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Abstract:High temperature seriously threatens the yield, quality and fertility of middle-season rice. In order to

provide a scientific criterion for the approval and popularization of rice varieties in Hubei province, we investigated the
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heat resistance at flowering stage for middle-season rice varieties from Hubei regional trials in recent 3 years, under
natural high temperature environment greenhouse conditions. The results showed that most of tested varieties exhibited
good high-temperature resistance, in which the proportion of conventional varieties with heat-resistance grade of 1
to 3 was equivalent to that of two-line hybrid varieties, and the proportion of three-line hybrid varieties came next.
A total of 20 varieties with stronger heat resistance than CK were screened out, including 5 conventional varieties:
Yuehesimiao, Runzhuxiangzhan, S532, Chunuo3 and Lifengzhan. These conventional varieties can be used as heat-
resistant germplasm resources for rice breeding and also popularized as heat-resistant varieties in the heat-damaged
common areas. Meanwhile, 5 three-line hybrid varieties ( Quanyou133, Quanyoujingzhan,, Quanyoujinhe, etc. ) and
10 two-line hybrid varieties ( Cliangyou300, Quanliangyou5 and Enliangyou454 so on ) can be approved preferentially
and popularized as heat-resistant varieties in heat-damaged common rice areas. The germplasm resources with excellent
heat resistance may be screened out through further identification of their parents these hybrid varieties. In addition, 32
varietie including Teyou559, Huazheyoul534 and Zhongguangyou2 so on were sensitive to heat treatment, and it is
suggested that special caution should be taken in the approval for these varieties.

Key words: heat tolerance; natural high temperature stress; high temperature stress in greenhouse;

germplasm resources ; flowering stage ; middle season rice
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Table 1 Classification criteria for heat resistance of rice
materials at theflowering stage[ 1]
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Fig.1 Daily average temperature data for July-August in Hubei from 2018 to 2020 ( field )
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9 % Grade 9 0 0 2 2 PAKe C Pl 300, 4 Pifl 5 5 R 454 GE PR
i Total 27 77 20 154 A b BRI b P OLTE R 7 RO 386,

®3 MWRERRA 1 REET

Table 3 Selected varieties with grade 1 of heat resistance

K HI Field ##k Pot
O EEAT A R GRAESE BRASIR ORI FIRSEIR {“F]'f%ﬂ AR A éﬁ;a;im
Year Code Name Type (%) (%) B2 (%) "E'j/;)z 2R é‘l‘{HRC
SS/RT SS/HT RHSC SSN $SG RHSC

2020 20G31 S$532 HHL 90.37 81.38 1.11 88.92 62.84 1.25 1.18
2020 20G30 Gl HHL 89.27 79.51 1.08 83.67 58.35 1.16 1.12
2020  20G34 GIES WL 90.66 81.32 1.1 87.36 55.40 1.10 1.11
2019 19G35 TR I 86.76 75.91 1.06 85.93 55.79 1.15 1.11
2018 18G42 R 22T L 86.21 77.61 1.05 84.55 57.65 1.15 1.10
2020  20G43 PIRERL MR 90.15 81.32 1.11 84.31 60.08 1.19 1.15
2020  20G16 FePifl 386 [LES 91.62 81.08 1.10 88.37 58.62 1.16 1.13
2019 19G02 B 454 BIR 87.70 78.00 1.09 82.36 55.48 1.14 1.12
2019 19G12  #Mfieds R 88.73 80.17 1.12 85.64 53.64 1.10 1.11
2020  20G41 PRI ZZE MR 86.44 78.58 1.07 88.96 58.05 1.15 1.11
2018 18G30 CHifi300 P& 88.82 78.19 1.06 81.87 57.32 1.15 1.11
2020 20G46 Witk 1178 [LES 90.55 80.35 1.09 88.24 56.39 1.12 1.11
2019 19GOS BFILAEL PR 89.79 77.90 1.08 82.66 5427 1.12 1.10
2020 20GO1 BRWI 1503 P& 87.38 78.80 1.07 85.48 56.83 1.13 1.10
2018 18G09 WSS IR 88.14 78.74 1.07 85.32 56.25 1.12 1.10
2018 18G16 ZEA 133 =& 91.00 77.55 1.05 83.78 58.39 1.17 1.11
2020 20G26  EEEEREZE =R 88.54 79.54 1.08 84.40 57.74 1.14 1.11
2020 20G20 ZERAE =% 90.24 79.25 1.08 84.06 57.38 1.14 1.11
2019 19G24 ESURIEN =& 90.26 76.71 1.07 80.34 55.59 1.14 1.11
2018 18G15 ZEL A =& 88.96 78.47 1.07 83.25 56.44 1.13 1.10

