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Abstract: In order to understand the physiological response of wheat to post-anthesis high temperature, 26 wheat
cultivars including Luohan2, Zhengmai366, etc were screened. And 11 physiological indexes including the content of leaf
relative water content, soluble protein, malondialdehyde(MDA), etc were analyzed under post-anthesis high temperature
stress(plastic-covered tunnel) and natural growth conditions(CK). The results showed that under high temperature stress,
the change trend of the photosynthetic rate, transpiration rate, stomatal conductance, chlorophyll content, and leaf relative
water content decreased as a whole, while the change trend of soluble protein content and malondialdehyde(MDA)
content increased as a whole, but the change trend of superoxide dismutase(SOD), peroxidase(POD), and catalase(CAT)
were not obvious in 26 wheat cultivars. And we took each high temperature resistance coefficient as the index of high
temperature resistance, and evaluated different cultivars wheat comprehensively through principal components analysis.
The results showed that 11 indices were transformed to 5 independent comprehensive indices, which total cumulative rate

reached to 80.561% through analysis of principal component. Based on the relevant indexes of yield, 26 wheat cultivars
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were divided into 4 groups. The first category included 11 cultivars, such as Zhoumai22, Xinmaill belonged to the
medium-level high temperature resistant wheat cultivars. The second category included 10 cultivars, such as
Zhengmai366, Lankaoaizao8 belonged to high-level high temperature resistant wheat cultivars. The last category
included 4 cultivars, such as Xinong979, Luohan6, belonged to low-level high temperature resistant wheat cultivars.
Among them, Luohan2 was high temperature sensitive cultivar and it’s heat sensitivity index of 1000-grain weight and
yield were higher than 2, the index and coefficient of resistance of 1000-grain weight were less than 80%. Comprehensive
judgment based on D-value clustering classification results, Zhengmai366, Lankaoaizao8 and Jimai47 belonged to the
high temperature resistant wheat varieties; Xinmaill, Zhoumail9, Zhengmai7698 and Fengdecunmail belonged to the
medium-high temperature resistant wheat varieties; Xinong979, Luohan2 and Beijing8 belonged to low and high

temperature resistant wheat cultivars.
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Table 1 General information of wheat cultivars used
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Table 2 The temperature and humidity in normal and heat- stress conditions during the filling stage of wheat

s M I i2%/°C AL C HpgEc TR,

CK HT CK HT CK HT
5H13H 22.0 23.0 1.0 29.7 322 2.5 45.6 48.2
5H14H 18.7 19.4 0.7 24.6 26.1 1.5 55.5 56.7
sHI15H 17.1 18.3 1.2 24.7 26.8 2.1 71.2 79.7
5H16H 20.5 22.7 22 322 35.6 3.4 54.0 62.3
sH17H 235 27.1 3.6 33.5 41.1 7.6 52.8 54.5
5H18H 243 26.6 23 35.1 38.9 3.8 55.7 57.0
5H19H 24.0 26.7 2.7 32.8 38.7 5.9 43.0 51.6
5H20H 223 25.4 3.1 312 36.8 5.6 56.3 58.0
5H21H 23.5 26.2 2.7 322 36.6 4.4 56.7 60.8
5H2H 22.7 26.3 3.6 323 41.6 9.3 51.8 60.8
5H23H 18.4 212 2.8 28.6 334 4.8 51.6 64.3
50240 19.4 222 2.8 304 36.3 5.9 47.2 61.7
5H25H 223 26.2 3.9 34.7 41.6 6.9 39.6 46.4
5H2H 24.2 27.9 3.7 34.7 423 7.6 40.7 47.2
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Table 3 Photosynthetic indexes of different wheat cultivars at grain filling stage

