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ABSTRACT. Based on the data for the period from 1977 to 1992 during the kharif season, mean weekly
evapotranspiration (ET) and its contribution for different phases 10 total evaporative loss have been worked
out for kharifl rice at Canning. The evapotranspiration-evaporation ratio (ET/EP) and crop-coeificient (K,)
have been found to anain peak values during the flowering stage. A relationship between ET/EP and number
of days from transplanting has been developed and this relationship heips in determining ET from a
knowledge of EP and date of transplanting. Ratio of evapoltranspiration to total shortwave radiation (ET/R,).
which represents the combined effect of energy balance components, also reaches its peak value during the
flowering stage. Among the four different energy summation indices, the potential evapotranspiration seems
to be a better parameter for identification of growth stages ofthe crop. Water use efficiency of kharif rice shows

significant year-to-year variations.
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1. Introduction

Rice (Oryza sativa) is a staple food for a large sec-
tion of Indian population. Paddy is a water loving
tropical crop grown in areas where annual rainfall
is 1000 mm or more. Though a hydro-phyte plant,
paddy is grown under varied climatic conditions
from semi-arid to humid il water is provided at
some of its critical phases.

Evaporation from soil and plant surfaces, com-
monly known as evapotranspiration, is a primary
component of the energy exchange function and
determines the production potential of crop specie
and the distribution of natural vegetation. It is
highly correlated with net productivity.

Accurate measurement or estimation of evapo-
transpiration for paddy aids in management of
irrigation facilities; developing sound practices by
agronomists; determining the water balance of
rainfed rice and achieving irrigation or water con-
servation goals to meet the crop’s water requirement
and classifying rice environments where genetic
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and agronomic technology may be transferable
etc.

Studies on evapotranspiration (ET) of rice in
India have attracted the notice of Indian agro-
scientists for quite some time. For instance, Pande
and Mitra (1971) observed total ET loss at
Kharagpur (West Bengal) as 669 mm in rabi season.
Ghildyal and Tomar (1976) found that wet land rice
at Pantnagar transpires nearly 990 mm of water
during its growth cycle. Based on lysimetric obser-
vations, Subbarao er al. (1976) studied evapo-
transpiration (ET) of paddy in relation to pan
evaporation (EP) at Nellore and Canning. They
observed that reduction in crop transpiration is
more pronounced at Nellore than at Canning.
Tomar and OToole (1979) were of the view that
evapotranspiration is a complex process affected
primarily by climatic conditions. They found that
the ET ranged from 4-7 mm/day in wet land rice
fields. Transpiration rate during the course of day
was found more responsive to vapour pressure
deficit and wind speed than solar radiation by
O'Toole and Tomar (1982). Maske and Rathore
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TABIE 1
Agrometeorclogical statistics for kharif paddy

Year Variety Daie of Duration Consumptive Evaporation Potential Seasonal Shortwave
transplanting (days) ET use (EP) ET rainfall radiation
(mm) (mm) (mm) (mm) (mm)
1977 Mut. 1 28-7-77 75 5347 3316 4112 6774 5782
1979 Mut. 1 20-7-79 62 3953 3125 4095 396.3 6606
1980 CSR4 19-8-80 78 395.5 265.0 3669 485.6 6274
1982 CSR-4 20-7-82 82 455.0 3483 403.0 4953 671.6
1983 CSR-6 23-8-83 75 3454 276.6 3399 5532 569.6
1984 CSR4 14-8-84 95 511.3 3464 4652 5876 8123
1986 CSR4 13-8-86 75 4517 4164 4882 13698 93170
1990 CSR4 21-7-%0 o4 4397 3643 441.1 990.9 642.8
1991 CSR4 29-8-91 100 3130 2894 4248 6549 T2v4
1992 CSR-4 30-6-92 130 539.5 502.3 4650 14016 9300
Mean 87 4381 3453 4215 7613 7150
CV (%) 209 16.7 196 103 456 17.8
sD 18.1 73.0 67.5 4315 347.1 1275
TABLE 2
Mean weekly consamptive water use (mm) and crop-coefficient (X,)
at different stages of crop growth
Transplanting  Tillering Flag leaf Panicle Flowering Fruiting Maturity
emergence
Water use
336 372 401 420 463 351 253
(154) (17.0) 9.3) (9.6) (212) (16.0) (11.5)
Crop coefficient
0.80 092 0.95 1.15 1.05 050

N.B. Figures in the bracket indicate phasewise percentage water use of iotal water use.

