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Calculation of Evapotranspiration in Rice*

M, R. IRUTHAYARAJ! and Y. B. MORACHAN®

An investigation was carried out during 1971 10 1873 at the Tamil Nadu Agricultural
University, Coimbatore, to calculate the evapotranspiration in rice by different formulae, 1t~

was found thei the modified farmula of Q

0.24 S using the Bellani spherical pyrano-

meier was the best from the paint of accuracy, simplicity and vime,

Meteorological parameters play a
greater role in evapotranspiration of a
crop, especially when the plant cover
is adequate and the moisture supply is
not limiting. Penman (1948) and
Thornthwaite (1948) stated that when
water supply is abundant, evapotrans-
piration is a physical phenomenon
governed by the incident energy ata
place and is not a physiological pro-
cess. Many indirect methods of esti-
mation of evapotranspiration have been
attempted using meteorological para-
meters (Blaney and Criddle, 1950;
Christiansen, 1968). However, Chris-
tiansen (1968) had pointed out that
any formula develcped should be
simple, use all the climatic parameters
affecting evapotranspiration and be
applicable in a wide variety of situa-
tions.

Keeping this in view an attempt
was made to compara the calculated
evapotranspiration by the differant for-
mulae with the actual measured evapo-
transpiration and to develop a formula
based on the meteorological factors

that would fit better under the experi-
mental conditions.

MATERIAL AND METHODS

The experiment was conducted in
the wetlands of the Tamil Nadu Agri-
cultural University, Coimbatore, during
the years 1971 to 1973. Coimbatore is
situated at 11° N 77° E at an altitude of
498 mewres above mean sea level. The
average rainfall is 613.6 mm received
in 49.8 rainy days,

The treatments were : Water manage-
ment treatments : |, - maintaining 5cm
water depth daily throughout the crop
growth | - maintaining 5cm water
depth daily throughout the crop growth
with stoppage of water for five days
aonly at the end of the tillering stage,
|3 - maintaining saturation daily throu-
ghout the crop growth period, |, - main-
taining 5 cm of water depth daily for
four days and afterwards stoppage of
water for four days and ls - maintaining
5cm of water depth daily for eight days
and afterwards stoppage of water for

* Part of the Ph. D, Thesis of the first author submitted to the Tamil Nadu Agricultural University.
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eight days. The varieties tried were V -
Kannaki( IR 8 X TKM 6) and V, - Bala
(N.. 22 X T(N) 4). The N levels tested
were N 0-0 kg, Ny-60kg, N, - 120kg,
N3 - 180 kg and N4 - 240 kg N/ha. A
common dose of 60 kg each of P,0s
and K,O/ha wais applied uniformly to
all the plots.

The experiment was laid out in
split plot design with water management
and variety allotted to the main plot
and N levels to the sub plots, replicated
thrice. In all, two monsoon (wet) and
two summer (dry) crops were taken.

In order to estimate the evapo-
transpiration and effective rainfall, the
drum culture technique evolved by
Dastane etal. (1966), but slightly
modified, was adopted. Empty earthern
pots of 45 cm height and 45 cm dia-
meter with and without bottom were
buried at 30 c¢m deep in the soil so
that 15 cm protruded outside the soil
The pots were made leak proof hy
coating inside and outside with wax
and black paint. The meteorological
parameters recorded at the agrometeo-
rological observatory of the university
farm were utilised for calculation of
evapotranspiration.  Daily values of
avapmranspiratinh were measured at
0800 hours. Mec Culloch’s { 1965 )
Tables foreasy computation of Penman’'s
(1848) values as furnished by Dastane
(1972) were utilised in the calculation.
The "K' factor viz, the monthly con-
sumptive use coefficient as given by
Dastane (1972) was used in the cal-
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culation of Blaney and Criddle (1950)
formula.. Thornthwaite (1948), Ivanov
(1966) and Johnson (1965) tormulae
were also used for calculation of eva-
potranspiration.

RESULTS AND DISCUSSION

The Thornthwaite formula gave
very low values and was found to be
the least accurate of the methods.
Dastane (1972) found that the Thornth-
waite formula underestimated the
evapotranspiration. Similar results were
obtained in the present invastigation
also and hence are not presented.

The formula proposed by Johnson
(1865) also gave low evapotranspira-
tion values compared to the sctual
evapotranspiration and hence a modi-
fied formulae was arrived at. The
modified formula is, O = 024 S,
The solar radiation measured by the
Bellani Spherical Pyranometer was
used.

In order to assess which of the
formulae is best suited for calculating
the . evapotranspiration, the actual
measured evapotranspiration for indi-
vidual water management treatments
was divided by the evapotranspiration
obtained with the formulae. The ratios
between the actual evapotranspiration
and calculated with Ivanov, Blaney and
Criddle, Penman and the modified
formulae are presented in the Table.
It is seen from the Table that the ratio
between the actual evapotranspiration
and calculated Ivanov and Blaney and
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Criddle showed rather consistent patt-
ern, but the ratio in the monsoon season
was higher than that in summer. The
ratios for the two varieties also varied.
Except for the |, treatment, actual
evapotranspiration was greater than
that estimated in both the methods
since neither method considered the
radiation and humidity conditions.
Dooarenbos and Pruitt (1975) clearly
showed the need for adjustment of
Blaney and Criddle estimate under
different general ranges of sunshine
and humidity. The ratios obtained
between actual evapotranspiration and
that calculated with Penman and modi-
fied formula were close.

The perusal of the data in the Table
showed that in |5 treatment the ratios
were almost near unity bothin summer
and in monsoon seasons and in both
the varieties. However, under |4 treat-
ment the ratiosranged from1.16t0 1.31.
This is not in conformity with the con-
cept that Penman formula gives the
value of evaporation - that could be
obtained under non-limiting water con-
ditions. This difference may be due to
the effect of plant canopy effect under
which the actual evapotransipiration
was estimated. Compared to other for-
mula gave the best estimate with smaller
range of errors. Much of the evidence
reviewed I5~,r Penman {1555} supported
his hypothesis that vegetati-ﬁn. with its
reots in moist soil and with leaves
forming a complete canopy, transpired
to a maximum or pnténtial rate deter-
mined primarily by weather. It might be
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emphasised, however, that such rela-
tionships between climste and growth
are conditioned by adequate water
supply to the roots. Penman formula is
perferred as it offers tho possibility of
analysing the relative importance of the
various climatic factors in determining
the rate of water |oss under the nonlimi-
ting soil moisture conditions. Penman
formula gave the best it under non-
limiting  water supply conditions
(Stanhill, 1865).

The modified formula takes into
account the solar radjation as measured
by the Bellani Spherical Pyranometer.
The rate and amount of evaporation
are governed by the energy supply to
the evaporating surface. As long as
the soil surface remains wet, water is
{ost from a bare soil through the process
of evaporation at-approximately the
same rate as froman open water surface
(Marshall, 1953). The rate ot transpi-
ration is governed by ihe radiant energy
receivad at the leaf surfaces with the
important exception that regulation of
water loss could be affected by stomatai
movemant induced by water deficits in
quard ceils (Mongelsrd and Nickell,

- 1972).
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There was not much difference in
the ratios in both the seasons. The
values ranged form 1.00 to 1.33 and
1.02 1o 1.32 in monsoon and summer,
respectively. As in the case of Penman
formuia, in |3 treatment the ratios were
near unity Indicating that the formula
represented the actual evapotranspira-
tion of the plant. In | treatment the
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TAELE Ratio batwean aciual evapotranspiration and calculated evapotranspiration.

Water Kannaki (V) Bala {(V2)
manage- Monsoon Summer Monsoon Summer
ment —_— —— P ——
traatmant 1371 1372 Mean 1872 1873 Mean 1971 1972 Mean 1872 1973 Mean
IVANOV FORMULA
Iy 1,29 1.40 1.35 148 1,07 1.3 144 1.31 1.37  1.08 .26 1,17
la 1.30. 1.3¢ 1,32 1.72 1,03 1,08 142 1,27 134 1.04 1,20 1.12
Is .05 1,19 1,17 0.86 0.8% 092 (.18 1,45 1,17 082 1,01 096
Iy 1,32 138 1,35 1.1 1,02 1.07 1,44 130 137  1.01 1.3 1,10
Ia .27 1.3 1,31 1,09 1.02 1,06 1.41 128 1,36 1.01 1,16 1.09
Mas 1.29 1.33 1.08 1,01 .38 1.26 .01 116
BLANEY AND CRIDDLE FORMULA
Iy 109 126 118 130 1.29 1,30 1,11 1.22 146 133 132 1.32
la 110 1.20 1.15 1.24 1.25 1.24 1.08 1.18 1.14 1.26 1.26 1.26
ls 096 1.07 1,02 105 107 106 091 107 089 112 1.06 1,09
la 111 124 117 .22 124 1,23 1,11 121 116 1,22 125 1.24
Is 107 121 144 1.20 123 122 1.08 1,19 114 1,23 1.22 - 1,23
Mean 1.07 1,20 1,20 1,02 1.06 118 .23 1.2
b
PENMAN FORMULA
n 1.16 1,18 117 117 130 123 1.98 1,21 1,20 1.4 1,31 1,23
Ia 116 112 1,14 111 125 1,18 118 117 117 108 1.26 117
iy .03 1,00 1,01 “0.84 108 1,01 098 106 1.02 0.97 1.05 1.0V
le .18 116 117 1,09 1,24 147 119 120 1,20 1,05 1,24 115
P 144 113 113 108 1.24 18 117 119 118 1.06 1,21 114
Mean 113 1.2 1.08 1.22 1.14 197 C 08 12
MODIFIED FORMULA
h 18 126 122 126 132 128 1.22 133 1,28 126 1.30 1.28
s 118, 118 119 1.9 1,26 1.23 .21 129 1.26 119 1,25 1.22
la 104 1.06 106 1,02 109 1,06 1.00 117 105 106 104 1.05
le 1.19 1,24 1,22 1B 1,26 1,22 1,22 1,33 1,27 1,18 1,24 120
ls 146 1.21 118 1146 1.25 1.21 118 1,31 1.26 117 121 1,18
Mean 1.16 1,19 1,16 124 1.17  1.29 17121
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ratios ranged from 1.18 to 1.33. This
showed the great similarlity in the pre-
dicted evapotranspiration batween
Penman formula and the modified
formula.

Among the six empirical methods tes-
led for calculating evapotranspiration in
rice, it was found that the modified
formula, Q@ = 0.24 S, where Q, is the
evapotranspiration in m3/ha/day and
S is the measured solar radiation in
cal/cmZ{day using Bellani Spherical
Pyranometer, was the best for calcula-~
tion of evapotranspiration taking into
account, the accuracy, simplicity and
time consumed. The next best was
Penman formula which required large
volume aof data and tedious calculations

REFEREMCES

BLANEY, H, F. and W.D. CRIDDLE, 1350,

Deatermining water requirements in irrigated:

areas from climetological and irrigation data,
United States Depariment of Agriculture.
Suil Conservation Service Technical Paper 96

CHRISTIANSEN, J, E. 1968, Pan evaporation
and evapotranspiration from elimatic data.
J. lrr. Droin @4 : 24365,

CHRISTIANSEN. J. E and G. R. HARGREAVES,
1870, lrrigation requirements from evapora-
tion. Intr. Comms. lrring. and Draincge 7th
Cong. 23 : 562—86,

DASTANE, N. G. 1872, A Practical Manual for
Water Use Research in Agriculiurs, Navab-
harat Fral-;asl_lm. Poona-2, ?nd ed.

DASTANE, N, G.. VaK, VAMADEVAN &nd C. S.
SARAF, 1966, Review of technique emplo-

440

[Vol, 67 No, 7

yed in datermination of water requirement
ol tice in India. International Rice Commis-
sion Meeting. Leka Chatles, USA,

DOOREMBOS, J, and W. O, FRUITT. 1875,
Guidelines for predicting crop walar require-
ments. !rrigetion and Drainage Paper.- 24,
F. . O. Rome, pp. 197, '

IVANOV. N. N. 1986, 'Kﬂmutufnclja Ser. Geogrof
nauki irrig. 13, 197—88.

JOHNSON, 1965, Irrigation in rice, International
Rice Research |nstitute, Los Banos, Philip-
pines. Mimeo.

MARSHALL, T. J. 1859, Relation between
Water and Soil. Commonwealth Agricultural
Bureaw. Technical Communication No. 505,

MCCULLOCH, J. 5. G, 1965. Tables for rapid
computation of Penman estimates of evapor-
ation, Eost Afr. agric. Forestry |, 30: 285
— 99, ’ )

MONGELARD, J, C, snd L. G.-NICKELL, 1972.
The sugarcane plant in soil plant atmospheric
continuim Proc, Internationa! Soc, Svparcene
Technol, 14 : B27—AD, :

PENMAN, H. l. 7948. Natural evaporation from
open water, bare soil and grass, Proc. Royo!
Soc. London Series A. 193 : 120—45

PENMAN, H. L. 1965, Veagetation end Hydraology
Commonweslth Buresu of Soil. England.
Tech, Comm. No. B3.

STANHILL, G. 1965. The concept of potential
evapotranspiration in arid zone agriculture.
Proc. Montpellier Sym, UNESCO. pp. 109
—17,

THORNTHWAITE, C. W. 1948, An approsch
toward & rational classification of climate,
Geog. Rev, 38: 6594,



