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Physiological Response to High Temperature and Heat Tolerance
Evaluation of Different Grape Cultivars
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MAOQO Liang”®, LIU Yongxiang', JIANG Jianfu'"
(1 Turpan Research Institute of Agricultural Sciences, Xinjiang Academy of Agricultural Sciences, Turpan, Xinjiang 838000,
China; 2 College of Agronomy, Shihezi University, Shihezi, Xinjiang 832000, China; 3 Xinjiang Turpan Agriciultural
Technology Promotion Center, Turpan, Xinjiang 838000, China; 4 Zhengzhou Fruit Research Institute, Chinese Academy of

Agricultural Sciences, Zhengzhou 450009, China)

Abstract: The 19 tested cultivars were selected from the grape germplasm resources pool of Turpan Re-
search Institute of Xinjiang Academy of Agricultural Sciences. We determined 12 physiological indexes,
such as gas exchange parameters, chlorophyll content, antioxidant enzyme activities and proline content,
in grape leaves under field condition during the middle period of local natural high temperature (July, Daily
maximum air temperature>35 C). We furtherly evaluated the heat tolerance of different varieties by fuzzy

membership function analysis and optimal segmentation clustering of ordered samples. Investigated physio-
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logical response to high temperature and evaluated heat tolerance of different grape cultivars, which would
provide a theoretical basis for taking appropriate cultivation managements to reduce the impact of high tem-
perature and breeding of high temperature tolerance grape varieties. The results showed that: (1) in the
natural high temperature condition, the 19 tested grape varieties responded differently to high tempera-
ture. ‘Red Globe’, ‘Fujiminori’ , ‘Beta’ and ‘Hetianhuang’ had strong heat tolerance, while ‘Thomp-
son Seedless”, ‘Hongqi Tezaomeigui’ , °Shuijing Wuhe’, *Victoria’ , ‘Yatomi Rosa’ and ‘Crimson
Seedless” had weak heat tolerance. (2) Among the 12 physiological indexes, malondialdehyde content and
antioxidant enzyme activities were mostly different in various grape varieties. The strong heat tolerance
grape cultivar ‘Red Globe’ and ‘Fujiminori” had relatively lower malondialdehyde content, ‘Beta’ and
‘Hetianhuang’ had relatively higher malondialdehyde content, but they hadhigher activities of antioxidant
enzymes. (3) The result of fuzzy membership function analysis showed that the cumulative membership
value(AR) of each physiological index is consistent with the apparent heat resistance performance, which

AR can be a potential index to evaluate the heat tolerance of grape varieties. Further cluster analysis classi-

fied the tested cultivars as strong, medium and weak.

huang’ had stronger heat tolerance.

‘Red Globe’, ