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Abstract: With increasing temperature with glasshouse, the heat resistances and responses of 37 hybrid rice
combinations to high temperature in whole stage were analyzed and evaluated with the heat susceptibility
index, heat resistance coefficient and geometric mean in yields and their traits (panicle length, primary
branches, secondary branches, tota grains, no-filled grains, panicle number, 1000-grain-weight, seed-setting
rate and grain density). The results showed that heat susceptibility indexes, heat resistance coefficient and
geometric means in yields and their traits of 35 hybrid rice combinations to high temperature in whole stage
were significantly genotypic differences. The maximum and minimum responses or heat susceptibility indexes
of traits were respectively those of secondary branches and seed-setting rate. The maximum and minimum
geometric means of traits were respectively those of no-filled grains and panicle length. Correlations of hest
response or susceptibility indexes of 1000-grain-weight and seed-setting rate, geometric mean of total grains and
grain density to heat resistance coefficient were significant at 0.01 level. The clustering and discrimination
analyses of heat resistance in 37 hybrid rice combinations were conducted according to the comprehensive heat
resistances of responses, heat susceptibility indexes and geometric means in yields and their traits, which
indicated that the results had no fully common with the direct evaluation according to heat resistance coefficient,
and the best consistency (70.27%) with heat susceptibility indexes, the next (59.50%) with geometric means and
the worst (48.65%) with comprehensive responses. Therefore, comprehensive heat resistance of heat sus-
ceptibility indexes in yield traits was the dependent method and index of indirect evaluation on rice heat
resistance, the maximum effect with 1000-grain-weight and seed-setting rate.
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Figure 1. The curveline of temperature and temperature difference in the whole stage
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Table 1. Responses of yieldsand their traitsin hybrid rice combinationsto high temperaturein whole growth stage and types according to them

R 1L RTEEEFEERNEE FARENRAR

CB PL PB SB TG NFG PN TGW SSR GD YPP HRD CHR RD
2001 -111 695 1635 —6.83 7352 0.00 3.99 -780  -580 -10.68 H -3.74 o
2002  -1145 -17.75 4269 -2473 407.76 8667 -2806 4224 -1498 -68.65 {iS -20.90 {lis
2003 8.83 -719 912 636 10636 5333 -136 -1426 -1397 -20.83 i -5.50 EN
2004 990 466 4463 3000 18208 2778 332 4071 -2234 -59.84 & -12.34 EN
2006 -4.05 1296 973 6.02 746 667 131 151 10.52 9.08 el 1.37 o
2007 619 -17.34 3781 2332 30171  21.05 444 2744 1825 4195 1% -13.98 o
2010 -5.61 077 2619 -1631 2714 1667 19196 685 1132 127.27 5 11.95 =
2011 448 2040 2609 -8.17 25.64 10.00 9.05 -429 -390 418 h -2.96 L
2013 579 1927 4007 2666 5831 -1111 280 1394 2214 3504 fi% -7.13 L
2014 561 561 2671 1461 39728 -1111 905  -1845 -954 2407 h -13.62 L
2017 1.95 11.39 9.68 9.83 36081 2381 1010  -24.19 7.74 -8.29 h -8.49 LY
2020 242 617 2709 235 -38 588 3.47 0.22 0.08 1.25 h -0.48 LY
2021 267 3418 5764 2950 10871 2143 271 1651 -31.33 -39.48 fi% -10.52 LY
2022 —2.63 458 2599 2320 3302  114.29 352  -1313 2115 -30.95 fi% -4.77 LY
2023 506 053 24.72 4.49 65331 1579 -1644 4621 1006  -53.07 1% -20.26 &
2024 384 628 2342 819 12794 667 1.28 912 454 1547 H -5.79 L
2025 -3.14 16.68 8.63 11.00 19175 4737 -3323 2268 1461 —42.65 1% -6.85 L
2026 439 032 1524 1038 26374 -2857 075  -4454 628  —49.93 1% -11.28 L
2028 113 13.78 26.39 3730 59115 3333 843 4164 3575 2668 H -14.14 L
2029 0.40 -8.83 1941 1205 717.22 2667 -17.77 5352 1241 —66.44 1% -24.82 &
2030 5.58 2571 4078 4137 32432 3889 1626 2092 3395 644 H —4.68 o
2031 7.86 1111 66.77 3828 18775 -1429 916 1545 2822 6.29 H -0.28 o
2032 2.81 12.07 48.11 2902 80255 -21.05 1231 -21.36 2546 -11.05 H -18.67 {lis
2033 8.31 —4.64 24.63 19.74 34545 2500 -12.96 -2366 1059  —20.46 H -9.37 o
2034 420 3967 12209 7816 64346 2941 1198 2243  70.98 54.76 = -381 o
2035 -3.91 5.80 441 646 18696 —40.00 1121 4266 -2.67 5231 1% -8.61 o
2036 13.99 8.49 72.19 5498 30091 4444 866 3213 3597 401 i -2.85 o
2037 10.71 17.08 48.86 3069 24489 3750 -1594 2266 2616  -9.14 i -3.09 o
2038 10.48 8.25 38.82 3331 75962 -3333 -1695 2767 2065 -19.95 e -18.64 {lis
2041 6.89 -1.03 213 19.85  502.18 000 1712 3892 1212 3941 1% -15.62 EN
2042 244 -6.35 471 1269 16990 556 -2447 3211 1478 5531 1% -9.96 EN
2043 167 1370 2444 1154 24851 1875 494 2509 970  -20.50 i -7.31 EN
2047 1412 3283 6110 4611 297.22 1250 1693 -1360 -37.25 —61.28 fi% -18.50 {iS
2048 -1.61 8.90 6.69 1564 18869  10.00 —294 2978 1429 4245 fi% -8.00 LY
2049 185 228 5192 2330 15380 667 -1490 -26.68 2467 5217 fi% -12.36 LY
2050 -319  -1994 1316 -420 50705 4211 1505 6840 -1.04 7425 fi% -20.89 {iS
2052 —4.09 -1218 3198 2813 74767 -526 1638 6938 -2508 -8159 fi% -30.23 {iS

