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ABSTRACT. An attempt has been made to determine a base scale for evapotranspiration (ET) crop coe-
flicient curves based on a fraction of thermal units concept. A crop coefficient curve for sorghum was developed
using data obtained from 1982 through 1988 at Bellary, and then used to estimate ET for 1988-89 and 1989-90,
The lincar regression of estimated ET rates against measured ET rates was performed for both the years and werg

found significant at 1 % level,
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1. Introduction

A vital part of an irrigation management program
is availability ol rcliable cstimates of crop water use,
i.e., the loss due to evapotranspiration (ET) which
depends on climatic parameters such as radiation
received, temperature. wind speed and vapour pres-
sure deficit, type of the soil and the growth stages
of the crop. Evapotranspiration (ET) crop coefficient
curves (ratio ol actual crop ET to a reference crop
ET pletted vs, a time or crop development base scale)
are often used in estimating actual crop ET. The
reference crop ET is usually approximated from wea-
ther data.

Various scales have been used in normalizing crop
coefficients including days after emergence (Stegman
et al. 1977), crop growth stage (Docrenbos and Kassam
1979), percentage time from harvest to harvest by
cutting in alfalfa (Medicage Sativa 1L.) (Wright 1982),
per cent of time from planting to full cover and then
elapsed days after full cover (Wright and Jensen 1978)
and cumulative reference ET (Hills er al. 1983). Wright
(1985) stated that rather than percentage timeof

Crop coefficient, Maturity, Fractional thermal unit, Evapotranspiration.

clapsed days as a basis for normalizing crop coeffi-
cients, a means of relating crop coefficients more
directly to crop development would be better. Clas.
sifying crop development based on temperature was
found to be useful by Mederski er al. (1973), since
temperature is the major environmental factor that
determines the rate of plant development (Johnson &
Thornley 1985, McCloud 1984). A method used to
evaluate the effect of temperature on development
rate sums the daily mean temperature above a base
temperature, currently referred to as thermal time
measured in day-degrees ("Cd) (Montecith  1984)
Mederski et al. (1973). found that accumulated heat
unit methods based on temperature were about half.
as variable as the calendar day method for classifying
hybrid maturity of corn.

One major drawback in basing a crop ccefficieng
curve on accumulated thermal units is the difficulty in
using the curve with cultivars that have different
growth durations. Hattendorf er al. (1988) and Amos
et al. (1989) used a fraction of growing season concept.
based on thermal units, to ncrmalize crop coefficients.
The objective of this work was to develop such a curve
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Fig. . Relationship between hasal crop coefficien: values vy fraci-
ion of thermal unit (1982-1988)

TABLE 1

Summary of tota! thermal units from crop emergence to physiologi-
cal maturity and the fraction of total growing season thermal
units accumulated from crop emergence fto selected
growth stages

Emergence to

A

Flowering  Grain  Physiological

Year Cultivar formation  maturity
[Fraction of thermal [Thermal units]
units] (Cd)
1982-83 SPV-86 0. 68 0.88 1567
1983-84 SPV-86 0.67 0.87 1515
1983-84 CSH-5 0.62 0.84 1593
1984-85 SPV-86 0.67 0.86 1596
1984-85 CSH-5 0.65 0.90 1628
1985-86 M-35-1 0.62 0.81 155
1986-87 SPV-86 0.67 0.87 16%2
1987-88 SPV-86 0.65 0.84 1576

for sorghum and then to evaluate its ability to estimatz
ET of cultivars that differ in to'c! therma! unit
requirement.

2. Materials and method

Bellary (157 09" N, 76" 51" E) is situated in the
sub-tropics at an elevation of 445 meatres a.ms.|.
Sorghum was chosen for the present study.  Thz crop
is grown duiing rabi scason from September to Fe-
bruary. Mecleorological data for the crop growing
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Fig. 2. Esiimaied  evepotranspiration vy measured evapo-
wranspiration by cultivar during 1938-89 & 1989-90
and regression analysis for pooled data

pariod (Szptembzr to February) were collzcted from
1982 through 1990. Thz daily wsathzr data on tem-
peraturz, relative humidity, wind spzed., duration of
bright sunshine and rainfall were collectad from the

data registers,

The AET valuss for sorghum crop was mzasured
using gravimetric lysimeters. The weekly mezans of
AET (referrad hereafter as ET crop) were calculated
from the dailv mean valuzs for each year.  Modified
Penman method (Doorenbos & Pruitt 1977) was uscd
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for the quantificztion of weekly mean PET. culled

reference evapotranspiraticn (ET,} herealter.

Crop coefficients (K.) were computed using the
measured evapotranspiration rates (ET crop) and the
reference evapotranspiration rates (ET,), from the fol-
lowing relation :

ET crop = K, ET,

The base temperature for sorghum is considered
as 8°C for the study (Varshneya and Karandz 1990).
Accumulated thermal units for each of the phznological
phases and from emergence to physiological maturity
were computed by summing up daily thermal units.
Fraction of thermal units (FTU) d=fined as the thermay
units accumulated from emergence to the time in
question, divided by the total thermal units accumulated
from emergence to physiological maturity were computed.

3. Results and discussion

In order to assess the predictability of fractional
thermal units (FTU) as the bass scale in estimating
evapotranspilation undzr rainfed conditiors, the evapo-
transpiration crop coefficient vy fraction of thermal
units relationship has been developsd using a data set
based on three different cultivars, viz., SPV-86, CSH-5
and M-35-1.

Therma! unit totals from emergence to physiological
maturity are summarized in Tablz 1. Also includsd
is the fraction of rotal growing season thermal units
accumulated from emergencz to two selected growth
stages, wiz., emergence to flowering and emergence
to grair formation. It is seen that fraction of thermal
units from emsrgence to flowering and from emergencs
to grain formation rang: between 0.62-0.68 and 0.81-
0.90 respectively.

The crop cocflicients calculated or  weekly basis
(1982 through 1988 data) vs, fraction of thermal units
arc plotted in Fig. 1 The K_ regression cquation
listedin Fig. 1 and the regression coefficients  are
signficant at P << 0.0l (F and 1 tests were performed
respectively). Maximum K_ is 0.85 (Fig. 1) and cccurs
when corresponding FTU is 0.58, just before flowering
stage (Table 1).

This finding i¢ consistent with published  data.
From the data of Doorenbos and Pruitt (1977), the
maximum crop coefficient value for sorghum was
attained at active vegetative and flowering stages.

Though th: maximum vulues of K, at these stuges
were slightly lower than that reported by Doorenbos
and Pruitt yet the pattern of the K, curve was similar,
Slightly lower valuz of crop cozflicient may be att-
ributed due to low water supplying capacity of the
soil under rainfed conditions. The secondary maxima
at early stage of growth may probably be due to higher
ratec of soil evaporation under non-limiting warer
supplying capacity of the soil at this stage.

In order to assess usefulness of this technique the
sstimated ET was plotted vy measured ET for the
1988-89 and 1989-90 date (Fig. 2). The linear regres-
sion equation: for the years sepatatcly and for po-
oled data are presented in Fig. 2. Correlation coef-
ficients listed in Fig. 2 are significant at P < 0.01,

4. Conclusions

The use of fraction of thermal units to normalize
basal crop coefficient values for sorghum was suc-
cessful in this study. With the crop coefficient curve
developed with 1982 through 1988 data, it was pos-
sible to successfully estimate ET during 1988-89 and
1989-90.  Fraction of thermal units does appear to
be a useful technique in normalizing sorghum
development.

With the help of crop coefficient curve, it would be
possible to estimatz evapotranspiration for cultivars
of different maturity lengths.
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