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ABSTRACT, Complex behaviour of stress indices with relative evapotranspiration was observed in early
amd late sown wheat, however. under normal sown conditions it was linearly decreasing. Predawn leal water
potential samd transpication ste proved 1o be a stable steess index parameter for characterising the internal
moisiire sttus in the plant as compared 1o the canopy temperature and stomatal resistance under stress con-
ditions in wheat. Since it is easy to guantily canopy/leal temperatuee and within seasonal variations it is

widely  osed  for scheduling  drvigation and

development in wheat.

(uantifying

moisture  stress effects on growth  and
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1. Introduction

The ratio of actual to potential evapotranspira-
tion. termed as relative evapotranspiration has been
uscd by several workers with different nomencla-
ture as stress indices in crop production aspecits
(Veihmeyer and Tlendrickson 1955, Pierce 1958,
Thornthwaite and Mather 1955, Van Bavel 1953
Holmes and Robertson 1963, Philip 1957, Dale and
Shaw 1965, and Stanhill 1961).

In the present paper attlemps have been made 1o
study the hehaviour of relative evapotranspiration
with these stress indices in order 1o quantify the
actual moisture statos in plants influencing the
yicld attributes. This moisture adequacy index has
potentiality to estimate the agricultural potential in
terms of irrigation requirement. land use planning
and formulation of cropping paticrns to make best
usc of available resources.

Stress indices based on canopy temperature and
internal moisture status as leal water potential
(Meyer and Green 1980, Hall and Larson 1982).
canopy temperature (Idso er al. 1977, [dso er al. 1981,
Jackson er al 1977. Turk and Hall 1980). and
transpiration rate (Rosenberg er al. 1983, Salime and

(3

Todd 1965) have been used to explain the variability
in vield attributes and scheduling of irrigation.

2. Material and method

A field experiment was conducted with wheat
variety (WI-147) with flive dates of sowings D to D5
(29 October,-14 & 29 November. and 14 & 29 Decem-
her) and three levels of irrigations (Iy — presowing.
Iy — presowing + CRIL [ — presowing + CRI +
Anthesis) in split plot design with 3 replications
during 1990-1991 and 1991-1992..Row spacing was
22.5 ¢m with N-S orientation having a gross plot
area of 11.25 X 4.0 m>. Within each main plot and
subplot a distance of 2 m and lm respectively was
kept [or path. Recommended packages of practices
for wheat were adopted for management.

Weckly soil moisture samples were taken during
drying cycles by gravimetric method from sowing to
harvesting and also before and after each irrigation.
Soil samples were taken at 0-15. 15-30. 30-60. 60-90
and 90-120 ¢m soil depth layers. Canopy tem-
peratures were recorded at weekly intervals during
noon hours with the help of teletamp infrared ther-
mometer (Model AG-42). Stomatal resistance and
leal’ transpiration rates at weekly intervals on
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Figs 1 (a-D Variation ol relative evapotranspiration with @ (a-¢) leal water potential. and (d-I) canopy temperature

matured leaves. upper and lower sides hoth. were
recorded with the help of Li-1600 sieady state
porometer. Predawn leal water potentials were
measured belore sunrise with the help of pressure
chamber apparatus (PMS Instrument Co.) in all
the treatments. The results were analysed by
developing response [unctions between relative
cvapotranspiration and stress indices in wheat
during different stress cycles after applying irriga-
tion in wheat at different phenophases.

3. Results and discussion
3.1. RET versus predawn leaf water potential

Figs. 1 (a-c) show the variation of relative
evapotranspiration (RET) with predawn leaf water
potential for different dates of sowing in wheat.
The variation in RET was a complex function in
early (D) medium (D> Dj3) and late (D4 Ds)
sown conditions when stress was provided up to
anthesis stage [Figs 1 (a & b)]. however, after
anthesis it was a linearly decreasing function for
normal sown dates (D>-Dy) [Fig. 1(c)]. In early
sown conditions the decrease in RET was faster as
compared to late sown conditions. where due to
slow depletion of soil moisture the available RET
was higher for a particular value of predawn leaf
water potential. The variation in RET with leaf

waler potential was not linear in vegetative phase
due to differences of available soil water in meeting
the atmospheric demand. However, under normal
and stress-free conditions. there was a linear dec-
reasing RET response with soil moisture status in
different sowing dates. In early sown wheat the
depletion of available soil moisture was faster due
to the higher evapotranspiration rates in October,
whereas in late sown conditions the depletion of
soil moisture was slower due to less atmospheric
demand. Therefore. due to this imbalance of soil
moisture depletion in meeting the external atmos-
pheric demand. the vegetative growth is either
retarded or excessive and resulted in complex
behaviour of RET variation with predawn leaf
water potential. The behaviour of predawn leaf
water potential under stress-free conditions [Fig.
1(c)] under normal dates of sowing was linear, but
under stress the behaviour of RET shifted towards
a functional relationship with predawn leaf water
potential. Knowing the atmospheric demand in
different climatic conditions with the use of these
graphs, we can determine the different levels of leaf
water potential to maintain an optimum level of
RET so that growth and development of crops is
not restricted. Therefore, the leaf water potential
behaves as an indicator of internal moisture status
of the plant to regulate the RET through
atmospheric demand.
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Fig. 2. Variation in transpiration rate with canopy temperature in wheat for different moisture levels