(1990) using ET data of three different agroclimatic
zones, viz, Ranchi, Bhubaneshwar and Varanasi
concluded that upland paddy cannot successfully
be grown in areas receiving weekly rainfall less vhan
35 mm for a minimum period of 15 weeks. Jenson
and Rahman (1987) formulated a model to calculate
evaporation and transpiration for wet land paddy.
For the entire crop season, they estimated that
evaporation contributed to nearly 1/3 of ET. Singh
and Prasad (1991) studied water use pattern and
yield response of rice under different levels of irriga-
tion at Pusa (Bihar). For selected districts in West
Bengal, Mandal and Kar (1993) determined
transpiration rates of rice in relation to potential
ET.

The great need to improve water management
requires a good quantitative estimate of the con-
sumption of water or evapotranspiration (ET).
Wetland rice is the main water user in many

developing countries. Quantitative understanding
of the water dynamics of the wet land rice system, in
particular with respect of evaporation and trans-
piration, usually the main components of the rice
field water balance would help evaluating suit-
ability of locations suitable for a particular
paddy specie.

In the present study, such an attempt has been
made for Canning (West Bengal).

2. Materials and method

The study utilizes data for 1977 to 1992 crop
seasons for paddy at Canning (22.15°N, 8040°E) in
West Bengal. The soil around Canning is mostly
silty clay loam with field capacity 34.3%, bulk den-
sity 1.56 g/cm? and permanent wilting point 17.5%.
The evapotranspiration (ET) was measured through
volumetric lysimeter located in the crop field and
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Fig. 1. Relationship between ET/EP and days afier transplanting

maintaineu by India Meteorological Department.
This was used to determine consumptive water use
by the paddy plant and the water use efficiency.
The evaporation (EP) values refer to standard
US open pan evaporimeter, while the potential
evapotranspiration (PET) was calculated from
usual meteorological elements by modified Pen-
man’s method. The EP, hourt of sunshine and
meteorological data needed for computing PET
were obtained from the Agromet Observatory
located near the crop field. The incoming solar
radiation (R;) was calculated indirectly from
number of sunshine hours, using Angstrom stan-
dard formula,

Ry =(a +b n/N) R4 (1)

where R, is the theoretical amount of radiation that
would reach the earth’s surface in the absence of the
atmosphere, n is the actual duration of sunshine
hours, N is the maximum possible duration of sun-
shine and a and b are constants. The sunshine
hours were recorded by Campbell-Stroke
Solarimeter.

The rice seed yield figures pertain to the lysimet-
ric tank and represent the economic yield of the
crop obtained by dividing seed production in the
tank by the area of the tank. From the daily weather
data, weekly totals of various agrometeorological
parameters from the date of sowing to physwlog:cal
maturity were computcd Details about variety used,
dates of sowing and harvest etc. are given in
Table 1.

11—1128 IMD/%4

Concept of heat unit (HU) which is based on the
assumption that the plants have particular range of
temperature requirement for their growth, has been
used in the study. The HU has been computed by
subtracting the base temperature of 10°C from the
mean daily temperature. A factor of 0.45 was used
(Meek et al. 1984) to convert incoming radiation
values into photo-synthetically active radiation.
The crop co-efficient (K,), has been estimated using
the relationship :