SS/RT: Seed setting at room temperature, SS/HT : Seed setting at high temperature, RHSC: Relatively heat resistance coefficient, SSN: Seed setting

in natural condition, SSG: Seed setting in greenhouse, CRHRC: Comprehensive relative heat resistance coefficient
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Table S1  Selected varieties with grade 3 of heat resistance

KHE (BX. BT, #IM)

#ZHEH (RX)
Field(Wuhan,Xianning, Pot (W l; ) a—
N . ot (Wuhan Pty =RONi
£ RS s TR ESiil Jingzhou) T
Year Code Name Type RS BEREAL  ARXEA N L CRURC
PANNSS \\\) ( (
SR (%) E (%) ZHR ”SSN* SHE (%) ZHR
SS/RT SS/HT RHSC SSG RHSC
2019 19G36 AT H 86.28 76.96 1.07 83.24 52.34 1.08 1.08
2018 18G41 Bik 9276 H 85.91 74.41 1.01 82.98 53.54 1.07 1.04
2020 20G33 TEEFE 81 i 88.94 73.26 1.00 84.32 53.23 1.05 1.03
2020 20G37 £ 371 G 88.36 73.57 1.00 85.61 52.31 1.04 1.02
2018 18G38 HRaFE 99 I 87.62 72.80 0.99 82.53 51.32 1.03 1.01
2019 19G37 IR s 85.39 7227 1.01 81.36 48.59 1.00 1.01
2020 20G39 Bik 9276 s 87.48 72.89 0.99 84.98 51.58 1.02 1.01
2020 20G40 EEJEH s 88.17 72.67 0.99 88.27 51.36 1.02 1.01
2018 18G35 24 98 H 85.23 69.94 0.95 87.67 52.65 1.05 1.00
2020 20G36 EEH G i 90.36 75.24 1.02 91.02 48.69 0.96 0.99
2020 20G35 & 111 H 86.37 70.24 0.95 85.26 51.51 1.02 0.99
2020 20G48 w25 i 85.99 73.28 1.00 80.69 49.01 0.97 0.99
2020 20G38 taFE 299 N 87.39 71.25 0.97 87.11 50.17 0.99 0.98
2018 18G36 Ak 15 N 84.11 68.21 0.93 84.03 50.28 1.00 0.97
2020 20G51 HERE 4 5(CK) g 84.06 67.92 0.92 85.11 4721 0.94 0.93
2019 19G34 R e L s 81.10 69.28 0.96 76.38 43.25 0.89 0.93
2018 18G31 BIFI 5187 & 90.05 80.07 1.09 88.32 53.71 1.07 1.08
2020 20G12 C il 361 & 83.68 75.72 1.03 81.24 55.38 1.10 1.07




2020
2018
2019
2019
2020
2020
2018
2018
2019
2020
2020
2018
2019
2020
2020
2020
2020
2019
2018
2018
2019
2019
2019
2019
2020
2019

20G18
18G20
19G28
19G54
20G19
20G45
18G07
18G08
19G45
20G03
20G17
18G13
19G06
20G11
20G14
20G07
20G10
19G05
18G05
18G40
19G09
19G11
19G41
19G47
20G09
19G14

SR 1
TP 688
KWL 1835
TR 6 =
PR 601
VWAL 457
P 322
PO AE o
QUL 412
AW 612
TP 595
C Wil 018
MR 2885
WL 348
C Wit 2289
HFFL 6218
itk 257
BIPIALEE
PR
FEPI 138
i 46 AL 813
WL 1107
HHIRAE
TR 3% o5
P 3703
PR 22 v

