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AsstracT. The effect of constant temperatures (20, 25, 30, 35 and
40°C) on the rate of seed germination was studied. Seed germination
percentage was high at 20, 25, 30 and 35°C and was significantly
reduced at 40°C. The rate of germination appeared to be best at 30 and
35°C,

NaCl at 0.001 and 0.01 M had no effect on germination at the
temperatures studied (25, 30 and 35°C). Seed germination tolerance to
a higher salt concentration was temperature-dependent. 0.1 M had no
effect at 25 and 30°C but inhibited germination significantly at 35°C.
0.2 M inhibited germination significantly at 30 and 35°C. 0.3 M
inhibited germination significantly at all temperatures studied.

Temperature and salinity are among the major environmental factors that influence
seed germination (Bishnoi and Pancholy 1980, Al-Helal et al. 1989, Grime et al.
1981, Woods and Macdonald 1971, and Larik and Al-Saheal 1986). In the warm
environmental habitat, such as that in Saudi Arabia, the combination of salt stress
and temperature stress presents an extreme environment to seed germination which
must be overcome by a species in order for it to establish itself successfully in such
an environment. It has been reported that seed germination is influenced by the
interaction between temperature and salinity in some species (Okusanya 1977, and
Rivers and Weber 1971).

Rice is an important crop species that is cultivated successfully in Al-Ahssa
oasis in the eastern part of Saudi Arabia. Since there is a lack of information
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concerning the physiology of seed germination, this research was initiated to study
the influence of the interaction between salt and temperature on seed germination.

Materials and Methods

Materials

Brown rice (cv. Al-Ahssa) grains were obtained commercially from Al-Ahssa in
1990 and were stored in closed containers at 4°C.

Germination

Large quantities of seeds were allowed to imbibe water overnight at room
temperature (about 25°C), then 15 of them were distributed per Petri-dish over the
surface of two layers of Whatman No. 1 filter paper moistened with 10 ml of either
distilled water or the appropriate NaCl solution (0.001, 0.1, 0.2 and 0.3 M). Four
replicates were placed in an incubator at the appropriate temperature (20, 25, 30, 35
and 40°C) in darkness. Radicle emergence was taken as a sign of germination. The
number of germinated seeds was counted daily and calculated as a percentage of the
total number of seeds. In the case of NaCl treatment, only the germination
percentage of the final day (the 6'" day) was presented. In all cases the germination
percentage of the last day was subjected to analysis of variance and LSD test at the
95% confidence.

Results

The results in Fig. 1 show the rate of germination at the different temperatures
in darkness. Rice grains germinated during the first day of incubation at all the
temperatures studied, but germination was very low at 40°C (less than 5%) and was
relatively low at 20 and 25°C (25 and 27% respectively) and high at 30 and 35°C (75
and 78% respectively).

At all temperatures, the germination percentage increased gradually from the
first day onwards and it appears from the figures that the rate of germination was
slow at 20 °C in the first 3 days as compared to that at 25, 30 and 35 °C. Also the
germination rate was very slow at 40 °C as compared to that of the other
temperatures.

As shown in Fig. 1 the final germination percentage was reduced significantly at
40 °C.
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Fig. 1b. Percentage seed germination at 35 (s———=)and 40°C (x-------- X)

Note: Only the final germination percentage at 40°C was significantly different at 95% from all the
other values.
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Effect of NaCl on Germination
The results in Table 1 illustrate the seed germination percentage of rice grains
after 6 days kept at different concentrations of NaCl at different temperatures.

NaCl at low concentrations (0.001 and 0.01 M) had no apparent significant
effect on seed germination at all the temperatures studied, however, salt at higher
concentrations reduced the germination percentage and the reduction was
temperature-dependent.

At 25°C NaCl inhibited germination significantly at 0.3 M only. At 30°C NaCl
inhibited germination significantly at 0.2 and 0.3 M, while at 35°C NaCl inhibited
germination significantly at 0.1, 0.2 and 0.3 M, and the inhibition increased with
increasing salt concentration.

Table 1. Germination percentage after 6 days in different concentrations of NaCl at different tem-

peratures
NaCl(M) / Temperature 25°C 30°C 35°C
0.001 96.7 + 5.3a 933+ 5.1a 933+ 3.8a
0.01 96.6 +3.9a 90.0+ 4.7a 933+ 29a
0.1 88.7 £9.3ab 933+ 7.3a 75.0x 9.1bc
0.2 923+ 7.2a 61.7+10.3c 56.7 £ 10.5¢
0.3 25+ 15d 5t 4.8e 33+ 5.5

Note: Numbers without common letters are significant at 95%.

Discussion

It is clear from the results that the final germination percentage and the
germination rate of rice grains were temperature-dependent. Also, it appeared from
the results that germination occurred at a wide range of high temperature (20 to
40°C) although the final germination was significantly reduced to abeut 60% at
40°C. The tolerance of seed germination for rice to a wide range of temperature is
important for a crop to be successfully cultivated in a warm habitat.
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The dependence of seed germination rate on temperature has already been
reported for several species (Mahmoud er al. 1984, Al-Farraj et al. 1988, and
Mahmoud 1985).

It is clear from the results that NaCl up to 0.2 M had no effect on seed
germination of rice at 20°C and this might indicate that the grains of this cultivar can
tolerate a relatively high NaCl level. Patolia and Iyengar (1979) studied the effect of
sea water salinity on seed germination of 36 cultivars of rice and they concluded that
the different cultivars differ in their salt tolerance and a few cultivars tolerated up to
20% salinity though with a reduction in the germination percentage.

The inhibitory effect of high salt concentrations on seed germination of rice is
similar to that which has been reported for several species (Al-Helal er al. 1989,
Larik and Al-Saheal 1986, Okusanya 1977, and Larik and Hafiz 1983). The
inhibitory effect of salt on seed germination might be due to ionic toxicity (Rudolfs
1925, Uhvits 1946 and Redmann 1979) or by prevention of uptake of water because
of high osmotic potential of the medium (Leiner ez al. 1959, Barbour 1968, Ungar
and Hogan 1970, and Michael et al. 1972).

The results of this investigation showed that the tolerance of rice seed
germination to NaCl salinity was temperature-dependent and the results suggest that
tolerance decreased with increasing temperature of germination. The reduction of
tolerance at higher temperatures is not known at the present time but it might be due
in some part to the faster accumulation of ions up to a toxic level. However, the
dependence of seed germination on the interaction between salt stress and
temperature has been reported for several species (Okusanya 1977, Rivers and
Weber 1971, and al-Helal ez al. 1989).
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