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Evaluation of heat tolerance in Thai lowland indigenous rice germplasm
in seedling and grain filling stages
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ABSTRACT: High temperature stress in rice is likely to occur in all rice growing systems in Thailand. In wet season,
rice cultivated by broadcasting at the late of April to early May would be affected by high temperature in the
seedling stage. In the dry season, rice will be affected by high temperatures during the grain filling stage in March to
April. The experiment was high temperature tolerance evaluation in 132 lowland rice varieties at seedling and grain
filling stages. Heat stress treatment was set at 45+3°C during 11:00 a.m. to 2:00 p.m. for 14 and 30 days in seedling
and grain filling stages, respectively. The result showed that three groups of varieties based on leaf dead and dry
weight reduction percentage included of 30 cultivars in group 1 (G1) had high temperature tolerance comparable
to the standard check (N22). There was a decrease in dry weight of 40.8% — 59.7%. In conclusion, LLR-072, LLR-146
and LLR-232 were resistance to high temperatures at seedling stage due to the slow leaf death. At grain filling stage,
group 1 (49 cultivars) showed low seed weight reduction by 65% - 68%, high filled seeds per plant, 100 seed weight
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and 100% seed number. However, in G1 at grain filling stage, there was a high reduction in 100% filled seed number,
but low reduction in 75% and 50% filled seed number. The result showed that this group maintained higher seed
weight than other groups. At the grain filling stage, LLR-230, LLR-232 and LLR-262 showed low decreasing in seed
weight, filled seeds per plant and 100 seed weight. Interestingly, LLR-232 was high resistance at both seedling and
grain filling stages.

Keywords: high temperature; rice screening; Oryza sativa L.; filled seed number; seed partitioning
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Figure 2 Average leaf score of 132 variety under heat and control conditions, N22 as tolerance check and ULR218

as susceptible during heat stress at seedling stage.
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Figure 3 Cluster of lowland rice germplasm under heat stress based on leaf score and dry weight reduction using

Ward’s method with 70% of similarity index.
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Leaf dead score

Day after treatment (days)

Figure 4 Leaf score in each group of genotypes based on cluster analysis and tolerance check (N22).

Table 1 Mean, maximum, and minimum of plant height, fresh weight, and dry weight reduction percentage in each

group and tolerance check (N22) at seedling stage

Reduction (%)

Group Value in each group Plant height Fresh weight Dry weight

N22 Tolerance check 13.8 45.4 454
Group 1 (G1) Mean 21.7 43.1 52.1
(30 varieties) Maximum 27.6 51.6 59.7

Minimum 13.8 25.1 40.8
Group 2 (G2) Mean 34.9 72.4 73.2
(27 varieties) Maximum 39.3 79.9 78.0

Minimum 31.3 60.6 69.9
Group 3 (G3) Mean 333 65.4 66.0
(75 varieties) Maximum 38.5 74.1 69.7

Minimum 30.0 60.9 61.4
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Table 2 Shoot length, dry weight and reduction percentage of varieties in group 1 were cluster based on leaf score

and dry weight reduction at seedling stage

Shoot length (cm) Dry weight (g)
Group 1 Control Heat stress  Reduction(%) Control Heat stress  Reduction(%)
LLR-006 77.50 58.95 23.94 43.45 21.00 51.67
LLR-034 75.25 57.60 23.46 56.16 27.00 51.92
LLR-041 76.50 58.30 23.79 73.63 33.00 55.18
LLR-047 63.25 48.75 22.92 35.77 16.00 55.27
LLR-050 54.00 42.00 22.22 67.92 33.00 51.41
LLR-051 73.25 56.15 23.34 ae.47 21.00 54.81
LLR-052 56.50 46.50 17.70 37.52 21.00 44.03
LLR-055 75.50 63.85 15.43 45.79 24.00 47.59
LLR-056 55.00 43.00 21.82 16.66 7.00 57.97
LLR-072 69.50 59.00 15.11 47.30 27.00 42.92
LLR-146 71.25 57.75 18.95 49.41 26.00 47.38
LLR-155 60.50 47.50 21.49 38.03 18.00 52.66
LLR-180 75.00 58.00 22.67 63.15 28.00 55.66
LLR-181 42.00 31.00 26.19 43.84 18.00 58.94
LLR-184 73.75 56.30 23.66 40.11 18.00 55.12
LLR-231 72.25 54.75 24.22 47.83 22.00 54.01
LLR-235 72.25 58.25 19.38 28.71 17.00 40.79
LLR-261 71.50 53.50 25.17 30.56 14.00 54.19
LLR-262 67.25 56.25 16.36 41.92 22.00 47.52
LLR-263 70.25 53.65 23.63 56.74 26.00 54.18
LLR-264 74.00 53.60 27.57 51.57 21.00 59.28
LLR-278 66.25 49.75 2491 48.29 21.00 56.51
LLR-305 52.75 40.75 22.75 49.53 23.00 53.56
LLR-311 60.00 46.00 23.33 42.40 21.00 50.47
LLR-320 49.25 40.25 18.27 31.35 18.00 42.57
LLR-370 74.25 56.40 24.04 55.39 24.00 56.67
LLR-373 56.25 42.25 24.89 26.80 11.00 58.95
LLR-403 74.00 63.50 14.19 32.61 18.00 44.80
LLR-433 77.75 56.60 27.20 37.24 15.00 59.73
LLR-435 74.25 58.00 21.89 52.86 25.00 52.71