HOL A HR/ (umol-m s

LS LE/(mmol - m s

i
CK HT CK HT

74 979 (5.53%0.58)bcdefgh (3.35+0.69)igk (0.13£0.03)defghi (0.090.04)cdef
e 85 (4.33£0.23)fgh (3.14£0.43)jk (0.11£0.02)fghi (0.06£0.01)ef
115 (4.3620.62)efgh (3.8320.04)hijk (0.1620.05)bcdefgh (0.06£0.01)ef
ST 58 (5.4120.29)bcdefgh (5.59+0.22)def (0.20£0.02)bede (0.19+0.06)abc
JilZ 22 (7.12£0.77)abedef (5.55+0.40)def (0.21£0.05)bed (0.18+0.10)abed
JilZE 27 (8.27+1.95)ab (7.6120.53)b (0.25+0.02)b (0.18+0.03)abed
B 416 (6.26+1.13)bedefg (5.39+0.68)defg (0.16+0.04)cdefgh (0.24+0.02)a
JZ 16 (6.7120.54)bedefg (6.00+0.60)cde (0.20£0.05)bede (0.230.08)ab
Wi 26 (9.94+0.52)a (3.54+0.22)ijk (0.35£0.04)a (0.11£0.04)cdef
KER25 (5.32+0.26)cdefgh (2.54+0.40)jk (0.14£0.03)cdefghi (0.05£0.01)f
Wi 18 (6.25£1.00)bedefg (6.11£0.65)bcde (0.18+0.02)bcdefgh (0.16+0.02)abcde
KR65 (7.25+0.86)abcd (2.48+0.31)k (0.200.05)bcde (0.09+0.03)cdef
JiZZ 19 (6.40+0.80)bcdefg (6.59+0.15)bcd (0.10£0.05)ghi (0.16%0.05)abede
366 (5.87+0.39)bcdefgh (5.3240.86)defgh (0.12£0.01)efghi (0.13%0.02)bedef
%4 23 (7.58+1.41)abc (6.00+0.70)cde (0.230.02)bc (0.15+0.04)abedef
B 665 (6.13%1.49)bcdefg (3.09+0.36)jk (0.1620.01)cdefgh (0.07+0.03)ef
il 15 (9.77+0.72)a (9.32+0.54)a (0.19+0.01)bcdefg (0.18+0.03)abed
JiZ 18 (7.22+1.50)abcde (5.42+0.81)defg (0.20+0.04)bcde (0.14+0.02)bedef
P4 2208 (7.74%1.14)abc (4.07+0.43)fj (0.19£0.05)bedef (0.13+0.00)bedef
W 22 (6.7120.98)bcdefg (7.36£0.55)bc (0.22+0.02)bc (0.23+0.03)ab
#7698 (6.14+0.65)bcdefg (5.47+1.08)defg (0.11£0.04)efjhii (0.1240.01)cdef
FHEFE 1 (5.06+0.75)cdefgh (3.37£0.47)ijk (0.1120.01)fghi (0.08+0.02)def
MEIR 8 (3.86+1.43)gh (4.71£0.47)efghi (0.10+0.00)hi (0.1420.04)abedef
HE a7 (4.47+2.35)defgh (3.950.54)ghijk (0.10£0.03)ghi (0.1320.04)bedef
BE3 5 (5.22+1.09)cdefgh (2.76+0.41)k (0.12+0.04)efghi (0.09+0.03)cdef
k10 5 (3.11:0.32)h (3.05+0.18)jk (0.06+0.01)i (0.06£0.01)ef
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FE 979 (269.67+30.12)ab 260.33+40.81 (3.99+0.58)efghi (2.56+1.06)fgh
85 (234.67+43.90)ab 257.67+42.83 (3.62+0.31)fghi (1.93£0.47)h
1S (399.33+45.18)a 242.00+33.86 (4.02+0.80)efghi (2.74+0.32)efgh
BT 58 (289.33+43.67)ab 285.33+35.98 (4.90£0.37)bcdefgh (5.0620.71)abcde
JEZE 22 (289.00+£36.97)ab 261.67+54.11 (5.46£0.90)bcdefgh (5.0042.22)abede
JiZz 27 (276.33+16.34)ab 267.67+43.70 (6.15%1.29)abcde (5.9120.59)abc
Bk 416 (279.33+37.90)ab 314.00+36.64 (4.23+0.19)cdefghi (6.29+0.38)a
JiZ 16 (299.67+46.68)ab 284.00+37.82 (5.03%0.83)bcdefgh (6.12+1.47)ab
B 26 (272.00+3.51)ab 280.33+46.37 (8.05+0.44)a (3.75+1.32)cdefgh
KR25 (283.33+37.87)ab 254.67+28.61 (4.08+0.90)defghi (2.11£0.12)h
Wi 18 (316.67+47.89)ab 235.67+36.26 (4.99+0.69)bcdefgh (4.77+0.23)abedefg
KRS (300.67+17.15)ab 238.67+£53.65 (6.60+1.23)abed (3.31%1.38)defgh
JiZ 19 (254.67+29.46)ab 249.00+41.67 (5.161.09)bcdefgh (5.15%1.21)abed
B 366 (285.33+46.70)ab 312.00+18.23 (4.35+1.02)cdefghi (4.90+0.39)abedef
%3 23 (276.33+11.17)ab 260.67+37.88 (6.75%0.25)abc (4.70£0.40)abcdefg
B# 66 % (320.00+39.75)ab 239.67+24.66 (4.90+0.81)bcdefgh (2.44£0.68)gh
k15 (276.00+44.86)ab 312.33+6.33 (7.08+0.89)ab (6.82+0.17)a
JiZ 18 (263.00+38.03)ab 276.00+44.51 (5.47+0.89)bcdefgh (4.96+0.78)abede
Fa% 2208 (290.00+40.63)ab 247.00+43.71 (6.08+1.48)abedef (3.42+0.35)defgh
WA 22 (234.00+37.69)ab 288.33+19.22 (5.96%1.25)abedefg (6.65+0.59)a
B 7698 (258.67+22.61)ab 250.00+20.53 (4.24+0.16)cdefghi (3.56+0.57)cdefgh
FEAFLE N (272.33+46.97)ab 319.33+8.95 (3.5041.38)ghi (3.47%0.57)defgh
EERER R (274.67+38.74)ab 274.33433.94 (3.3621.52)hi (4.88+0.64)abcdef
HE 47 (249.00+33.25)ab 281.67+58.90 (3.51£0.56)ghi (3.78+0.45)bcdefgh
B35 (206.67+31.17)b 224.67+18.89 (3.94+0.46)efghi (2.30£0.11)h
Bk 105 (271.67+37.54)ab 294.00+22.01 (2.29+0.28)i (2.40+0.55)gh

(RIS Bl AN [ 7 B2 il Rl ) 22 57 AT G837 78 3L(P<0.05).
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Table 4 Physiological indexes of different wheat cultivars at grain filling stage

