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Estimation of evapotranspiration from pan-evaporation
values : A study over the maize field in Bangalore
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ABSTRACT. A formula to estimate the values of evapotranspiration (Er) from the available values of
n-evaporation (Ep), for the maize crops (Deccan Hybrid variety) grown in Bangalore is given. The formula
garin out the degree of dependance of the ratio Er/Ep on the area of the plants. The effect of increase of area
of ts on the value Er/Ep is two-fold : (1) to increase the value of Er and thereby that of E7/Ep and (2) to
modify the local meteorological conditions in such a way as 1o inhibit evaporation processes compared with the
conditions in an open space and thereby reduce Er/Ep. The resulting value of Er/Ep is thus a compromise bei-
ween these two factors. The necessary correction factors arising out of this compromise, appropriate to each
phenological stage are determined and incorporated in the formula presented.

1. Introduction

Along with the rainfall input, evapotranspiration,
a process thro which water is lost in a crop-field,
is an important factor for the proper planning of irriga-
tion schedules. This amount of evapotranspiration
can be determined best by using Gravimetric Lysimeters.
But they are very expensive to install and maintain. On
the other hand, pan evaporimeters are far less expensive
to install and far less difficult to maintain. Therefore,
it is very desirable to know how an estimate of Ey can
be obtained from the known values of pan-evaporation
(Ep). With this end in view as a first step, the present
study of estimating Er values from Ep values has been
undertaken for the maize field in Bangalore.

2. Materials and methods

This study has been conducted in the agricultural
field of Gandhi Krishi Vigyan Kendra (G.K.V.K.)
farm, University of Agricultural Sciences, Bangalore.
The data used, cover three successive kharif seasons of
1982, 1983 and 1984.

Every day the lysimeter readings were taken and Ep
values were computed and recorded. The readings
taken from pan-evaporimeter (Class A-American type)

(525)

maintained by the G.K.V.K. Observatory in a field
closeby, at about the same time, were taken and noted.

Rainfall amounts were similarly obtained from
G.K.V.K. Observatory. Irrigation amounts were deter-
mined from lysimeter readings by weighing just before
and after irrigation.

The days of appearance of boot leaf, of flowering,
milky stage and of maturity were noted. They are
presented in Table 1. The number of leaves of all the
plants grown in lysimeter, the average number of
plants in surrounding field, the average area of each
leaf of the representative plants of the field were regu-
larly determined and noted every week. From this,
it is easy to calculate the total area of all the leaves of
all the plants grown over the lysimeter (Table 2 gives
the total area of all the leaves of all the plants over the
lysimeter). This was computed on the basis of as-
sumption of linearity of growth between the days on
which the actual areas were determined experimentally.
The ratio Ey/Ep corresponding to each day was deter-
mined from the observed values.

3. Discussions and results

_ In a lysimetric study (Venkatraman 1981) at Ludhiana
in respect of kharif maize (variety Vijay) for the years
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*Day of the year
— A ~
1982 1983 1984

Appearance of boot leaf 44 40 47

Crop stage

Day of flowering 51 49 53
Milky stage (beginning) 68 74 87
Day of maturity (beginning) 90 87 96
Harvest 122 114 116

*Sowing day istaken as the first day (15 June of each year)

TABLE 2

Lysimeter plant area
(sq. mm) (x 10%)

1976 and 1977 though the Ep/Ep ratios were presented
the reasons for thechanges in the values of Ep/Ep were
not discussed.

Battawar ef al. (1983) presented similar vdlues for
Sonalika wheat (HD 1553), grown in Jabalpur. They
also did not discuss the reasons for the changes in the
values of Ep/Ep with different stages of the growth,

The present study is an attempt to obtain a simple
quantitative relationship between the values of Eq/Ep
and the characteristic feature of the growth of plants
a: different stages, namely, the area of the leaves of the
plants.

Ep is determined from the amount of water loss
through the area of the pan. This area is fixed. On
the other hand, E; is determined as

The mass of water lost through the soil 4

+ through the plants grown over the
Ep — __soil of the lysimeter —
The area of the lysimeter

If the numerator is expressed in kg and denominator
in square metres, Ep can be expressed in mm by a
suitable choice of a constant depending on the area of
the lysimeter. Ep is a function of (a) meteorological
conditions, (b) soil moisture conditions and (c) plant
area, whereas Ep is a function of meteorological condi-
tions only. Therefore, Ep/Ep is a function of soil
moisture conditions and plant area. If it is assumed the
same meteorological conditions prevail over lysimeter
and the pan, the Eqn. (1) can be recast as

_(E X Soil area) + (£ < Plant area) )
o Area of lysimeter o

Ey

where E is the evaporation taking place per unit area.
The exact depedance of £ on the soil moisture conditions
is rather complex but in general it may be taken to be
that

w
E=w? X Ep

where W is the actual soil moisture percentage and Wy
is the soil moisture percentage at the field capacity of
soil (see for instance, Munn 1966).