P2
P2
P2
P2
P2
P2
P2
P2
P2
P2
P2
P2
P2
P2
P2
P2
P2
P2
P2
P2
P2
P2
P2
P2
P2
P2

89.86
85.25
87.40
90.04
88.04
90.24
86.70
85.69
85.86
86.36
90.44
87.63
88.50
84.27
85.67
87.49
84.09
89.44
86.22
90.21
88.31
88.66
84.84
85.64
84.66
86.61

77.29
73.57
75.40
74.48
76.44
79.48
72.72
72.82
73.08
74.70
75.38
75.54
73.23
74.56
72.18
74.38
73.87
72.92
75.31
75.15
72.51
73.49
73.41
71.34
74.64
73.19

1.05
1.00
1.05
1.04
1.04
1.08
0.99
0.99
1.02
1.02
1.02
1.03
1.02
1.01
0.98
1.01
1.00
1.02
1.02
1.02
1.01
1.02
1.02
0.99
1.01
1.02

82.07
85.89
84.77
85.78
82.94
85.24
80.88
82.14
83.65
86.27
86.23
82.49
83.51
82.75
82.55
84.90
83.24
82.67
82.31
88.41
81.71
83.88
81.73
83.65
86.46
83.64

54.32
55.35
51.36
51.36
53.64
51.69
54.85
55.24
51.81
53.67
53.45
51.36
50.46
52.87
54.30
52.66
52.65
48.97
50.14
50.14
49.13
48.67
48.65
49.90
51.19
48.63

1.08
1.11
1.06
1.06
1.06
1.02
1.10
1.10
1.07
1.06
1.06
1.03
1.04
1.05
1.08
1.04
1.04
1.01
1.00
1.00
1.01
1.00
1.00
1.03
1.01
1.00

1.07
1.06
1.06
1.05
1.05
1.05
1.05
1.05
1.05
1.04
1.04
1.03
1.03
1.03
1.03
1.03
1.02
1.02
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01




2018
2020
2018
2019
2019
2020
2019
2019
2018
2018
2018
2019
2018
2018
2019
2018
2019
2019
2020
2018
2018
2018
2018
2018
2019
2020

18G19
20G42
18G47
19G40
19G53
20G49
19G42
19G46
18G23
18G26
18G43
19G04
18G25
18G45
19G44
18G17
19G10
19G43
20G15
18G48
18G06
18G12
18G02
18G37
19G38
20G13

C Witk 518
9 mifhse
FPIL 4 5(CK)
iR 2877
FWRIY
FEPHEE 5 (CK)

APIAL 757
EPifE 2822
P 3734
E £ 1S/R20

Y Ffl 911
E WH1f 2071

HHE 16

Ptk 748
KR 6S/R179
E R B

RPIK 688
B tRATE L

FWLL 913
TR 6 &

Pl 66
KA 2 5
PR 2869

IR 510
WiFik 2652
EK2S/R603

P2
P2
P2
P2
P2
P2
P2
P2
P2
P2
P2
P2
P2
P2
P2
P2
P2
P2
P2
P2
P2
P2
P2
P2
ZES
ZES

82.98
83.79
86.63
85.73
88.26
85.79
84.67
87.51
86.36
85.96
87.48
86.97
83.04
87.19
87.99
87.79
85.89
86.33
86.61
87.17
84.52
81.75
83.61
86.61
84.82
82.45

71.55
70.08
73.61
70.30
71.82
73.55
71.44
72.08
72.75
68.53
71.51
72.62
68.65
74.60
70.53
73.18
71.04
70.05
70.24
73.64
71.82
67.98
67.89
71.46
65.83
65.30

0.97
0.95
1.00
0.98
1.00
1.00
0.99
1.00
0.99
0.93
0.97
1.01
0.93
1.01
0.98
0.99
0.99
0.98
0.95
1.00
0.98
0.92
0.92
0.97
0.92
0.89

82.64
80.17
84.20
82.47
83.65
82.54
82.42
82.47
85.35
88.52
88.86
80.25
83.18
91.42
82.47
89.47
82.26
82.47
85.21
80.99
81.24
80.44
78.65
84.23
83.47
78.36

51.91
53.33
50.06
49.65
48.64
50.47
47.65
47.30
48.72
51.64
49.65
46.36
50.95
47.25
47.36
47.56
46.18
46.63
50.21
46.38
45.96
48.63
48.25
45.51
4481
48.03