. I A K SPAD fH
CK HT CK HT

FE 979 (0.85+0.01)abede (0.750.01)bedef (55.52+2.18)cdefg (51.02+2.14)ijk
85 (0.78+0.03)fghi (0.7120.03)def (53.85+4.40)fg (49.16+0.41)kl
BiE 115 (0.90+0.02)a (0.88+0.00)a (61.38+0.83)a (59.98+0.95)a
&P 58 (0.82+0.05)cdefgh (0.83+0.03)abc (53.46x1.31)fg (53.60+1.17)defghi
JiZ 22 (0.86+0.01)abed (0.78+0.06)abede (54.820.99)defg (51.14+0.67)ghijk
JiZ 27 (0.79+0.01)efghi (0.75%0.02)cdef (58.58+0.90)abcde (57.701.34)abc
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B4 416 (0.86=0.00)abc (0.82+0.03)abc (56.10+1.41)bedef (53.34+1.14)defghij
JiZ 16 (0.81£0.01)cdefgh (0.84+0.04)abc (54.88+0.39)defg (52.54+0.87)fghj
B 26 (0.87+0.02)abc (0.85+0.02)abc (54.961.41)defg (51.30+1.64)ghijk
KFE 25 (0.78+0.02)ghi (0.69+0.04)ef (55.061.06)defg (51.101.00)hijk
Wi 18 (0.86+0.03)abc (0.78+0.01)abcde (56.14+1.71)bedef (53.08+0.82)efghij
KR 65 (0.81£0.01)cdefgh (0.85+0.02)abc (62.32+1.70)a (58.64+0.66)ab
JiZ 19 (0.89+0.01)ab (0.87£0.00)a (59.46+1.51)abc (56.54+1.63)bed
B 366 (0.83+0.03)bcdefg (0.82+0.04)abc (54.94+0.48)defg (54.76£2.20)cdef
K4 23 (0.83+0.02)bcdefg (0.86+0.02)ab (59.78+0.46)ab (57.26+1.73)abc
BF# 66 % (0.86=0.00)abed (0.82+0.03)abc (56.320.99)bedef (55.60+0.35)bedef
flEpk 15 (0.84+0.01)abcdef (0.750.01)cdef (55.54+0.60)cdefg (55.98+0.50)bede
JiZ 18 (0.86=0.03)abc (0.80+0.01)abed (55.16+1.81)defg (51.160.74)ghijk
P 2208 (0.870.01)abce (0.86+0.05)ab (58.66+1.54)abed (57.36+0.90)abc
WAz 22 (0.85+0.00)abcd (0.8420.04)abc (55.80£0.47)bcdef (54.46£0.57)cdefg
B 7698 (0.87+0.01)abc (0.820.02)abc (55.62£0.91)cdefg (54.38+1.04)cdefgh
FMfFE 1 (0.80+0.03)defghi (0.65+0.09)f (48.72+1.41)hi (46.78+1.63)]
ERER R (0.75+0.04)i (0.70£0.08)def (51.54+1.39)gh (50.1620.87)jk
¥k 47 (0.83+0.02)bedefg (0.79+0.02)abcde (52.66+0.80)fgh (55.121.37)cdef
BE 35 (0.82+0.03)cdefgh (0.75+0.03)bcdef (54.52+0.93)efg (51.14+0.47)ghijk
Bik 105 (0.76+0.03)hi (0.68+0.04)ef (47.16%1.66)i (40.86+1.14)m
o PR it/ (umol-g ™) AR i (g g )
CK HT CK HT
Pi4R 979 (3.4%0.2)ab (5.4£0.60)a (5.9+0.3)hijk (6.6+0.6)jkl
85 (2.5+0.3)bed (4.2+0.40)b (5.7£0.7)hijk (7.320.6)fghijk
BE 1S (3.10.5)abc (4.0+0.50)bc (5.5+0.4)ijk (8.5+0.4)cdefghi
B 58 (3.5+0.3)ab (2.5+0.20)ghi (6.20.3)ghijk (6.9+0.7)hijk
JilZz 22 (3.2+0.2)abc (2.3£0.10)i (8.3£0.2)bedef (9.11.8)bedefg
JiZ 27 (2.5+0.4)abed (2.4+0.10)hi (7.3£0.7)efgh (7.240.5)ghijk
Bk 416 (3.1£0.2)abc (3.8+0.40)bc (5.2£0.6)jk (6.720.5)ijkl
JiZ 16 (3.5+0.8)ab (2.6£0.10)fghi (7.8+0.5)cdefg (7.7£0.2)efghij
B 26 (2.3£0.3)cd (3.3£0.20)bedefg (8.8+0.4)abcde (8.720.7)cdffgh
wR25 (1.7+0.1)d (3.6£0.20)bede (7.10.3)efghi (9.9£0.9)abe
Wi 18 (3.20.4)abc (3.3+0.70)cdefgh (6.7+0.6)fghij (5.6£0.3)kl
KR 65 (3.10.6)abc (2.9+0.40)defghi (8.9+0.9)abcde (9.4+0.6)abcde
JiZz 19 (3.5+0.1)ab (3.3+0.10)bedefg (10.6£0.7)a (11.0+£0.4)a
B 366 (3.5+0.8)ab (2.9+0.10)defghi (4.7+0.4)k (4.9+0.2)1
%F 23 (1.7£0.1)d (2.3£0.30)i (7.0+1.1)fghij (9.5+0.7)abcde
B3 66 % (1.8+0.4)d (3.9+0.10)bc (7.4%0.6)defgh (8.5+0.9)cdefghi
e 15 (3.5+0.3)ab (3.9£0.20)bc (7.5+0.3)defgh (9.3£0.6)abede
JiZ 18 (2.3£0.3)cd (3.7+0.05)bed (6.7£0.5)fghij (7.3£0.5)fijk
P 2208 (1.7+0.1)d (3.4+0.03)bedef (7.9+0.9)cdefg (9.2+0.9)absdef
W 22 (3.1£0.2)abc (3.6+0.02)bede (8.5+0.2)bedef (9.5+0.2)abcde
B 7698 (3.1£0.2)abc (3.3+0.03)bedefg (7.20.7)efghi (9.8+0.3)abed
FHEEE1LS (2.60.7)abed (3.5+0.03)bedef (9.6£0.2)abe (8.6£0.7)cdefghi
27 ] (2.3£0.3)cd (3.60.01)bede (6.9£0.6)fghij (7.9£0.7)defghij
W 47 (1.7£0.2)d (2.3£0.01)i (7.220.7)efghi (9.7+0.1)abed
BE3 5 (1.6+0.1)d (2.8+0.03)efghi (9.8+0.3)ab (10.7+0.3)ab
Bk 10 % (3.6+0.1)a (4.1£0.01)be (9.2+1.1)abed (8.5+0.8)cdefjhij

(RIS Bl AN [ 7 B2 il ] ) 22 57 AT G837 78 3L(P<0.05).



