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Abstract: The research work was conducted to elucidate the heat acclimation potential of two promising cotton cultivars Rehmani and
S-12 . The plants were hardened for 1 to 7 days at 43°C for 2h. After every hardening treatment the leaves vwere heat stressed at 45°C
for 2h. The chlorophyll fluorescence (Fv/Fmj) ratio was recorded at pre-incubation, during heat stress and recovery after heat stress. The
results showved that cv. Rehmani gave better results only after 1 day hardening treatment but after 2 to 7 days treatments the Fv/Fm

ratio declined. However, cultivar

S-12 showed good acclimation response as the treatment days were increased to 7-days hardening

treatment the Fv/Fm ratic increased to 83% of the control treatment (no hardening).
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Introduction

The summers of Pakistan can produce exceptionally high temperatures
{45-60°C). Under these conditions, even summer crops including cotton will
have great difficulty in maintaining photosynthetic activity and growth.
Maintenance of metabolic balance under such conditions requires that the
plant should possess a high photosynthetic acclimation potential. Burke et af.
{1976) have stated that some species acclimate extensively in response to
environmental stress while others acclimate only a small extent, and some
species do not acclimate at all. One of the main factors determining the ability
of plants to adapt to different growth temperatures is their ability to modify
their membrane constituents, in order to function normally under the new
conditions. Heat damage to biomembranes in these circumstances may be
prevented by the synthesis and accumulation of protective compounds in or
near to the membranes.

Many workers have reported that various water soluble compounds such as
sugars and proteins are able to protect sensitive cell structures against heat
inactivation (Santarius, 1973; Kraus and Santarius, 197b; Santarius and
Muller, 19789). Feldman and Ageeva {1973]) found that hardening increased
the thermostability of membrane bound (photosynthetic] ferredoxin in pea
plants. It has been suggested (Quinn and Williams, 1985; Terzaghi et al.,
1989) that high temperature adaptation occurs due to alteration in the lipid
and /or protein composition of the photosynthetic membranes. Muller and
Santarius (1979) also suggested that increase in thermostability depends on
ultrastructural changes in the thylakeoid membrane, rather than biochemical
changes in membrane composition. Taguchi (1984) concluded that the seeds
of wheat sown in field some times suffer dehydration, and the emergence
and establishment were unstable varying with the soil water condition. Even
if the seed germinates, the seedling becomes coiled in the soil, and vvere
unable to emerge. In this context Andoh and Kobata (2000) stated that seed
hardening of rice is subjection of seeds to wetting and redrying before
sowing increased the germinability and/or yields under low soil-moisture
conditions. Furthermore, Andoh and Keobata (2001] revealed that seed
hardening, imbibition followed by redrying, accelerated seed germination and
seedling emergence of wheat in desiccated soils.

The objectives of investigation was to reveal the effectiveness of short
temperature treatments on the hardening capabilities of two promising
Pakistani cotton cultivars at sub-lethal high temperatures.

Materials and Methods

The cotton seed of cultivars Rehmani and 5-12 wvas obtained from cotton
section A.R.l. Tandojam {Pakistan). The research work was undertaken at
School of Biclogical Sciences, University of Wales, Bangor {UK) during 1992-
93. The seeds were germinated in a temperature and light controlled
incubator (Fitotran 600) with 30/27°C day/night and 16/8h light/dark period.
After about 8-12 days of sowing the leaves were transferred for hardening
treatments to another incubator set at 43°C for a period of 2h in the dark.
The plants were then returned to the growth cabinet at 30°C. Transfers
betwveen growth cabinet and incubator vwere made using an insulated box to
avoid light and unwanted temperature fluctuations. These hardening
treatments vvere arranged so that the plants vwere not older than 16 days at
the end of the hardening treatments. Finally, leaves from the heat hardened
plants were harvested and subjected to heat stress for 2h at 45°C before,
being allowed to recover for up to 24h at 30°C. The stress temperature of
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4B6°C was selected because at this temperature the photosynthetic activities
wvwere almost ceased in these cultivars (Sethar ef al., 2001). Chlorophyll
fluorescence technique was used to estimate the changes in leaves during
the experiment. The flucrescence vvas recorded at preincubation (30 min at
30°C), during the temperature stress (45°C) and at recovery of 2, 6, 12, 24h
at 30°C after stress. The Fv/Fm ratic is reported because this ratio indicates
the oxygen evolution in the photosynthesis process. The procedure of
chlorophyll fluorescence measurement has been mentioned some where else
{Sethar et al., 1995]).