R 0254  0470** 0362 0440** -0253 -0.033 0.769** 0.617** 0.452**

4 (Notes): CB: #1#, Combination; R: 4% %%}, Correlation; PL: 1, Panicle length; PB:— /X ki ##i%}(, Primary branches; SB: — /X4 %}, Secondary branches; TG:
JRIE, Total grains, NFG: 251 %, No-filled grains, PN: %], Panicle number; TGW: T4, 1000-grain -weight; SSR: #4513, Seed-setting rate; GD: FH i % ¥,
Grain density; YPP: ik &, Yield per plant; HRD: $i#4%54, Heat resistance degree; CHR: %: & #ii# /1, Compreheensive heat Resisance; RD: 1% %54, Response
degree; ** Fi* 73 Hil o~ 1% 5% 5 3 /K, ** and * indicate respectively the significance at 1% and 5% levels. I [, the same as below.
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Table 2. Heat susceptibility indexes of yields and their traitsin hybrid rice combinationsto high temperaturein whole growth stage and
types according to them

R 2. TRE S BIERBAIGRAE IHRER 533

cB PL PB SB TG NFG PN TGW SSR GD YPP CHR HRD
2001 442 2.93 12.11 556 0.29 0.00 -0.69 0.29 —57.98 0.35 9.67 =
2002 4579 7.49 3162  —20.10 1.63 1275 484 160  -149.76 227 29.80 =
2003  -35.33 3.03 6.75 517 0.42 —7.84 0.23 054  -13966  0.69 16.77 =
2004 39.61 197 3306  —24.39 0.73 408 057 154 22339 198 37.33 &
2006 16.18 —5.47 7.21 4.90 -0.03 0.98 -0.23 006 10524 030  -1257 3
2007 24.77 7.32 2801  -18.96 1.20 -3.10 -0.77 104  -18251  1.39 30.49 &
2010 2245 -0.32 1940  -13.26 0.11 245  -33.10 026  -11321  -4.20 12.19 &
2011 17.92 8.61 19.33 —6.64 0.10 —147 -156 0.16 -39.04 0.14 9.64 =
2013 23.15 8.13 2068  —21.68 0.23 1.63 -0.48 053 22141 116 35.66 =
2014 22.46 237 1979  -11.88 159 163 -156 0.70 —95.40 0.80 16.98 f
2017 —7.78 —4.80 —7.17 7.9 1.44 350 -1.74 0.91 77.42 0.27 -12558 3
2020 9.66 —2.60 20.06 -1.91 -0.02 0.87 -0.60 -0.01 0.84 -0.04 232 =
2021 -1070 1442 4270 2398 0.43 -3.15 -0.47 062  -31335  1.30 47.15 =
2022 10.53 -1.93 1925  -18.86 0.13 -1681  -061 050 21150  1.02 31.01 f
2023 20.24 0.22 -1831 3.65 261 232 2.83 1.75 100.60 1.75 -12.24 i
2024 15.36 2.65 17.35 —6.66 051 0.98 -0.22 0.34 —45.36 051 9.60 f
2025 12.57 —7.04 -6.39 8.94 0.77 6.97 573 0.86 146.06 141 -1851 e
2026 17.57 0.13 11.29 -8.44 1.05 420 -0.13 1.68 —62.76 1.65 11.45 &
2028 -453 581  -1955 3032 2.36 490 1.45 157 357.54 0.88 -50.21 i
2029 -161 373 -1438  -9.80 2.86 3.92 3.06 202  -12415 220 16.67 f
2030 2230 1085 3021 3364 1.29 572 2.80 0.79 339,53 0.21 -51.34 i
2031  -3142 469  —4946 3112 0.75 2.10 158 058 28220 021  -4598 3
2032 -1126 509  -3564 2359 3.20 3.10 212 0.81 254.60 0.36 -38.61 e
2033  -3325 1.96 -1824  16.05 1.38 3.68 223 0.89 105.95 0.68 -18.26 e
2034 -1682 1674  -9044 6354 257 433 207 0.85 709.76  -1.81  -108.11 &
2035 15.65 245 -3.27 5.25 0.75 5.88 1.93 161 —26.67 173 5.07 f
2036 5598  -358 5347 4470 1.20 6.54 1.49 121 359.72 0.13 -59.11 i
2037  -4283 721 -3619 3227 0.98 551 275 0.86 261.56 0.30 —43.08 3
2038 -4192  -348  -2876  27.08 3.03 490 292 1.05 206.52 0.66 —34.14 e
2041 2757 0.43 -158 16.14 2.00 0.00 2.95 1.47 121.16 1.30 -17.98 i
2042 975 2.68 349 1032 0.68 0.82 422 121 -14781 183 20.02 =
2043 —6.69 5.78 -18.11 9.38 0.99 276 0.85 0.95 97.02 0.68 -14.29 3
2047 56.46 13.85 4526 3749 1.19 —1.84 2.92 051  -37251 202 61.72 &
2048 6.45 -3.76 49 1271 0.75 —147 051 113 -14293 140 19.09 &
2049 —7.40 9.64 3846  -18.94 0.61 0.98 257 101 24670 172 38.15 &
2050 12.75 8.41 9.75 341 2.02 6.19 259 259 -10.36 2.45 5.70 &
2052 16.38 5.14 2369 2287 2.98 0.77 2.82 262  -25075 270 39.24 f
R 0255  0471** 0362 -0440* 0253  -0033 0.769** 0617** —0.453+*
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Figure5. The geometric mean variations of yieldsand their traitsin hybrid rice combinationsto high temperaturein whole stage