5549 T 1)

WA mEEA T /N A BER AR 1Y E US40 BT R A

7

H1% 5 Al A1,
AR P e AL

e SR R AN [R] d A AE L
1 AL Y B (POD) T P 72 Ak i JiE
BUNOAH DL 58, AR 416, JHIZE 18, P4 2208,
A 7698, ik 10 45 ; HAYIEALEF(SOD)E 4
ALREE RN AR 8 5 JHAE 22, Bk 26.

WE 65, gk 1 5. JHEZ 18, Pik 2208, Fik

10 55 SR SR CAT)IE AR IR B N A
L 58, I8 65, WA 23, ik 15 P4k 2208,
Ve 22, 2HEBRR S, BE3 T Bk 10 5. £
ERRAR, BT 2208, Bk 10 Sk
TS PERZ M

*k5 EXRATR/NERMEMELEEEMY
Table 5 Antioxidant enzyme activity of different wheat cultivars at grain filling stage Ulg
e POD {fi % SOD it CAT it
CK HT CK HT CK HT

Pigk 979 (24.07+0.86)cdefg  (18.64+2.00)cdef (310.57+2.71)abed  (353.15+9.75)ab (2035.56+73.27)cdef  (1886.67+76.98)d
L 8%  (21.32+2.61)cdefgh  (11.42+2.42)f (320.23+16.14)abc ~ (332.51+25.01)ab  (2253.33+£69.39)abed  (2088.89+98.31)bed
B 115 (33.22£1.96)b (20.82+4.62)bcdef  (367.24+3.12)a (322.19+£29.55)ab ~ (1851.11£72.86)ef (2564.44+41.02)ab
JEPT 58 (19.07+1.49)defghij (18.78+1.57)cdef (262.74+27.12)abed  (298.12+15.85)ab  (2042.22+75.15)cdef  (1940.00+83.86)cd
JiZ 22 (27.94+2.31)bc (21.39+6.55)bcde (274.20+34.75)abed  (260.93+63.47)b (2273.33+£73.43)abed  (1886.67+30.00)d
JaZ 27 (21.47+2.08)cdefgh  (24.37+1.17)bc (263.23+£52.76)abcd  (347.42+12.34)ab  (2324.44+72.04)abecd  (2566.67+66.78)ab
B 416 (15.22+3.28)hij (15.45+2.13)cdef (234.56+66.16)cd (320.72+£36.25)ab  (2311.11£59.92)abed  (2571.11+67.81)ab
JiZ 16 (21.03+3.45)cdefghi  (23.31+0.51)bcde (293.20+£50.31)abed  (336.94+11.43)ab  (2337.78+50.23)abed  (2624.45+102.87)ab
A 26 (22.15+7.49)cdefgh  (23.35+5.71)bcde (360.20+7.34)ab (336.28+42.12)ab  (2326.67+108.39)abed (2773.33+50.92)a
KR 25 (33.63+2.24)ab (29.12+7.68)ab (192.14+3.21)d (302.05+£62.08)ab  (2400.00+42.86)abc  (2768.67+16.78)a
A 18 (23.87+1.09)cdefg  (14.00+3.34)def (326.45+2.91)abc (270.11+87.07)ab ~ (1793.33+£90.01)f (2628.89+46.40)ab
KR 65 (21.45+2.56)cdefgh  (20.42+2.34)bcdef  (348.08+9.49)abc (359.21+15.28)ab  (2335.56+43.52)abcd  (2241.67+62.67)abed
JiZ 19 (26.06+2.56)bcde (23.32+1.58)bcde (242.75+£34.58)bcd  (336.28+11.64)ab  (2413.33£102.05)abc  (2748.89+34.71)a
2 366 (12.94+1.73)jj (18.58+0.89)cdef (310.07+£31.77)abed  (344.96+12.52)ab  (2015.56+£106.97)def (2366.67+64.06)abcd
%A 23 (17.56+3.92)fghij (29.05+0.76)ab (278.95+44.88)abcd  (368.39+6.35)a (2257.78+100.69)abcd (2311.11+60.85)abed
B4 665 (24.96+3.70)cdef (22.66+2.84)bcde (288.94+33.09)abed  (359.87+8.31)ab (2097.78+143.52)bedef (2257.78+22.83)abed
e 145 (18.81+3.36)defghij (20.05+4.66)bcdef  (333.66+16.64)abc  (336.28+25.92)ab  (2480.00+23.09)ab (2437.78+78.24)abcd
JiZ 18 (16.29+3.32)ghij (16.90+0.65)cdef (294.35+39.57)abed  (288.45+16.84)ab  (2504.44+23.52)a (2322.22+48.30)abed
P4 2208 (19.05+2.79)defghij (19.20+2.17)cdef (318.10+£36.49)abc  (325.47+8.19)ab (2562.22+81.86)a (2504.44+90.14)abc
Tz 22 (26.80+0.77)bcd (17.05+2.55)cdef (357.41+4.54)ab (318.10+45.78)ab  (2548.89+32.05)a (2575.56+£102.51)ab
HF 7698 (12.53+£3.27)j (11.13£1.92)f (281.41+£76.07)abed  (325.47+32.76)ab  (2297.78+96.86)abecd  (2500.00+17.64)abe