1.04
1.06
1.00
1.02
1.00
1.00
0.98
0.97
0.97
1.03
0.99
0.95
1.02
0.94
0.97
0.95
0.95
0.96
0.99
0.93
0.92
0.97
0.96
0.91
0.92
0.95

1.01
1.01
1.00
1.00
1.00
1.00
0.99
0.99
0.98
0.98
0.98
0.98
0.98
0.98
0.98
0.97
0.97
0.97
0.97
0.97
0.95
0.95
0.94
0.94
0.92
0.92




2020
2018
2018
2020
2018
2019
2020
2019
2019
2019
2018
2020
2018
2019
2018
2019
2019
2019
2018
2019
2019
2018
2019
2020

20G44
18G10
18G18
20G22
18G46
19G31
20G28
19G15
19G16
19G26
18G24
20G29
18G32
19G27
18G44
19G29
19G30
19G52
18G04
19G17
19G21
18G21
19G23
20G27

EK3S/R76
241 412
241 303
4R 9320
HE
Fifl 4919
FfL 6719
ZEAR 1175

HZEHR 5195
AR 9188

R i 4393
Fifl 4918
4R 7810
E 21k 68
ZEAR 071
1 3804
F L 6720

TR EAR LT

I8 MR E R

41 368
JE 3 1 4038
ZEAR 967
E 21k 67
2148 79

i %
=A
=A
=&
=A
=A
=&
=&
=&
=&
=A
=A
=&
=A
=A
=A
=&
=&
=&
=A
=A
=A
=&
=&

84.48
86.80
86.61
88.97
87.14
86.29
88.22
85.82
86.81
86.14
85.02
86.70
87.63
86.91
84.56
85.74
83.47
84.88
89.04
85.12
86.54
82.89
85.03
82.93

65.14
75.75
73.95
78.39
74.51
74.83
78.32
76.01
73.67
73.45
71.07
72.98
74.89
73.62
68.19
71.61
70.73
71.39
76.59
69.35
68.70
71.66
70.69
70.02

0.89
1.03
1.00
1.07
1.01
1.04
1.06
1.06
1.03
1.02
0.97
0.99
1.02
1.03
0.93
1.00
0.98
0.99
1.04
0.97
0.96
0.97
0.98
0.95

82.80
83.54
88.49
82.89
87.31
82.35
83.18
84.92
83.91
81.84
85.88
81.92
83.62
82.59
89.82
82.76
83.45
81.25
82.19
83.57
82.74
81.25
79.86
79.26

47.95
56.72
56.87
53.27
54.93
51.38
52.65
50.27
51.36
51.28
54.34
54.17
51.04
49.24
53.64
47.53
48.69
47.62
45.95
48.08
48.65
48.31
46.21
49.68

0.95
1.13
1.14
1.06
1.10
1.06
1.04
1.03
1.06
1.05
1.09
1.07
1.02
1.01
1.07
0.98
1.00
0.98
0.92
0.99
1.00
0.97
0.95
0.98

0.92
1.08
1.07
1.07
1.06
1.05
1.05
1.05
1.05
1.04
1.03
1.03
1.02
1.02
1.00
0.99
0.99
0.99
0.98
0.98
0.98
0.97
0.97
0.97