N22 (tolerance check) 69.57 60.00 13.76 49.44 27.00 45.39
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Table 3 The reduction percentage of filled grain per plant, filled grain per panicle and 100 seed weight under heat

stress condition

filled grain/plant (no.) Reduction (%)
Variety Control Heat stress  filled grain/plant filled grain/panicle 100 seed weight
N22 (Tolerance check) 17.37 16.19 6.83 1.73 1.98
Mean' 16.17 5.50 68.58 67.81 68.31
Maximum 27.50 20.40 100.00 100.00 100.00
Minimum 7.50 0.00 -4.35 1.73 1.98
F-test " " " " o
CV. 17.45 22.32 20.67 10.65 10.17

The value from 132 varieties, ** significant different at P<0.01.
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Figure 6 Cluster analysis of lowland rice varieties based on reduction percentage of tiller per plant, fill grain per
plant, 100 seed weight and 100% filled grain under heat stage at grain filling stage using Ward’s method with 70%

of similarity index.
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Table 4 Reduction percentage of filled grain per plant, filled seed weight, 100 grain weight and number of 100 fill

grain per plant under heat stress at grain filling stage

Reduction (%)

filled grain filled seed 100 seed No. 100
Group /plant weight weight filled grain
N22 Tolerance check 6.7 -12.7 34.6 1.3
Gl Mean 29.0 8.3 8.6 6.3
(49) Maximum 71.5 38.4 43.2 76.0
Minimum -33.0 -18.8 -29.8 -30.4
G2 Mean 77.9 48.6 21.3 -2.0
(3) Maximum 91.0 59.2 31.9 9.3
Minimum 66.8 39.5 1.6 -22.2
G3 Mean 9.3 85.1 4a1.2 -6.3
(1) Maximum 9.3 85.1 41.2 -6.3
Minimum 9.3 85.1 41.2 -6.3
G4 Mean -71.1 26.4 10.0 2.1
(1) Maximum -71.1 26.4 10.0 2.1
Minimum -71.1 26.4 10.0 2.1
G5 Mean 95.6 97.7 91.8 -11.3
(6) Maximum 100.0 99.2 98.9 -1.8
Minimum 75.3 94.8 60.0 -17.2
G6 Mean 77.1 62.0 28.5 69.1
(24) Maximum 100.0 93.0 55.4 100.0
Minimum 38.4 31.7 -6.5 31.9
G7 Mean 96.9 95.1 86.7 92.9
(48) Maximum 100.0 100.0 100.0 100.0
Minimum 58.9 82.7 30.5 33.3

Letter in the basket is the number of varieties in each group.
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Table 5 Leaf dead score from 4 to 10 days after treatment, dry weight reduction, number of filled grain per plant, filled grain weight and 100 filled seed number of

varieties that tolerance under both seedling and grain filling stages

Reduction (%)

Acc. No.  Group Group LD4 LD5 LD6 LD7 LD8 LD9 LD10 Dry weight No. filled Filled grain  SN100%
seedling  grain filling grain/plant weight
LLR-006 1 1 2 3 3 a 5 6 7 51.7 325 -18.8 53
LLR-072 1 1 1 2 2 3 a4 6 6 42.9 43.4 -3.9 -20.0
LLR-146 1 1 1 2 3 3 a 6 6 ar.4 49.3 -15.5 -12.5
LLR-230 1 1 2 3 a aq 5 6 7 54.0 -0.9 -6.3 -14.1
LLR-232 1 1 2 2 2 3 a4 6 6 40.8 2.5 -7.8 -7.6
LLR-262 1 1 2 2 a 5 5 6 7 54.2 -26.0 11.9 -30.2
LLR-263 1 1 2 2 3 a4 5 5 7 59.3 37.0 13.2 9.0
LLR-278 1 1 3 3 a 5 5 6 7 56.5 49.4 -2.2 -13.0
LLR-370 1 1 1 1 3 a4 5 7 7 56.7 15.5 26.1 54.8
LLR-435 1 1 1 1 3 a4 5 7 7 527 48.4 -10.2 14.1
LLR-180 1 3 1 1 3 a 5 5 7 58.9 9.3 85.1 -6.3
LLR-260 1 a4 1 1 3 a4 5 6 7 54.2 -71.1 26.4 2.1
N22 1 1 2 2 3 a a 5 6 a5.4 6.7 -12.7 1.3

LD=Leaf dead score, SN100%= 100% filled seed number
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