FAEEE 1 5(18.4622.82)ef]
HIERL S (18.85+1.70)defghij

W 47
®BE3IS

(19.33+1.03)defghij
(41.43£1.05)a

(23.50+1.89)bed
(24.551.00)be
(13.72:1.87)ef
(36.65+1.66)a

(305.49+35.98)abed
(306.31£20.22)abed
(324.16£16.37)abe
(342.519.94)abc

(332.84+41.62)ab
(335.30£14.75)ab
(319.57+39.68)ab
(323.51%35.54)ab

(1353.33+45.92)g
(2542.22416.02)a

(2226.66=45.21)abed
(2497.78+64.56)abe

(2215.56+77.87)abede (2471.11481.32)abe
(2222.22+35.40)abede (2142.22£59.09)bed

VB A [ - BE IR A A A] (1) 22 5 A GE 27 7 (P<0.05).

2.2 BUUEMRHMEERRKAEXSH
XPE R 11 TSR TAHDCHE T, Wbt
45 6)FI A, Pn 5 Gs, Tr W BEIEMHRE, 5

5 MDA B EEHAMR; Ci 5 Tr 2R EEMHR;

MDA B ZE K, Gs 5 Tr 24U F IEAE,

*6 BEIUERHIEXAK

Table 6 Correlation coefficient of every single index

Tr 5 MDA B BZF A, nIIL, S8R Emi
P i e ST &

s HHIEREL
Pn Gs Ci Tr L SPAD f MDA f# PRO &h: CAT itk SOD itk
Gs 0.732"
Ci 0.314 0.245
Tr 0.804™  0.862"  0.462°
L 0.051 0.095 -0.306 0.020
SPAD {H 0.316 0.303 -0.104 0.273 0.269
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s AHRZREL
Pn Gs Ci Tr L SPAD f MDA f# PRO &ht CAT itk SOD itk
MDA #& -0.515" —0425°  —0.123 -0.507"  -0.316 —0.127
PRO &&  -0.032 -0.107 —0.088 -0.194 0.138 0.296 0.316
CAT Iit:  0.024 —0.041 0.228 0.089 -0.286 0.154 —0.049 -0.163
SOD iftE  —0.063 0.150 -0.051 0.048 0.072 0.010 0.155 0.229 -0.026
POD &t 0.042 0.134 0.262 0.240 0.249 0.136 -0.097 —0.148 0.040 0.371

ok S RAH M 35 (P<0.05) . B .2 (P<0.01),

23 ERDHMKREBES N
Xt 1A ISR T AR BT 08 o #r,

ZERER TARW, 11 ASFRIHR bR Al e 5 ASHTY
FHEARSE R ZE GRS, B SRS 1 255 5 T

®T7 BUUBTRRERBHER ST T ER

Table 7 Principle component anthesis on different heat-stress resistance indexes

— COWEY e - COTEY e
T br Eitun
cIl CI2 C13 Cl4 CI5 CIl CI2 C13 Cl4 CI5

Pn 0474  0.007 -0.127 0205 -0.139 || PRO & -0.112 0408 0167 0559 —0.155
Gs 0475  0.079  0.003  0.091 -0226 || CAT & 0.062 —0339 0229 0205  0.698
Ci 0244 0386 0337  0.055 -0.123 || SOD &tk 0016 0292 0602 -0.101 —0.194
Tr 0.519 —0.060 0.049  0.049 —0.124 || POD i&f* 0.163  0.153 0518 -0.470  0.207
L 0.078  0.558 —0.200 -0.336  0.186 || FFAE(H 3.334 1.787 1.426 1.262 1.052
SPAD fH 0204 0373  0.005 0398 0493 || BIEEE/% 30311 16246 12966 11473  9.595
MDA & —0360 —0.007 0342 0294 —0.172 || BBTTEE/% 30311 46.557  59.523  70.996  80.561

J¥(CIL, CI2, CI3., Cl4. CI5), H:.oimk=xon 5N
30.311%. 16.246%. 12.966%. 11.473%. 9.595%,
SBTTHR IR 80.561%. FIFH 5 DLEEFREFRA K
(1 26 A/INZZ AR THL R R 2R G PP
A G) B S AL G bR X R SR8
PRAIE . 45558 REUE AT 5T LA 5 A 32 A A
(EFEHATINARL, ATF3H 26 AN/ SRR RO IR LR
BTN GIRGR 8). KHE D EHAY K/, RH]
RAITHERT 26 AN RTS8, AREERR

FEESE DR 26 AN/ GBI 3 25, MR
mAAE 44, SRERAR 416, FREZ 366, LFEEE
Fo8. 3 47; thHiEEARME 10 4, e
WA 23 WA 115 1R 1S JRIEE 19, J8EE 27,
A2 7698, KEPL S8, JAIZZ 16, Wi 22, Filifid
15 RPTEIRI A 124, 20 FAk 979,
KR 25. BE 665, Pk 2208, A 18, it
8 5. JHZ 22, i 26, HiE 18, KR 65, &
F3%5. ik 105,

*8 AR/NERMSEENILESIFNER

Table 8 Comprehensive evaluation results of heat-stress resistance of different wheat cultivars
e SEEE SR I R AT

CIl CR2 CI3 Cl4 CI5 Ul U2 U3 U4 U5 (D)
P4k 979 -1.804 -0.680 —0.054 —0.045 -1264 0226 0471 0425 0465 0.173 0.335
i s & 2238 -0.534 0781 0903 -1.509  0.153 0494 0268  0.669  0.112 0.309
w1 0983  0.093 —0.68 2446 1353 0365 0596 0288  1.000  0.830 0.545
S 58 1.704 1504 0976 -0.444 0316  0.820  0.824 0225 0379  0.570 0.633
Ji# 22 0.017 0384 -1.793 0472 -1.108  0.534 0518 0049 0373 0212 0.392
2 27 0.811 0481 0451 -0815  0.639 0.669  0.659  0.534 0300  0.651 0.590
Bk 416 2394 0374 1511 0477 -1.179 0937  0.641 0763 0577  0.194 0.710
JiZ 16 2021 0485 -0315 -1380 0405 0873  0.659 0368  0.178  0.592 0.617
Wi 26 2503 -0.622 0318 -1.361 1302  0.108 0480 0368  0.182 0817 0.320
wR25 -3.142 0287 2609 0974 —0.789  0.000  0.627  1.000  0.684  0.292 0.420
WA 18 0.458 2276 -2.019 0311 1502  0.609 0212  0.000 0542  0.867 0.452
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CIl Ccn CI3 Cl4 CI5 Ul U2 U3 U4 us (D)
KR 65 2266  1.134 -1526 2210 0563  0.148  0.764  0.107  0.000  0.632 0.302
J&Z 19 1.831 0921 -0.092 -0.407 0478 0841 0730 0416 0387 0370 0.630
A 366 2465 0107 0968 -1.038 1.159 0949 0598  0.645 0252  0.781 0.710
%3 23 0315 2590 1721 -1365 0427 0478  1.000 0.808  0.182  0.598 0.609
%3 665 —2.642 0909  0.857 0452 0504 0.085 0728  0.621 0572  0.617 0.433
ik 15 0.898 0323 —0.148  1.088  0.014 0.684  0.633 0404 0708  0.494 0.609
JAZ 18 -0.686 —0.626 —0.137 -0.483 —0.883 0416 0479 0407 0371 0269 0.403
P 2208 -1.909 0836  0.120  0.034 0235 0209 0716 0462 0482  0.549 0.431
B 22 1350  0.072 -1.855 0762 0279  0.760 0592  0.035 0.638  0.420 0.552
K 7698 0589  0.570  0.193  1.003 -0.149  0.631  0.673 0478  0.690  0.453 0.602
FEHEF 1S 059 3586 2263 0171 2031 0632  0.000 0925 0512  1.000 0.578
EERER 2769 0422 0708 0341 —1.001  1.000  0.649  0.589  0.548  0.239 0.708
A 47 1.408  1.081 —0.578 2390 0585 0770  0.756 0311 0988  0.637 0.709
BEE35 —2.040 -0363 -0.498 —0.099 0443  0.186 0522 0329 0453 0379 0.338
k10 5 1215 -3.114 0377 -1232 -1954 0737 0.076 0518 0210  0.000 0.406

2.4 BERMEXNETRRER=BHHM FEDL 58 K22 366, = HHRNL 8, JH2 22, AR 416,
W 9 LIt 26 BRI e 7608, P12 20 FIAAAL TS R 3, A 27 i
#z9 ATRNERMIERREIELN
Table 9 Yield and thermal indexes of different wheat cultivars
il A PR/ hm) St S, K ACY% AL BifEgg
CK HT CK HT

WE25 (39.92+0.93)f  (31.12+0.00)i" (6.32+0.01)ef (4.77£0.07)ef™ 479 228  S/S 780  56.9 S
P 979 (46.74+0.34)bc  (41.53£0.19)e”™  (6.45+0.11)e (5.50£0.20)¢" 242 136 S/S 889  86.5 LR
bt 8 %5 (42.92+1.47)de  (40.17+1.00)ef  (6.04+0.06)g (4.93+£0.03)ef”™ 139 171 S/S 93.6  88.1 LR
W15 (42.91£0.65)e  (41.76+0.65)e (4.80£0.15)h (4.47+0.14)¢™ 058 063 R/R 973 952 MR
J&Z 19 (40.64+0.29)ef  (40.13+0.53)ef  (4.020.03)i (3.72£0.08)g" 027 069 R/R 98.8 929 MR
#E 66 5 (44.93+0.44)cd  (43.4240.12)cd”  (4.35+0.01)hi (3.28+0.08)¢"™ 073 229 R/S 96.6 983 MR
Pk 2208 (42.10£027)e  (41.95+0.71)e (7.86£0.04)cd  (6.74£0.09)d™ 008 132 R/S 99.6 979 MR
i 7698 (47.69+0.57)b  (45.00+1.12)bc  (4.75+0.08)h (4.97£0.06)ef 122 —043 SR 944 995 MR
ik 105 (43.80£0.47)de  (41.26+0.18)e™  (2.38+0.06)k (2.120.04)i" 126 1.03 S/S 942  91.1 MR
JiZ 16 (47.24+134)b  (47.07+0.06)b (9.21£0.16)a (8.28£0.12)b"  0.08 094 R/R 99.6  109.9 HR
&t 58 (46.73£1.00)bc  (45.57+1.72)bc  (5.45+0.05)g (5.50£0.21)e 0.54 -0.08 R/R 97.5 104.2 HR
A 366 (44.59+2.20)cd  (44.48+0.46)cd  (5.58+0.15)g (5.30£0.29)e 0.05 046 R/R 99.8  104.0 HR
LEIER (51.37+1.22)a  (51.33+0.84)a (4.88+0.17)h (4.75£0.09)ef 002 024 R/R 99.9 1202 HR
wR6E (47.80£0.23)b  (41.62+0.40)e”  (7.87+0.15)cd  (5.73£0.52)¢™ 6.10 332 S/S 87.1 728 LR
JiZ 18 (49.14+0.43)ab  (49.07+0.28)ab  (9.65+0.30)a (7.8320.14)bc™  0.07 230 R/S 99.9 812 LR
JilZ 22 (50.73+0.20)a  (48.35£1.65)ab  (6.78+0.30)e (6.46£0.17)d 221 058 SR 953 953 MR
B4 416 (49.37+0.70)ab  (47.91£1.15)ab  (8.44£0.17)bc  (8.242£0.37)b 140 029 SR 970  97.6 MR
Wi 26 (41.15£0.62)ef  (43.88+1.06)cd  (8.82+0.31)b (8.01£043)bc -3.12  1.12 R/S 106.6  90.9 HR
Wi 18 (40.50£0.87)ef  (36.39£1.14)gh”  (6.62+0.04)¢ (6.22+0.20)de” 479  0.73 SR 890.8  94.0 MR
FMEHEE 15 (47.8120.61)b  (44.72+1.80)bcd”  (6.66+0.13)e (6.25£0.39)de  3.05 076 SR 935 938 MR
®BE3I S (30.23+1.30)h  (30.25+0.37)j (3.42£0.21)ij (3.01£0.43)gh —0.04 148 R/S 100.1  87.9 MR
J8ZE 27 (44.75£0.79)cd  (45.41£1.03)bc  (8.16£0.33)bed  (7.84£0.34)bc —0.70 047 R/R 1015  96.1 HR
2 23 (38.70£0.43)fg  (38.92+0.08)fg  (7.55+0.24)d (737£0.29)c  —028 029 R/R 100.6  97.7 HR
ik 1 % (42.27£0.79)e  (43.29£0.47)cd  (10.07+0.08)a (9.25+0.31)a" —1.13 099 R/R 102.4 919 HR
WA 22 (50.57+0.05)a  (49.38+0.72)ab  (8.31£0.22)bc  (8.32+0.48)b 111 —-001 SR 97.7 100.1 HR
W 47 (44.26£0.77)cd  (45.85£1.97)bc  (8.62+0.25)b (8.16£0.96)b —1.70  0.65 R/R 103.6 947 HR

RRPL; S/ LR/REHE; MR/RHHL; HR/REHL; Sy /m/=mHVEFEEG SoR TR R MVEIEEG ACTH /R TR RPN REG Alyn TRLT
ORISR PSR A R 7 RE R AR ] A 22 G GE 2478 L(P<0.05); # ok * /0BIR ] — SRR Rl AL B AY 25 A 41127 8 X (P<0.05. P<0.01),
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23, PEF 22, BLE 4T ERIRMNA ST R RAR
BRI ., Hobd & 11 5 22 19, i 16,
P 58 KBAZ 366, 2 HAER 8. Ji A 27, %A 23,
Ve 15, B 47 9Tk B RUESFE B0 = A
AN 1, SR RERGR ., AT
BT BT R BRI P R B T ER A T, A
16, S&YL 58, A 366, EHMER 8, Tk 22 T
BTN REORT 90%, TR TPV SR T
100%; #i& 26, JAF 27, #5423, flik 15, 3
F 47 W TR BT EPT RBOCT 100%, TR EST
WK T 90%. Hutnl%, J&Z& 16, B&hL 58.
HF 366, LHIER 8, BEE 22, BiF 26 JHZZ 27,
EH 23, ik 1 5 BE 47 BT EbiEiEAE R
PEA 979, bt 8 45| IR 6 5. JHIZEZ 18 (TR
L RBE TR BB TE AT 80%~90%Z [H],
JE AR IR A S 385 2 S TR L R
BORT- R TR B/ N T 80%, & T il SRk
RIS A . ATFIETEZ 11, 82 19, B3 66 5.
Pk 2208, KAz 7698, Sk 1045, JiZ 22, B4k
416, B 18, FHEfr# 15, %E 3SR TP
RN

3 HFR5Te

FERRNA S ST, NSt 2R A
PRA b I R TR P RBE LIGE B AR, B —
FEMPTERILE . A, ZZE&MPTE R
Hera . Jehtats . MEILEmag . S8k
SUBHE TS 11 AR, 456 ERUr o pras R,
¥ 1L AERREE N 5 ASH A B ST LA TR,
FRAEIX 5 AN LRGP R I ZR G A D WA/ NAZ
rn AP TP R BLE AT . TR A 416, KD
366, LHIER ., A 47 NEPUEIRALNE
Fhy 983 23, B 115, k15, J8Z 19, 4
27, #BAZ 7698 b 58, WA 16, B 22, F
TEAEAZ 1555 10 DA oAby Pk 979,
WER 25, B3 665, P 2208, FZZ 18, dtat
8 5. JAIZZ 22, Wi 26, Wi 18, KR 6. &
F 35 Bk 10 55 12 S EBTE R, X
o A LR R 1) 52 2% 2N SR /N 22 T e i AT B P — 348
OF, TRELM /N RERL T R BRA M)
PRINTE A 22 TR R IR BURG R, AR

KIEIRINA TR 22 PimiRrEsas, Xalaks
YERIIR A RIREE A K

BRI, SNRIRBERH R & B
HEEAER, HERIMER RSN FR
eR et L W 4 R ST e
INEIEEE TN o 5Nl N B ULE (=2 G E AR LYV )
VE R AR/ NZE SR P B FE A o ASHIESE RIS
FI TR0 i BT R ECRI 030 48 BOR PEAN /N A2
IR . K 26 /N Ak 4 25 R
16, BBHL 58, FRAZ 366, 2HEER 8. T 22, Hr
F26, AE 27, E 23 Eik 15, BHEWTET
EPtEIRB N RN BT 11, % 19, B 66
TR 2208, FREE 7698, Huk 10 5. JHAE 22,
BAc 416, B 18, FHlfFE 15, BEISRT
LR RN A Pk 979, dbat 8 . KR
6 5 JAZZ 18 By TR i pad R A e TR BT i hiiss
FEELLE 80%~90%Z 1], J& TR/ N St il 5
165 2 SHPLSTRBCRBT REUY/INT 80%, BT
e T AU