Therefore, Eqn. (2) can be recast as
Ep= ::;'; X Ep X ( Soil area - Plant area. ) G

Area of lysimeter

Plant area )
Soil area
Area of lysimeter  (4)

E W (Soil area) ( 14-
Ep — Wy

It is easily seen that the area of lysimeter can be taken
to be soil area. The area of soil is fixed because the
changes in soil area to be taken into account on account
of stem growth, etc are practically negligible.

_ Er W
LR g WD 5)

where P is the ratio of plant area/soil area, W is the
actual soil moisture. We take

W Wit W, ©)

Where, W} is the soil moisture percentage assumed to
be always present in the soil and W, is addition of soil
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TABLE 3
Calc;;lkated valu)es iak i
age Ml MI[225 X= Y=1+4P Er [Ep (range tual value
e - (mm) i (0.5+M1/225) I —_—— of Er [Ep
Er |Ep =(X)(Y)CF*

1982-32 Sowing to boot leal 0 0 0.5 1.45 0.5t00.73 0.70

1984-35 Sowing to boot leaf 0 0 0.5 1.21 0.4tc 0.60 0.60

1982-45 Boot leaf to flowering 0 0 0.5 2.42 0.72 to 0.96 0.90

1983-55 Flowering to milky stage 4.2 0.02 0.52 3.35 0.521t0 0.82 0.80

1983-82 Milky stage to maturity 0 0 0.5 4.54 0.45 to 0.91 0.70

*Please see Table 4 for values of C.F.

TABLE 4 arca of leaves known between the periods when areas
are determined. The values of P can be determined
The °% of occas- each day. X'is taken to be 0.5. This value of 0.5 is

jions when the cal-

Stage Correction Factor (CF) culated value of Er /
employed in Er [Ep = Ep is within --or
(X)NY)CF —0.2 of actua! value
ZO:il;da}l"tothe 0.8 to 1.0 4%,
y of ap| nce
of boot ‘eaf
Boot leaf to 0.6 to 0.8 63%
flowering
Flowering to milky 0.3 to 0.5 83%
stage
Milky stage to 0.2 10 0.4 849,
maturity stage

moisture percentage due to an input of irrigation and/or
rainfall. We take

W,=K' MI where K’ is a constant of propoitionality
and MI is rainfall and/or irrigation in mm,

W=W,+K' MI 0
Er Witk MI
Ep Wy —+ (I-+P) (8)
. ET d '
& F = KMD Y 9)
P
where X'=W;/Wp and K=constant=K'/Wy and
Y=(1+P),
This can be further written as
Ep
o XY (10)

where, X=X'+KMI

From the experimentally determined values of P every
week, on the assumption of linearity of growth in the

assumed on the basis of the average of soil moisture
values which were obtained during the period under
study. K is taken to be 1/225, because the field capacity
of the soil was determined to be 225 mm and MT is
rainfall and/or irrigation input in mm. Now X, M/, P
are known for every day. Therefore, from Eqn. (8)
Ep/Ep can be calculated. For each day we can also
determine Ep/Ep experimentally. A few examples are
given in Table 3.

On an examination of the comparison of the calculat-
ed values of Er/Ep on the basis of Eqn. (10) with actual
value of Ep/Ep, it was noticed that the agreement is
not very satisfactory. That is obviously the change in Ey
and, therefore, change in Ey/Ep is not commensurate
with change in plant area and, therefore, with 2. On an
analysis it was found as given in Table 4 that, the multi-
plication of 1P (i.e, Y) with suitable correction
factor, determined empirically as appropriate to each
stage can give the Ep/Ep values close to the actual
values. The percentage of occasions when the for-
mula with apgropriate correction factors was successful
is given in Table 4.

These correction factors were determined empirically.
As can be seen in Table 4, the correction factors are
found to reduce the value of Y as the plant passes
through different phenological stages. The effect of
increasing P can, therefore, be said to be two-fold : (a) to
increase the Ey due to the increase of area of exposure
of plant leaf, (b) to modify the local meteorological
conditions (which had hitherto been assumed to be the
same as those prevailing over the pan) by restricting
incident radiation, reducing the temperature, increasing
the relative humidity and affecting the free movement
of air-masses, all inhibitory to evaporation processes.
The resultant evaporation is a compromise between
these two effects.

The present study has given the formula for calcula-
ting Ep/Ep over the maize field in Bangalore for the
given set of cultural practices. The formula is

XY (CF)=Ez/Ep (11)
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where CF is the correction factor appropriate to
each stage as given in Table 4.

4. Conclusion

The value of Eg/Ep is essentially a function of plant
areas. The present study shows that, while plant
area increases £y by increasing the area of exposure for
water loss, Ey/Ep by no means increases in step with
increase in plant area. This is because plant canopy
modifies the local meteorological conditions in such a
way as to inhibit the increase in evaporation. In the
present study suitable correction factors appropriate to
each stage have been determined empirically and a
formula to determine Eq/Ep appropriate to each stage
is given. They are found to yield values close to
actual values on about 76 per cent of total occasions.
The advantage of this method is that given the values of

Ep an estimate of Ep can be obtained with reasonable
SUCCESS.
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