K,.=ET/PET (2)
3. Results and discussion
3.1. Water use and crop co-efficient

The total growing season, rainfall and total
water use during kharif season are given in Table 1.
Year-to-year variability in consumptive use of water
is generally observed, which probably stem from the
basic variability inherent in monsoon rainfall. It is
seen that total rainfall generally exceeded total ET
during the growing period. This indicates that
excess water was available to the crop over and
above its evapotranspiration demands. The lowest
water, ie., 315 mm was consumed in 1991 whereas in
1992, the crop used maximum amount of water, i.e,,
540 mm. The mean water used by paddy at Canning
was 430 mm. Ignoring the crop specie, it appears
possible to raise paddy in 87 days at Canning. The
mean consumptive use is about 438 mm which is
marginally more than evapotranspirative demand.
However, the rainfall during the crop season is
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Fig. 2. March of ET/R, against growing period

nearly 50% more than the water used. THe
variability in consumptive use is also low, ie,
16.7%.

Analysis of mean weekly ET during different
phases of growth (Table 2) and its contribution to
total water use revealed that during transplanting
the weekly water used is 34 mm, i.e, about 15% of
seasonal water use. The weekly water used during
flowering is found to be maximum compared to
other phases and is 21% of the total ET.

The values of K, in different phases of growth
are also shown in Table 2. It is seen that, the K,
gradually increases from transplanting as the plant
development progresses. The peak value of K., 1.2 is
attained during flowering stage. Effect of plant
senescene is clearly seen by gradual decline in the
K, values during the maturity stage when the value
falls below 0.7.

3.2. ET/EP ratio in relation to crop development

A generalised relationship between ET/EP and
growth rate is shown in Fig. 1. The ET/EP ratio
assume a value of 1.0 right from the beginning of the
crop growth phase. This is because water during
transplanting is non-limiting. During the active
growth phase of the crop, particularly between flag
leaf to fruiting when the crop is completely covering
the ground, the ratio exceeds 1.2. The pattern is
typically a single peaked one, occurring during
flowering with a maximum value of about 1.4. The
sharp decline after flowering is obviously associated

with grain filling and maturity stages during which
the leaves undergo rapid senescence. The mean ET/
EP ratio is found to be 1.3 which generally agreed
with values given by Tomar and OToole (1979) for
different rice varieties in various countries. ET/EP
ratio does not. as a rule, vary much from ET/PET,
since EP and PET both represent evaporative power
of atmosphere. As such, considering ET/EP as a
crop co-efficient, K, it is seen that this ratio agrees
well with the range of 1.05-1.20 crop coefficient
given by Hargreaves er al. (1985).

An attempt was also made to find mathematical
relationship between days after planting (X) and
ET/EP (Z) by fitting a polynomial. In determining
the coefficients only those terms which were statis-
tically significant at 5% level were retained in the
equation. The result obtained is given below :

Z=12-197*10"3¥+84*10-3¥2-7.6*10~6X3 (3)

The correlation coefficient r = 0.86 was quite
high and significant and indicates that from EP, the
ET data for paddy at Canning could be
estimated.

3.3. ET-R; relationship

The incoming solar radiation (R;) alongwith
wind and humidity contributes significantly
towards the total evaporation of the atmosphere.
The ratio ET/R, reflects the combined effect of the
encrgy balance components. The weekly variation
of ET/R; ratio is shown in Fig. 2.
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TABLE 3

Statistics of esergy wnit indices

Mean SD (o) CvV (%)

Transplanting to flowering

HU (*O) 1069.1 1287
EP (mm) 2449 418
PET (mm) 3105 308
PAR (mm) 210.1 21

Transplantation to maturity

HU (°C) 14909 2107 14.1
EP (mm) 3453 675 196
PET (mm) 4215 435 103
PAR (mm) 3141 550 176

TABIE 4

Water wse efficlency

Year Grain yield Water use WUE
(kg/ha) . (mm) (kg/ha/mm)

1977 3613 5347 6.76
1979 3870 3953 979
1980 4300 3955 10.87
1982 2640 4550 5.80
1983 3454 697
1984 2500 5113 489
1986 2540 4517 5.62
1990 3262 4397

3130 6.87
1992 2400 5392 445

ET/R, increases gradually as the vegetative cover
develops. Maximum ET/R; ratio of 0.85 is attained
at flowering stage and decreases almost linearly
later because of the crop senescence. For sandy clay
loam, Namken er al. (1968) found that maximum
value of this ratio was 0.73 for cotton.