2020 20G23 E 211 80 =& 84.47 68.60 0.93 80.37 49.85 0.99 0.96
2019 19G50 TEFER B =% 82.80 69.89 0.97 82.47 45.68 0.94 0.96
2018 18GO1 7TA/R88 =A 86.01 71.79 0.98 87.01 45.55 0.91 0.95
2020 20G06 TR 718 =& 86.63 69.88 0.95 83.22 47.50 0.94 0.95
2020 20G21 2R 60 =% 85.67 67.32 0.92 81.08 47.32 0.94 0.93
2018 18G33 mifk 6711 =A 87.02 69.48 0.94 79.16 45.58 0.91 0.93
2018 18G29 Jkil 6377 =& 85.28 71.28 0.97 81.36 43.25 0.86 0.92
2019 19G32 . 7055 =% 83.98 66.15 0.92 81.24 44.36 0.91 0.92
Bk 2 mRAVIERIL 5-9 RAY TP
Table S2  Selected varieties with grade 5 to 9 of heat resistance
AHE (X, BT, #M) .
Field(Wuhan,Xianning, wR (BR)
Pot (Wuhan) AT
4y MRS mFEIR KA Jingzhou) F— R A
Year Code Name Type iR EREST HMmH RS (%) i%%f%‘iﬁ% A HoF iR 4 CRHRC Grade
IR (%)  E (%) FHR SN LE (%) ARHR
SS/RT SS/HT RHSC SSG RHSC
2018 18G34 AR 28 L 83.95 62.74 0.85 78.12 40.14 0.80 0.83 5
2019 19G33 HEw 3! 83.63 64.88 0.90 80.85 40.50 0.83 0.87 5
2019 19G55 Hedg LS9 82.26 61.41 0.86 80.55 42.31 0.87 0.87 5
2018 18G49 HAE Y Gip: 85.31 69.79 0.95 87.59 40.64 0.81 0.88 5
2020 20G50 {5 (CK) M 88.47 70.02 0.95 83.64 42.26 0.84 0.90 5
2019 19G01 IR 6671 [ES 84.71 60.80 0.85 81.84 40.36 0.83 0.84 5
2019 19G13 HHL 115 LES 86.37 59.61 0.83 82.43 41.52 0.85 0.84 5
2019 19G03 C815S/E 1k 143 LES 83.79 6121 0.85 75.36 40.71 0.84 0.85 5




2020
2020
2019
2019
2020
2020
2018
2018
2018
2020
2019
2019
2020
2019
2019
2020
2019
2019
2018
2018
2020
2019
2018
2018

20G05
20G32
19G39
19G48
20G02
20G08
18G11
18G27
18G14
20G47
19G19
19G22
20G24
19G49
19G25
20G25
19G18
19G51
18G28
18G39
20G04
19G20
18G50
18G22

HEPHIAR 1057
R 71
HEFL 911
R 125
Btk 1724
RMPH IR 2
BB 965
WL 662
HO68S/R1368
NREARH 4
24 425
541 8238
MFER 8024
Ak 972
FURAE &
hoRIE 1S
%54k 106
T 4A/FEAR RO6
e R )
k2 5
PR 409
%51 3818
L 559(CK)
TR 1534

7 %
5 %
5 %
5 %
5 %
5 %
=R
=3
=R
=3
=R
=R
=3
=R
=3
=3
L
=3
=R
=R

84.06
79.38
77.34
79.09
82.60
81.25
80.56
83.64
82.85
78.99
83.77
83.05
80.36
78.95
83.68
82.39
86.08
87.54
81.16
77.50
78.33
79.08
72.65
73.14

65.15
65.51
64.04
62.53
63.51
63.06
66.40
65.64
64.01
60.31
59.91
63.44
62.24
63.30
62.44
64.78
64.18
62.80
68.23
51.14
54.37
50.01
35.78
35.27

0.89
0.89
0.89
0.87
0.86
0.86
0.90
0.89
0.87
0.82
0.83
0.88
0.85
0.88
0.87
0.88
0.89
0.87
0.93
0.69
0.74
0.70
0.49
0.48

82.23
76.28
74.58
75.68
83.18
83.77
77.36
81.36
84.50
73.58
81.36
79.25
75.24
74.85
81.48
80.47
82.47
80.26
88.47
76.88
69.39
75.22
72.67
74.24

41.58
41.44
40.17
41.28
4433
44.45
42.66
4321
45.55
38.45
39.25
38.40
42.52
41.08
41.68
42.66
42.35
43.12
42.55
31.47
30.58
30.30
21.63
24.92

0.82
0.82
0.83
0.85
0.88
0.88
0.85
0.86
0.91
0.76
0.81
0.79
0.84
0.84
0.86
0.85
0.87
0.89
0.85
0.63
0.61
0.62
0.43
0.50

0.86
0.86
0.86
0.86
0.87
0.87
0.88
0.88
0.89
0.79
0.82
0.84
0.85
0.86
0.87
0.87
0.88
0.88
0.89
0.66
0.68
0.66
0.46
0.49
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