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Rice seedlings (Oryza sativa L.) were subjected to low tempera‑
ture pretreatment (LT‑PT; 10˚C) for various length of time 
followed by a 48‑h chilling temperature stress (2˚C). Chilling 
tolerance of rice roots was improved with increasing duration of 
LT‑PT, but HT‑PT longer than 12 h gave no additional improve‑
ment. LT‑PT did not change in fatty acid composition in rice 
roots under the present experimental condition. Alcohol dehydro
genase (ADH) activity and ethanol concentration in the roots were 
increased with increasing duration of LT‑PT up to 12 h, which 
indicates that LT‑PT increased ethanol fermentation in the roots. 
4‑Methylpyrazole, a potent inhibitor of ADH, reduced the ethanol 
concentration and the chilling tolerance in the roots. This reduc‑
tion of the chilling tolerance recovered with exogenously applied 
ethanol. Ethanol also induced 21‑ and 33‑kD protein synthesis 
in the roots and these proteins may contribute the improvement 
of the tolerance. The present research suggests that LT‑PT may 
increase chilling tolerance in rice roots owing to ethanol produc‑
tion, and ethanol may trigger a signal transduction cascade, which 
might lead to a decrease in membrane damage and injury.

Alcohol dehydrogenase (ADH; EC.1.1.1.1) gene and protein 
were induced by low temperature in Arabidopsis, maize and rice 
seedlings.1,2,3 ADH is an enzyme involved in ethanolic fermentation 
and essential for plants to survive under anaerobic conditions.4,5 
However, it is unlikely that the induction of ADH by low temperture 
is due to a switch from aerobic respiration to anaerobic respiration as 
reported with anaerobic conditions.2,6 Therefore, it is not clear that 
biological meanings of the induction of ADH in low temperature 
conditions.

Rice seedlings (Oryza sativa L. cv. Nipponbare) were subjected to 
low temperature pretreatment (LT‑PT; 10˚C) for various length of 

time (1, 2, 4, 6, 12, 18, 24 h) followed by a 48‑h chilling tempera-
ture stress (2˚C). Chilling tolerance of rice roots was improved with 
increasing duration of LT‑PT, but HT‑PT longer than 12 h gave no 
additional improvement. LT‑PT did not change in any fatty acid 
compositions in rice roots under the present experimental condition. 
Several plant species, such as oat, rye and spinach increased freezing 
tolerance due to the increasing unsaturation of fatty acids in plasma 
membranes, but this cold acclimation process required exposure of 
these plants to subzero temperature for 2–3 weeks.7,8

LT‑PT increased ADH activity and ethanol concentration in rice 
roots, and the activity and the concentration were increased with 
increasing duration of LT‑PT up to 12 h. Thus, LT‑PT induced 
ethanolic fermentation system and stimulated ethanol production 
in the roots. 4‑Methylpyrazole, which is a potent inhibitor of ADH 
and prevents ethanol production,9 reduced rice root growth to 40% 
of LP‑PT root growth (Fig. 1), and the ethanol accumulation in 
the roots. This growth inhibition by 4‑methylpyrazole recovered 
with exogenously applied ethanol. These results suggest that ethanol 
produced by LT‑PT may contribute the chilling tolerance in the 
roots of the rice seedlings. In addition, an ADH deficient mutant of 
maize seedlings, which can not produce ethanol, was more sensitive 
to chilling temperature than their wild types.6

When the seedlings were subjected to chilling temperature stress 
after ethanol treatment without LT‑PT, the growth inhibition of rice 
roots by chilling temperature recovered from 22% to 71% of that of 
nonstressed roots (Fig. 1), which suggests that exogenously applied 
ethanol may improve chilling tolerance in the roots. It is also found 
that the ethanol treatment did not change in fatty acid composition 
in the roots at the temperature of this treatment (25˚C).

Chilling temperature induced lipid degradation in plant cells 
of cold‑sensitive plants, such as cucumber, rice and soybean, as 
measured by an increase in malondialdehyde, which is a decomposi-
tion product of phospholipid peroxidation.10 Lipid peroxidation 
occurs when polyunsatured fatty acids are released from phospho-
lipids by phospholipases and became substrates for lipoxygenases. 
Changes in the structural composition of the plasma membranes 
by lipid peroxidation cause the phase transition of the membrane 
from liquid to gel and the inactivation of membrane bound enzymes 
such as plasma membrane ATPase. Thus, the phase transition of the 
membranes was thought to be one of the primary causes of chilling 
injury.11-13
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The addition of C1 to C6 alcohols including ethanol to model 
membranes increased fluidity of the membranes and lowered the 
phase transition temperature of the membranes.14,15,16 Therefore, 
ethanol produced by LT‑PT may prevent the phase transition of 
the membrane from liquid to gel, and lower the phase transition 
temperature of the membranes, which may contribute the accli-
mation to the chilling tolerance. In addition, ethanol induced an 
increase in ATPase activity in plasma membranes,6 and prevented 
chilling‑induced ion leakage from plant tissues.17

Ethanol is also known to stimulate the synthesis of heat shock 
protein (HSP) in yeast, bacteria and some other plants.18,19 We thus 
determined the effect of ethanol on protein synthesis in rice roots 
by SDS‑gel electrophoresis, and found that 21‑ and 33‑kD protein 
synthesis were induced by ethanol. These proteins were also induced 
by heat shock treatment (45˚C, 20 min). HSP was shown to be 
associated with the development of low temperature tolerance in 
spinach.20,21 Thus, 21‑ and 33‑kD proteins induced by ethanol may 
contribute the improvement of the chilling tolerance.

The present research suggests that LT‑PT‑induced chilling 
tolerance may be owing to ethanol accumulation in rice roots. 
Accumulated ethanol may increase the fluidity of plasma membranes 
and lower the phase transition temperature of the membranes, and 
may also induce protein synthesis. This hypothesis is supported by 
exogenously applied ethanol which increased the chilling tolerance. 
Thus, ethanol might trigger a signal transduction cascade, which 
would lead to a decrease in membrane damage and injury. Further 
work needs to be done to test this possibility.
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Figure 1. Effects of ethanol and 4‑methyl‑
pyrazole on root growth of rice seedlings. 
Three‑day‑old rice seedlings were treated 
12‑h LT‑PT (10˚C) with or without 100 mM 
ethanol and/or 5 mM 4‑methylpyrazole at 
25˚C for 24 h, and then subjected to chill‑
ing stress treatment (2˚C, 48 h). Elongation 
of rice roots was determined over 48 h at 
25˚C after chilling stress treatment. Non-
stressed seedlings and ethanol‑treated seed‑
lings were grown at 25˚C. Chilling stressed 
seedlings were grown at 25˚C for 24 h, and 
then subjected to chilling stress treatment. 
Means ± SE from five independent experi‑
ments with 20 plants for each determination 
are shown.