The rapid decline of ET/R; ratio, after attaining
peak, indicates reduced transpiration rates due to
lack of available water in the root zone which limits
plant evaporation. The maximum ET/R; ratio was
observed when the plant had attained maximum
height.

Increased leaf area and concurrent increase in
percentage of the ground shaded by the plant
canopy probably explains much of the increase of
the ratio during that time. Subsequently, though the
plant height remained unaltered, rapid senescence
leads to reduced plant evaporation and hence
reduced ET/R, ratio

34. Energy summation indices

The rate of crop development can be considered
as a function of the energy receipts and temperature
conditions prevailing in a season. Sastry and
Chakravarthy (1982) showed that energy summa-
tion indices representing radiation, thermal units
and pan and potential transpiration could be used
for identification of phenological events and
maturity dates in crops. In the study, the value of the
four indices namely heat units (HU), pan evapora-
tion (EP), potential evapotranspiration (PET) and
photosynthetically active radiation (PAR) were
accumulated from transplantation to flowering and
from transplantation to maturity separately and co-
efficient of variation (CV) and standard deviation

(¢) were compuied. As may be seen from Table 3,
among the four indices, PET has the lowest CV
equal to 9.9% and 10.3% for the period transplanta-
tion to flowering and transplantation to maturity
respectively. The HU and radiation based units
gave relatively higher CV for both the stages of crop
growth. CV was found to be highest in case of pan
evaporation during both the stages. Of all the
indices, PET proved to be the best parameter for
both the stages for identification of various phases
of the crop. The kharif paddy growing season at
Canning corresponds to the south-west monsoon
season during which EP shows high year-to-year
variability due to variations in sky conditions.

3.5. Water use efficiency

When the actual evaporation falls short of its
potential, the actual yield should also be less than
the maximum. However, the relationship between
the evapotranspiration and yield in the field may or
may not be linear as has been found between
transpiration and dry matter production in
experiments. This is partly because the fraction of
the evaporation that does not contribute to the plant
growth varies throughout the crop life-cycle. The
ratio of crop yield to evapotranspiration known as
Water Use Efficiency (WUE), serves as a very useful
tool in crop and variety selection for maximum
yield per unit of water consumed. The WUE is thus
given by

WUE = Y/ET 4)
avhere, Y = Yield of crop

ET = Cumulative evapotranspiration during
crop growth period.
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If yields were completely independent of ET,
any factor which causes an increase of yield or a
decrease of ET, would have a favourable effect on
WUE. If yields were proportional to ET, water use
efficiency would be constant. Actually numerator or
denominator in the above equation are not
independent of each other. Both are influenced
independently or differentially, by crop manage-
ment and environmental factors. The numerator ¥
is also greatly dependent on moisture regime, the
more water available to the crop, the higher the
yields. A greater water supply will, however also
increase the denominator ET. The WUE of paddy
for different years are shown in Table 4. Corres-
ponding yield and ET are also presented in the
table.

It is seen that the WUE varies from year-to-year
with a minimum 4.5 kg/ha/mm in 1992 to a maxi-
mum 10.87 kg/ha/mm in 1980. In 1991, despite poor
-yield of 2150 kg/ha. WUE is somehow large (i.e. 6.9
kg/ha/mm), because of low cumulative ET of 310
mm. The wide variations in WUE may be attributed
to the plant species and varying environments in
different years.

4. Conclusions
The following conclusions could be drawn :

() The weekly water use and crop co-
efficient during flowering are found to be
maximum compared to other phases.

(if) The pattern of ET/EP ratio is typically
a single-peaked one occurring during
flowering. This ratio is closely related to
growth rate.

(iif) ET/R; ratio increases gradually as the
vegetative cover develops, reaching maxi-
mum during flowering stage.

(iv) PET seems to be a better parameter for
identification of phenological events.

(v) Water use efficiency revealed a high
degree of year-to-year variability.
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