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1, Introduction

" Temperature and sunlight have profound effect on
the photosynthesis of crops. In the Great Plains of
USA, the temperature effect has been found to over-
fide the effects of rainfall. For estimating plant growth
\and development, the concept of heat units based on
|Iair temperature has been found to give encouraging
tesults, For the crop of the same strain, heat umnits
vary according to the date of planting and ripening
(Gupta 1987).

Crop coefficients have often been used for estimating
evapotranspiration (ET). Mederski er al. (1973) found
classification of crop coefficients for accumulated heat
units more useful and less variable. Hattendorf et al.
(1988) used fraction of the thermal unit concept to
obtain normalised crop coefficients,

Wheat in India is grown during winter as a major
cereal tabi or winter crop. The present study has
undertaken to explore, how variations in temperature
above a certain threshold value affects the crop growth
and its yield. Attempt is also made to determine,
ET values from the crop coefficient heat unit relation-

ship,
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ABSTRACT. A methodology has been presented to compute basat crop coefficient from soil moisture and
heat unit accumnulations, for wheat in the humid region of northeast India. In developing the method data from
1976-77 to 1981-82 crop seasons for the Senalika variety of wheat from germination to maturity have been used
and tested on independent data set for 1982-83 and 1985-86 crop seasons.

Milk stage to physiological maturity stage is found to use maximum _fraction of heat unit totals. The largest

value of basal crop coefficient is about 1.5 occurring during milk stage of the crop growth. Very high correlation
is noticed between the actual ET and those computed from the model.

Heat units, Evapotranspiration, Soil evaporation,

2. Data set

Crop and ET data for Jorhat (26 47' N, 94° 12'E)
located at a height of 91 m above msl in the Brahma-
putra valley have been utilised. The station according
to Chowdhury and Sarwade (1982) belongs to per
humid climate zone. Weekly data of weather elements
and ET for 1976-77to 1981-82 ctop seasons were used
in the analysis. During the enfire period, the same
strain, ie., Sonalika was sown in the evapotrans-
piration field. The model developed was tested on
independent data of the station for 1982-83 and 1985-86
when wheat of the same vartety was sown.

3. Heat unit concept

Among the many agroclimatic factors, temperature
markedly influences physiological and morphological
development in plants, In evaluating the effect of
temperature on plants, concept of heat units, which is
based on the assumption that the plants have a parti-
cular range of temperature requirement for their
growth, development and maturity, is often used.
Many investigators have computed and applied the
concept of heat units as a guide in planting and har-
vesting multiple cropping system for effective land use,
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Fig. 1. Disiribution of basal crop coefficient with
respect to heat units.

The heat unit is given by mean daily air temperature
minus the base threshold temperature. Different in-
vestigators have used different threshold temperatures
according to their objectives in view. Holmes and
Robertson (1959) for instance, used 10° C as the base
in their studies on peas. Iwata and Okubo (1969)
developed an index for corn planted on different dates
also using 10°C as the base.

In the present study the base temperature of 5°C
was used. This threshold is based on the presumption
that plant activity gets greatly retarded below 5° C.
Negative values of heat units have been taken as zero
in accumulating the units. Daily values of the units
have been summed for each growth stage from emer-
gence till physiological maturity (~75%of the plants
turning yellow).

Heat units were accumulated for each of the growth
phases, viz., germination, tillering, flowering, milking and
physiological maturity, The accumulated heat units
for each of the three growth intervals, ie., germination
to tillering, germination to flowering, germination to
milking were then divided by the accumulated units
from germination to physiological maturity to
obtain fraction of heat units (FHU) for these
development stages.