RAE D (HM /A5 R SRS TR i his
FREPT R BN 73 KRG IRAFAE A — B, & 2
PO RLEA 0T, FBEE 366, BRI 8, 3k 47
J& T bt B/ N Al B 11, A2 19, %8
7 7698, FHEfEE 1 SR T hPUERENE SF
Pigk 979, R 6 5. Lt 8 SE TP RN
A2 il

S 30K :

[1] /S35, Am7eE, SEM, & EXEERSTEX
INZERPRLTE R B UM D SE PR SR I e [0]. 22284
YIEAR, 2020, 40(5): 517-525.

21 fUME, INETE, BEEE, % MR X/NE FHES
F(R) T ARBTELEET]. ZXAEY2ER, 2015, 35(2):
274-284.

B3] B, FnR, AHEE, % SR NZELE
MU FEHLHID]. B EE SR IR RS |,
2022, 30(3): 399-408.

[4] AE, BAME, KRR, EE mIEX RN i
R BOFPRLE R & B SC R R sE e [J]. AR AR
#%, 2011, 35(7): 769-778

[5] BR&ME, Dok, B, % RRETEEANE §#b
HAE TR B SRR R[], 222 EY
24, 2017, 37(12): 1596-1603.

[6] /ey, TR, SRWM, & EXmHsEmT2



5549 T 1)

WA mERNE T /N AR PR AR B9 O o0 M 2R T 11

[13]

[14]

[16]

[17]

3068 /N2 AR B 1 5 R R DG SR G 1 14 5
W[T]). AR, 2014, 34(13): 3612-3619.
R, AL, SKIEBE, S RERImEIRXT A /NE
VEMPRL R B HISEIR[I]. 22 2BAEY)#4R, 2015, 35(10):
1395-1402.

WANG Z B, LIW H, QI J C, et al. Starch accumulation,
activities of key enzyme and gene expression in starch
synthesis of wheat endosperm with different starch
contents[J]. Journal of Food Science and Technology,
2014, 51(3): 419-429.

TR, TRk, bRl 4 MR TN D
AT S A2 ], T RHXAOE,
2018, 36(2): 113-117.

SR, AR, OSSR OR[E/INE SRR
W RN ZE SR T]. R, 2018, 38(11):
1365-1373.

ZRAE, F5, K81, S ARV SR T SR
Wl L 2R A AT [I]. A2 2RI, 2018, 38(1):65-73.
R R, B, SE BRI DONERFAES
Br Be HMSTE S8 hR A TR RE (D). P AR, 2021,
54(16): 3381-3393.

BKIGEm, sk A, oril, A by AZ XS EEL
AL RN SR ()T FAPEITA (D). 2 RVEY 4k,
2016, 36(2): 172-181.

INEF, s, Bdte, S SR T RS RIER Sy
B L ZR 48 DX/ INAE R (R B 28 53 F 0 (0], LR
MR (A ABRARR), 2014, 45(4): 545-551.
REHMAN A, HABIBI, AHMAD N, etal. Screening
wheat germplasm for heat tolerance at terminal growth
stage[J]. Plant Omics Journal, 2009, 2(1): 9-19.
BORBE, THRIC, KB, 5 NE RSB
SANTFI B B R EA A ], AR AR AR SAAR, 2005,
29(3): 361-366.

PR, LW, HER, 48 MA/NEFE MK
AR F ST T EAHTRELE AN ], ILARAO
BlE, 2014, 46(7): 25-30.

[18]

[19]

[20]

[21]

[22]

[25]

[26]

[27]

[28]

ey, (s, st R, AE R ERIEMEE X/
AREIAEVER S R[], ZRAEY A4, 2015,
35(6): 867-872.

PRI R A PR S EOR M), PR SR
JikL:, 2006.

KER. YRR M) 2 Jiat: &5
YA RRAE, 1990: 259-261.

RS, R, ML, & DEIRARTRER
TEPRI) TR 0 A SR PPN (0] AR R
2008, 41(12): 4264-4272.

AL, K5, i, S MOTEANE BRI AR
o3 B AL T & A2 IX/IN A AR (], AR~ ik,
2010, 36(9): 1538-1546.

Wractly, ke, XA, 5. /NN BTRIRAY
YRR WAL EEE, 2017, 21(4): 64-69.
DEGEN G E, ORR D J, CARMO-SILVA E.
Heat-induced changes in the abundance of wheat Rubisco
activase isoforms[J]. The New Phytologist,2021,229(3):
1298-1311.

BATEHE, ERM, SR, 4. BERMERRAT X
INAERESRARS VRS IAT). TR AR KB, 2008,
42(6): 597-601.

CORREIAPM P, DASILVAAB, ROITSCHT, etal.
Photoprotection and optimization of sucrose usage
contribute to faster recovery of photosynthesis after water
deficit at high temperatures in wheat[J].
Plantarum, 2021, 172(2): 615-628.
BUKAS, TR, BATERE, SF BOIE DXO/NE TR
R SRR AR IC R [0]. RS, 2018, 44(2) -
260-267.

BOKE, TR, Baesd, & ERIERE TS
TR IR/ N T T A A E B PE A SE MR [T]. AR
2FHR, 2022, 36(9): 1878-1886.

Physiologia

FAEREE: 2R
R E