Results and Discussion

The results from cultivars Rehmani and S-12 are presented in Tables 1 and 2
and Fig. 1 and 2. The fluorescence data are presented as the percentage
of the Fv/Fm values recorded at the end of the dark pre-incubation period.

Table 1: Effect of whole plant hardening on leaf fluorescence in cv. Rehmani.

Heat stress Recovery

45°C 30°C
Hardening days 1 2ihours) 2 [} 12 24(hours)
Percentage of pre-incubation
Fv/Fm wvalues
Control (no harden.} 13 08 0og 08 08 08
1 38 33 46 bBO b4 b4
2 17 17 21 29 38 38
3 256 17 21 26 33 33
4 21 13 17 26 25 29
5 38 17 26 29 38 38
6 25 13 13 21 25 29
7 17 17 26 29 38 42

Table 2: Effect of whole plant hardening on leaf fluorescence in cv. S-12.

Heat stress Recovery

45°C 30°C
Hardening days 1 2ihours) 2 [} 12 24(hours)
Percentage of pre-incubation
Fv/Fm wvalues
Control (no harden.} 08 04 0og 08 08 08
1 25 25 33 42 b0 bBO
2 256 13 13 26 33 38
3 21 21 17 29 42 38
4 33 29 29 42 BO b4
5 25 25 26 38 42 46
6 38 33 38 b8 63 63
7 33 42 54 75 88 83

The results in Table 1 showvved that cv. Rehmani displayed an improved heat
resistance following one day of the hardening treatment. The Fv/Fm values
decreased to only 38 and 33% of the pre-incubation values at the end of 1
and 2h, respectively of heat stress in comparison to decreases of 13 to 8%
in the control. The fluorescence values then increased to 46% after Zh of
recovery and continued to increase to B0 % after 6h of recovery. After 12h
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Fig. 1: Effect of hardening of leaf fluorescence in cv. Rehmani
1a, time course of fluorescence during and after heat
hardening for 0 to 7 days.

. 1day; A, 2 days; A, 3 days;0, 4 days;H, 5 days
O, 6 days; @, 7, days. 1b, plot of flucrescence against
hardening period. ¢, after 2 h heat stress; @, after 12
h recovery. The bar at the top left of Fig. 1A represents
the period of heat stress.

of recovery the Fv/Fm value remained unchanged up to the end of the 24h
recovery period. Further hardening treatments, in wvhich leaves wvere
hardened between 2 and 7 days, produced markedly lower fluorescence
ratios compared with the 1-day treatment. In the 2-7 days hardening
treatments the Fv/Fm ratic decreased to 13-17% of the pre-incubation value
at the end of 2h heat stress peried. During the recovery period the Fw/Fm
value increased slightly to 25-38% of the pre-incubation value after 12h.
There wvas little change in these values after 24h recovery. These results
revealed that cv. Rehmani has limited capability of hardening under the
particular conditions used in this study. Table 2 showed that cultivar 5-12
behaved differently from cv. Rehmani. Following a single hardening
treatment the leaves had lost about 75% of their fluorescence at the end of
the 2h heat stress period. The value then gradually increased, however, to
50% of the pre-incubation value after 12h recovery. The 2 and 3 day
treatments showed a poorer performance compared with 1-day treatment.
Leaves which had been hardened over 4 or 5 days produced patterns of
response which were more similar to that recorded for the 1-day treatment.
It displayed markedly better results after 6 days of hardening treatments,
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Fig. 2: Effect of hardening of leaf fluorescencein cv. §-12

23, time course of fluorescence during and after heat
hardening for C to 7 days. ) . no harding {control);

@ 1day; A, 2 days: A, 3 days; 0. 4 days

B 5 days; O, 6 days; @, 7 days. 2b, Plot of
fluorescence against hardening period. O, after

2 h heat stress; @, after 12 h recovery.

