between the two set of values is more
than 11 mm at least two points, good agreement is
observed in the two curves. Correlation coefficient
is 0.78.
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8. Conelusion

In practice it is rarely necessary to know the
deficit to an accuracy of order 2 or 3 mm. Probably
10 to 15 mm accuracy would be good enough in
most cases (Smith 1970). In the present study
it is assumed that all the rainfall is available at
the end of the week. This is obviously not so.
Deficit may be slightly different, if rainfall is taken
at the beginning or middle of the period.

Under the particular assumption it is found that
soil moisture deficit with plant cover could be esti-
mated with fairly good degree of accuracy. Such
est:mates are obviously important in scheduling
irrigation of well established actively growing
crops. As mentioned earlier collection of actual
soil moisture data which would be representative
for a large crop region would be a stupendous task.

Fig. 4

Hence, ostimation of deficit for large number of
stations with the help of easily available meteoro-
logical parameters is very imporfant and gives an
idea about the water available to crops under
constant evaporation demand. This ultimately
helps water budgeting, land use planning and crop-
ping pattern.

Acknowledgements

The authors are thankful to Dr. R. P. Sarker,
Director, Agricultural Meteorology, Pune for
encouragement in carrying out this investigation.
They are also thankful to Shri C.R.V. Raman,
D.D.G.C. and Shri A.B. Chaudhary for valuable
suggestions. Thanks are also due to Shri S.K.
Dasgupta and Miss V.L. Akut for computational
work and Smt. P.D. Bhosale for typing the paper.

REFERENCES
Baier, W. 1069 Agricultural Meteorology, 6, 3,
Denmead, O. T, and Shaw, R. H. 1062  Agron. J., 54, pp. 385-390.
Penman 1948 Proc. Roy. Soc. Lond.(A), 193, pp. 120-145,
Padmanabhmurty, B. and Biswas, B. C. 1971 Indian J. Met, Geophys., 22, 2, pp. 238-240,
Smith, G. W. 1970 Proc. WMO Seminar on Agricultural Meteorology,

Barbados, Nov, 1970, :

Thornthwaite, C. W. 1948 Geogr. Rev., 38, pp. 85.94,

Veihmeyer, F. J. and Hendrickson, A. H.

1965 ZTrans, Amer. Geophys, Un., 36, pp. 415-448.