4. Crop growth and utilisation of heat units

The total heat units utilised by the Sonalika variety
of wheat is given in Table 1. The table also summatises
the fraction of total growing season heat units accumu-
lated from germination to the three selected growth
intervals mentioned above. The total heat units
(germination to maturity) varied from nearly 1300 to
1500 heat units with a mean of about 1440 units. The
fraction of thermal units for any of the three growth
intervals varied within very narrow limits. From
germination to tillering the heat units used is about
177, of the total heat units needed for growth. The
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Figs. 2(a & b). Estimated and actual evapotranspiration
relaiionship for the years: (a) 1982-83, and
(b) 1985-85

FHU is about 40%, for the period up to flowering ani
60°, till milking. By and large maximum heat unit
i.e., about 40% are utilised by the wheat plant betwes
milking and maturity.

5. Basal crop coefficient

For any stage of growth, normally, the crop coeff
cients are calculated as the ratio of actual evapotrans
piration (ET), to the reference or potential evapotrans
piration (PET). Wright (1982) has, however, adve
cated use of another crop coefficient called the “Basa
crop coefficient’. He defined basal crop coeflicient &
a situation when the soil evaporation was minimé
though availability of soil moisture within the rod
zone of the crop did not limit the plant or its growt
The basal crop coefficient, thus, makes use of availabl
soil moisture at the root zone.

The method of calculating the basal crop coefficien!
K, is given below :
In these calculations, first a factor called “adjustmen
factor for available soil water”, K, is computed. Thi
is given by :

K, =1, when ASM/FC > 0.5
K, = (ASM/FC)/0.5 if ASM/FC<0.5

where, ASM is the available soil moisture and FC thi
field capacity of the soil. In case when ASM/FCE
less than 0.5, K, is less than one. The basal crof
coefficient :

K., = (ET/PET)/K, (
The effective rootzone of the wheat crop is assumet
as 60 cm. As such, soil moisture measurement @

this depth has been considered. The PET values we
calculated by using Penman-Monteith formula :

PET = W.R, + (1—W) f(). (e,—e,)
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TABLE 1

Heat units in different growth stages as fraction of total growing
period heat units

TABLE 2

Summary of basal crop coefficient from germination to maturity

Germination to Total heat
Year r —A- . units from
Tillering Flowering Milking  germination
to maturity
(Fraction of heat units)
1976-77 0.16 0.41 0.55 1487
1977-78 0.17 0.40 0.56 1325
1978-79 0.17 0.44 0.64 1519
1979-80 0.15 0.50 0.63 1375
1980-81 0.17 0.46 0.63 1375
1981-82 0.17 0.43 0.60 1532
Average 0.17 0.44 0.60 1435

where, W is temperature related weighing factor,

R, is net radiation equivalent evaporation (mm/
day),

f(u) is the wind related factor,
e, is the actual vapour pressure (mm), and
¢4 is the saturation vapour pressure (mm).

In computing K, and K,;, only weeks with no rain-
fall were considered first. The sample thus available
was rather small. To supplement the data, periods when
the weekly rainfall was up to 15 mm were also con-
sidered. A term K, to account for soil evaporation
during the three consecutive weeks following rain of
such an amount was calculated as below :

K, = 0.8 (1.5—K_) for 1st week following rain,
K,=0.5(1.5—K_) for 2nd week following rain,
K,=0.3(1.5 — K) for 3rd week following rain (4)

The weights 0.8, 0.5 and 0.3 in the above equations
were chosen for the medium textured soil at Jorhat
(¢f. Wright 1985). The number 1.5 in the parenthesis
represent the mean maximum value of K, determined
from the earlier data set when only dry weeks were
considered. The K, values in these equations were
obtained from Eqn. (6), developed from FHU and K,
relationship when the weekly rainfall was zero. The
evaporation for the week (with rainfall upto 15 mm)
was obtained as K, X PET. In computing evaporation
the cases when the total evaporation during the three
weeks following the rains exceeded the weekly rainfall
were neglected. ET values are then calculated as :

ET = ET, —K, % PET (5)

where, ET, represents the lysimetric values. The K,
for rainfall up to 15mm cases was then calculated from
Eqn. (2) by replacing ET by ET,.

The K,; values for all periods (i.e., dry weeks and
those with rainfall up to 15mm) were then used in
producing the final basal crop coefficient curve through
regression analysis.