The bar at the top left of Fig. 2A represents the period
of heat stress

however, where it retained about one third of its starting fluorescence after
2h of heat stress and it regained about tvwo third of its flucrescence after
12h recovery. The 7-day hardening treatment was even more effective in
preventing heat injury, which shows that 7 days hardened leaves retained
more than 40% of their initial fluorescence at the end of 2h of heat stress.
After the heat stress, the recovery in Fv/Fm values was very good reaching
75% after 6h of recovery and 88% after 12h of recovery. There was
however, a slight decrease in the Fv/Fm value after 24h reaching 83% of the
pre-incubation value. The Fv/Fm data are presented graphically in Fig. 1a and
2a wvhich showws more clearly the Fv/Fm ratio decrease during the course of
the 2h heat stress. This trend was similar in both cultivars. Thus, during the
first hour of heat stress the fluorescence ratio dropped sharply and it
continued to decline more slowly during the second hour of stress. When the
leaves wvere put back to 30°C for recovery the Fw/Fm values tended to
increase for all the hardening treatments. This was in contrast to the control
leaves (no hardening) where both the cultivars showed negligible recovery
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in their Fv/Fm values. To summarize, the results shown in Fig. 1a and 2a,
derivative plots wwere prepared using the Fv/Fm values from 2h. heat stress
and from 12hr in the recovery period. These derivative plots are presented
in Fig.1b and 2b, where the Fv/Fm values for each hardening treatment are
plotted against the number of hardening days. The Fig.1b and 2b display
clearly the differences in the results obtained for both cultivars. Cultivar
Rehmani displayed a poor performance except for 1-day hardening
treatment. Both curves in the Fig. 1b showved a progressive declining trend
after 1 day. Cultivar S-12 performed very well although the points in Fig. 2b
display a considerable scatter. The curves nevertheless showed that an
increasing number of hardening treatments increased the plants tolerance to
heat stress. The response wvas greatest following 7 days of hardening
treatment. Experiments reported in this research work, the general
appearance of the leaves also gave valuable information regarding the effects
of hardening. In the leaves given no hardening treatment, about 90-95 % of
them turned browwn either fully or partially followwing heat stress. Little or no
browning was noted in the heat hardened leaves.

In a study (Sether ef al., 1995) where the investigation into suitable
hardening temperature was carried out, the cotton plants which were
acclimated only 1-2°C below or above the hardening range of 42-43°C
performed very poorly. These findings are interesting in the light of a similar
report by Trione and Metzger {1970) working on celd acclimation of wheat
seedlings, that in the hardening temperature range of 5-8°C the seedling
acclimated wvell, but they were unable to elongate their meristems when
acclimated either at 3 or 9°C . Hardening treatments repeated cver a number
of days gave markedly better tolerance than the control treatment
{unhardened leaves) in this study, and differences were detected between
cultivars. In cv. Rehmani the recovery in leaf flucrescence after heat stress
was found to be significantly lower than that in cv. $-12, where cv. Rehmani
recovered only about 50% of the Fv/Fm ratic while cv. 5-12 regained 83%
of Fv/Fm values of the control. This indicates that the hardening process was
not working at its full capacity in cv. Rehmani. Significant metabolic changes
other than those associated with photosynthesis may also occur during the
process of hardening in plants. Several workers, Yelenosky (1979}, Lalk and
Dorffing (1986} and Sobczyk et al. (198B6) noted increases in proline,
Adenosine tri phosphate, ABA, glutamic acid and ascorbic acid levels, and in
the proportion of unsaturated fatty acids in membrane lipids hardened plants
at lovw temperatures compared to those of no-hardened plants. Similarly,
Windle (1988) reported an increase in the degree of fatty acid unsaturation
in the phospholipids, phosphatidylcholine and phoshatidylethanolamine in rye
plant hardened to high temperatures.

The acclimation of a plant at sub-lethal temperature may alsc induce the
syhthesis of heat shock proteins which protect the plant from the potentially
damaging effects of the later and more severe high temperature stress
{Howarth, 1991). Woledge ef al. (1989) reported that temperature acclimation
may have increased the canopy photosynthesis of rye grass and white
clover. There is evidence regarding the acclimation of photosynthesis at loww
temperature, that although temperature has a wvell known direct effect on
the rate of leaf photosynthesis so that the light saturated rate in rye grass
and white clover grown at 15°C is reduced by about half when
measurements were made at 6°C. There was some acclimation, in that the
amount by which photosynthetic rate was decreased by lovww temperature
was less in plants which have been grown at low temperature (Woledge and
Dennis, 1982; Nosherger ef al., 1983).

The research work was carried out to reveal the heat acclimation potential of
cotton cultivars Rehmani and S-12. The plants vwere hardened for 1 to 7
days at 43°C. The chlorophyll fluorescence technique was used to estimate
the changes in leaves. After every hardening treatment the leaves vvere heat
stressed at 46°C for 2h. The results showed that cv. Rehmani was better
only after 1 day hardening treatment, but the flucrescence ratic declined in
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2-7 days hardening treatments. Cultivar S-12 however, showed good
hardening potential as the treatment days increased.
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