5 REZBASFBERMNSETHSEWEAER/LATHENER

Copyright © 2011 Hanspub

HJCB



TR 55 | TFSEAY AR SR A F U PR T N 19
Table 3. Geometric mean of yields and their traitsin hybrid rice combinationsto high temperature in whole growth stage and types
according to them
R 3. RIIEEAFEMERILATERME AR ER 52

CB PL PB SB TG NFG PN TGW SSR GD YPP CHR HRD
2001 21.59 10.55 14.15 108.05 12.24 17.00 2457 88.05 50.05 5.84 40.76 ik
2002 21.13 9.25 10.09 97.93 17.42 20.49 22.25 70.79 46.36 3.86 36.04 fi&
2003 21.73 9.25 10.04 84.70 13.32 18.57 29.22 82.79 38.98 512 34.01 fi&
2004 20.51 9.22 13.02 93.05 22.12 15.30 24.89 67.88 45.37 3.93 36.03 i
2006 23.72 10.42 14.06 118.48 11.74 14.49 25.44 90.07 49.95 6.79 43.10 T
2007 19.24 9.86 8.22 75.77 10.54 20.90 25.29 80.00 39.38 3.83 31.25 ik
2010 23.19 10.48 14.79 105.30 15.12 19.44 14.03 85.27 45.42 315 38.81 fix
2011 21.16 11.15 14.96 119.02 14.52 20.98 25.15 87.63 56.25 6.56 43.63 H
2013 20.30 9.88 11.23 92.54 14.61 16.97 29.67 82.80 45.59 5.68 36.77 fi&
2014 20.07 10.04 10.51 92.05 8.18 16.97 26.77 86.98 45.86 5.36 36.41 i
2017 23.88 10.66 10.92 95.71 13.80 18.33 27.44 80.94 40.09 5.32 36.36 T
2020 24.12 11.69 16.17 115.56 14.71 16.49 25.50 87.26 47.90 6.43 42.56 H
2021 21.59 8.92 11.20 104.17 13.93 15.43 27.29 84.27 48.24 5.99 39.25 fi&
2022 23.25 10.95 2317 143.29 28.67 20.49 27.14 79.04 61.63 7.68 50.34 [
2023 21.95 11.34 14.05 107.12 19.93 17.44 2747 68.26 48.80 5.02 39.46 i
2024 22.22 10.33 13.71 112.49 10.27 14.49 29.88 89.81 50.62 7.55 42.17 T
2025 2255 11.20 21.01 134.69 26.70 13.78 20.22 77.18 59.74 5.26 47.99 H
2026 22.26 941 2151 129.82 33.24 11.83 2557 65.01 58.31 5.40 46.63 H
2028 25.75 12.23 24.28 162.79 34.18 17.32 29.39 69.24 63.22 8.28 54.39 [
2029 22.35 10.38 12.89 97.91 18.10 12.85 27.77 64.04 43.80 4.35 36.74 i
2030 25.06 12.65 24.06 152.92 25.07 14.07 23.92 80.51 61.02 7.36 52.60 =
2031 25.91 14.23 24,91 172.70 3114 12.96 25.50 80.46 66.65 8.86 57.83 =
2032 21.25 8.25 12.88 90.50 8.23 16.88 2555 85.64 42.59 4.95 35.69 ik
2033 24.42 11.78 20.31 124.81 19.27 13.86 26.07 80.38 51.12 6.54 45.26 H
2034 24.76 10.01 16.66 123.75 16.69 14.28 25.16 82.26 49.96 6.41 44.08 el
2035 22.30 10.29 14.36 109.68 32.86 15.49 27.75 62.77 49.19 4.78 40.37 T
2036 24.64 12.38 21.80 146.28 39.60 13.42 25.37 68.52 59.35 6.36 50.76 =