* Figures in the parenthesis represent partial £ values,

Germina- Tillering  Flowering Milking
Year tion to to to to

tillering  flowering milking maturity
1976-77 0.53 1.04 1.79 0.78
1977-78 0.69 1.26 1.73 1.24
1978-79 0.59 1.25 1.66 1.01
1979-80 0.57 1.20 1.24 0.88
1980-81 0.54 0.94 1.19 0.97
1982-82 0.40 0.90 1.40 0.65
Average 0.55 1.09 1.50 0.92

It may be mentioned thatin this study the maximum
value of basal crop coefficients (K,) would be realised
when actual evapotranspiration is significantly larger
than its potential value, while at the same time, the
available soil moisture at the root zone is at least half
of its maximum capacity. On the other hand, the
lowest value of K, would be attained when evapotrans-
piration is small ascompared to PET but available soil
moisture is significantly large and near the field capa-
city.

6. Distribution of basal crop coefficient

In the first instance relationship between K and
FHU for the weeks without any rainfall was developed.
A third degree curve in FHU was fitted to K. Re-
taining only those terms with partial coefficient signifi-
cant at 1% level the following equation was obtained :

K, =0.3242.90 FHU—2.93 FHU?
_ (11.22)*  (9.68)*
r=0.81 (6)

The plot of K, versus FHU of the combined data
is shown in Fig. |. Fitting again a second degree
curve and retaining only the statistically significant
terms as before the following equation is obtained :

K;,=0.19 -- 4.47 FHU —4.24 FHU?
(10.06)* (9.29)*
r=0.76 (7)

It may be seen that introduction of cases with rainfall
up to 15 mm change the FHU-K, relationship curve
from cubic to a parabola. There is also marginal
reduction in the correlation coefficient.

The regression curve shows a typical mono-model
pattern with K, = 1.5 corresponding to a FHU
value of 0.6 at the milk stage. Such single peak value
of crop coefficient is a characteristic feature of nearly
all field crops (Amos et al. 1989).

Stagewise mean values of K, are given in Table 2.
On an average the K, value appears to attain the maxi-
mum of about 1.5 between the flowering and milk
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stages. After the milk phase, values remain close to
1.0 till maturity but subsequently decreases sharply
when senescence or abscision commences. High values
of crop coefficients are not uncommon, for instance,
Olderman and Frere (1979) observed value of crop
coefficients as high as 1.4 for rice crop in Thailand.

7. Computed and actual (lysimetric) ET : A comparison

The values of K, could be used to estimate eva-
potranspiration (ET,) following Wright (1985) :

ET. = (K, > K,+K,) PET

In the study, the model developed was applied to the
wheat (Sonalika variety) for the crop seasons 1982-83
and 1985-86. The actual (lysimetric) and estimated
evapotranspiration values were then subjected to y*-
test. The x* values were not significant, confirming
that the estimated values were not significantly different
‘from the actual ones. The estimated ET values were
regressed with lysimetric values for the above two years.
The results are shown in Figs. 2(a&b). The following
relationship between these two could be established:

Y=10.96+-0.23 X (8)
r=0.88 for 1982-83
Y=0.9940.54 X (9)

r=0,87 for 1985-86

The correlations were highly significant and clearly
established the utility of fraction of heat unit as a crop
coefficient base in estimating evapotranspiration, in
any stage of the growth from germination to harvest,

8. Conclusions

The following conclusions could be drawn from the
study:

(i) The basal coefficient is a better parameter than
the ordinary crop coefficient in crop growth
studies.

(i) The maximum utilisation of the heat units
occur from milking to physiological maturity
stage of the crop.

(7if) The maximum values of basal crop coefficient
for wheat occurs during the milk stage and is
about 1.5.

(v) Evapotranspiration can be casily estimated from
the soll moisture and potential evapotranspi-
ration,

(v) The relation between basal crop coefficient and
the fracton of the heat unit is non-linear.
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