3.2. RET versus canopy temperatupe

The complex behaviour of relative evapotrans-
piration with canopy temperature for different
dates of sowing (D;-Ds) under different soil mois-
ture stress (Ip, I, I2) conditions is shown in Figs.
1 (d-f). Canopy temperature increased with dec-
rease of RET in all treatments. Canopy tempera-
ture was influenced by the transpirational cooling
of different plant organs under the atmospheric
demand. Canopy temperature had a linear recipro-
cal decreasing behaviour with the increase in
transpiration rate explaining the 86 per cent varia-
tion at the point of contact (Fig. 2) and, therefore,
the canopy temperature behaves as a useful criteria
for scheduling irrigation. It may be noted that to
maintain the RET level of 0.5, 0.6, 0.7 and 0.8 it was
essential to maintain the canopy temperature of 20,
18, 16 and 15°C respectively in early sown wheat at
vegetative phase [Fig. 1(e)]. As 15-20°C tempera-
ture range is best for vegetative development of

wheat for higher dry matter production, it would be
desirable to maintain the level more than 0.5.
However, in the reproductive phenophases a
higher canopy temperature of 20° to 25°C is
beneficial for better sink development and,
therefore, we need to maintain a value of RET of
the order of 0.5 to 0.7 at physiological maturity.
Therefore, to obtain optimum RET level at dif-
ferent phenophases in wheat, the corresponding
canopy temperatures are maintained as a criteria
for scheduling irrigation and regulating the avail-
able plant soil moisture status.

It was also observed that the scattering of
canopy temperature values under different stress
treatments of different dates of sowings was more
|Figs. 1(d-D] as compared to scattering of leaf
water potential values [Figs. 1 (a-c)] indicating that
the predawn leal water potential was a better stable
parameter for characterising the plant moisture
status in comparison to canopy temperature.
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3.3. RET versus stomatal resistance

Figs. 3 (a-c) show the complex behaviour of
RET with stomatal resistance for different dates of
sowing under different soil moisture conditions. Tt
was observed that the scattering of the diffusive
resistance values were much higher [Figs. 3 (a-c)] as
compared to the predawn leal water potential
values [Figs. 1 (a-c)| with decreasc of RET. Figs. 3 (a
& b) show that with the decrease of RET there was
increase in stomatal resistance in carly and normal
sown condition in a complex behaviour and shifted
towards a parabolic function during vegetative
phase of late sown wheat. During the reproductive
phase again the spread in RET with increasing dif-
fusion resistance was higher [Fig. 3 (c)).

On comparing hehaviour of leal water potcntial
[Figs. 1 (a-c)] with the stomatal resistance patlerns
[Figs. 3 (a-c)] with decreasing trend in RET the pre-
dawn leafl water potential behaved as a better stable
parameter as it was a direct function of internal
plant moisture status in the plant leaves. However.
the stomatal resistance behaved as an indirect
paramelter of plant moisture status because it is a
function of leal water potential and osmotic
polential.

34. RET versus wanspiration rate

Figs. 3(d-N show the parabolic 1o complex
lunctional behaviour of transpiration rate with dec-
reasing RET under different dates of sowing in dif-
ferent moisture treatments in wheat even in the
teproductive phenophases. However. the scattering
of values of transpiration rale [Figs. 3 (d-f)) were
also lesser as compared 1o the scallering in the
values of other indices. The transpiration rate being
a resultant productive parameter of internal mois-
ure status in the plant under the external
atmospheric demand. behaved uniformly in similar
manner at different phenophases under stress con-
ditions. Fig. 3 (d) shows that when no irrigation was
given at CRI stage the transpiration rate decreased
1o 0.3, Under stress-free conditions decrease in
RET with decreasing transpiration rate was faster in
a parabolic pattern [Fig. 3(f)] as during grain
development evapotranspiration was higher. Trans-
piration rate has been reported by several workers
o be strongly related to the wheat yield and yield
altribute  (Stanhill 1986. Aggarwal er al  1986).
Transpiration rate directly functions as a parameter
for scheduling irrigation to meet the atmospheric
demand. The transpiration rate has been widely
exploited to explain the behaviour of crop growth.
development and growth of yield attributes and

eventually in building the water production func-
tion (Hanks 1983).

4. Conclusions

The study has brought out the following
results :

(1) Stress indices present a complex behaviour
in the variation of relative evapotranspiration in
wheat at different phenophases with the decreasing
soil moisture,

(if) Predawn leaf water potential and transpira-
tion rates were more stable stress indices and can be
used for scheduling irrigation. maintenance of
growth and development in wheat.

(@t7) Canopy temperature is also simple and use-
ful stress index for scheduling irrigation.
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