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ABSTRACT

Increasing temperature from global warming affects growth and development of the
rice plant, particularly extreme high day and night temperature can depress rice yield through
different yield forming processes. High temperature during anthesis can cause male sterility and
fertilization failure in plants. In view of threats to rice production in Thailand, this thesis set out
to examine effect of high temperature on Thai rice varieties. The understanding will contribute to
adaptation to global warming of Thailand’s rice production system, including breeding for
tolerance to high temperature. This thesis was carried out in three experiments, to evaluate effect
of high temperature on yield forming process in Thai rice varieties at Division of Agronomy,

Plant Science and Natural Resources Department, Faculty of Agriculture, Chiang Mai University.



Experiment 1 aimed to evaluate effects of high temperature on CNT1, SPR1 and SPT1.
The three rice varieties were grown in flooded soil during November, 2008 to January, 2009 with
six planting dates and fifteen days interval. Anthesis of rice from different plantings was exposed
to varying temperatures during February to April, 2009. At anthesis, pollen of was collected to
evaluate viability by germination on an agar medium and pollen germination on the stigma with
Phenol cotton blue staining. The number of spikelets, grain set and filled grain were evaluated at
maturity. High temperature during anthesis had different impact on different rice varieties in in
vitro pollen germination, on number of pollen grain germinating on the stigma and grain set. At
36.4°C, pollen viability on agar was decreased by 30% in CNT1, 45% in SPT1 and 18% in SPR1,
respectively when compared with the temperature at 33.8-33.9°C. On a stigma, fewer than one
pollen grain germinated in CNT1 and SPT1 while there were 2-3 germinating pollen grain per
stigma on SPR1 at 36.4°C. At maturity, grain set in CNT1 was depressed by 77%, in SPT1 by
72% and in SPR1 by only 23%, when anthesis was at 36.4°C compared with temperature
at 33.8-33.9°C. The percentage of grain set was closely correlated with in vitro pollen
germination (r = 0.78, P < 0.001) and the number of pollen germinated on the stigma (r = 0.54,
P <0.001). The results suggested that SPR1 was a high temperature tolerant variety, while CNT1
and SPT1 were sensitive to high temperature during anthesis. Moreover, the results indicated the
pollen germination on an agar medium and on the stigma could be use to evaluate effect of high
temperature on grain set in rice.

Experiment 2 compared high temperature tolerant and sensitive varieties from
experiment 1 at more extreme high temperature. The rice varieties SPR1 (tolerant) and SPT1
(sensitive) were exposed to 4 temperature regimes during anthesis. This was done with two
planting dates that exposed the rice at anthesis to to different temperatures, plus an increase of
3°C in the anthesis temperature of each planting date by means of a plastic cover. In both rice
varieties, pollen viability, number of pollen grain and germinated pollen grain on the stigma and
percentage of filled grain were depressed as anthesis temperature increased from 38°C to 42°C.
However, the tolerant SPR1 still had higher pollen viability, number of pollen grain and

germinated pollen grain on the stigma and percentage of filled grain than the sensitive SPT1.



Experiment 3 evaluated effects of high night temperature during spikelet formation on
high temperature tolerant SPR1 and sensitive SPT1. At PI stage, the rice plants were move to and
kept in the growth chamber for 20 days, with varying night temperature at 22°C (control), 24°C
and 26°C. Day temperature all maintained at 34°C, relative humidity at 70%. Number of
spikelet, shoot dry weight and plant height were depressed when night temperature was increased
from 22°C to 26°C, but with differing effect on SPR1 and SPT1. In tolerant SPR1, the number of
spikelets, shoot dry weight and plant height were not affected at 24°C, and was depressed only
when night temperature was increased to 26°C. In sensitive SPT1, the number of spikelets was
depressed by 18% when night temperature was increased from 22°C to 24°C. The number of
spikelets declined with increasing night temperature in both tolerant SPR1 (r = - 0.82, P < 0.01)
and sensitive SPTI (r = - 0.95, P < 0.001). There were also significant negative correlations
between night temperature and plant height (r = - 0.99, P < 0.001) and shoot dry weight
(r=-0.88, P <0.01) in sensitive SPT1 but not in tolerant SPR1.

This thesis has demonstrated clear differences among Thai rice varieties in the
responses of their yield forming processes to high temperatures, that distinguished between night
and day temperatures. By many measures SPT1 can be considered to be sensitive and SPR1
tolerant to high temperature. The contrast between the two rice varieties should be useful for
further studies of responses to high temperature, including genetic control. SPR1 is also an

important source of heat tolerance for breeding program.