2037 23.68 10.07 22,95 153.06 32.15 12.65 24.68 76.19 64.63 7.20 52.82 [
2038 21.46 11.85 19.24 136.63 16.77 14.70 25.00 80.93 63.66 6.91 48.67 el
2041 24.45 11.59 22.29 136.53 26.99 17.00 24.93 71.26 55.84 6.06 47.68 el
2042 23.66 12.04 14.78 117.79 2757 17.49 24.54 71.43 49.78 5.16 42.30 T
2043 24.71 11.73 25.10 171.29 31.98 14.42 21.52 7741 69.31 7.13 57.06 "
2047 21.07 9.83 10.95 101.26 5.74 16.97 2272 91.02 48.06 524 38.41 &
2048 20.31 9.50 12.50 105.26 21.32 20.98 28.13 74.62 51.82 5.52 3941 ik
2049 22.90 9.84 18.44 118.99 2242 14.49 25.07 76.76 51.96 573 4351 H
2050 25.94 12.29 18.83 131.98 37.75 14.46 26.58 49.83 50.88 4.37 44.93 el
2052 23.68 10.85 1341 108.65 2253 18.49 25.24 51.99 45.88 357 37.82 (5

R 0.468**  0.509**  0.654**  0.733** 0.247 -0.340* 0.293 0.361* 0.731**
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Table 4. Discrimination analyses on heat resistance of hybrid rice combinations on the basis of heat resistant coefficient in yields
and their trait

R 4. IRZRASRARBETAMRIR S

IR Traits LA R PEAR R 5 PER LT
Comprehensive response Heat susceptibility indexes of traits Geometric mean of traits

SR e

Jjﬁ ?iﬁlﬂ'ﬂrﬁ?@f . N 0.786** —0.479%* 0.180

Correlation to heat resistant coefficient

590 IE B 3 28(%

IR E (%) 50.50 7027 4865

Discrimination percentage (%)

LAFERDF IR, RRRTAAE St — OB
AR, AR, AT R T
WA G R RTRSRY, FAAR
PR BRI RO 15 8 3% (02 57,
SRR SR, BB BB FAKH
PRI SR T i, R R AR A
B SCHERME R 5, P REHRA 4 PSR
VAR PRI, PERBARE, PEARIUITII (%
S BA T IRBEREL. U E BRI K
PUEE NP TS S SN Ak Top
T h 5 MK R R REATITE R L R HOR
MPREAE R R R AR S LT, SBUR A
[28-30]

TR R S A ROAE AR, 8 B
R IK A SFUBESE DU PRER AR L A T B
FRRLAL BRI 255 A BRI, 360 5 3 2
T KB 45 0 T T 52 AT K
AR VR R B (ET A2 57, 2K TR
ALK R, DIFENI SRR
SR BT KNS, 7 B PR
NI SR RS RSO L TH
B AR N, O UL
B BERKE. AR AR & R OB R T
17K T S D5 2 RO .
YL A, SRR S 7 VRIS AR A
SR R S A O F T4 A5,
SRR TLATE (SR A RSO L, 5
DHTEFEAR 1 P9, i 5 ARG R A 7 AL
TEBRIRLIE T3, FAAABATRIL, AR
GV, AR TR 8 0 BV 9 R
Si B SHAREIIAIE RSB, AR
U PR M (70.279), LRIV 451
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59.50%, AR JLIIIIMEW) & FE e 22 (48.65%) s  [A I,
KR 1 B AR R IR AT BT 1 S 2 A8 K R b A ik
VA (0 0] S 7 V2 AE AR 7 SE B N FH o
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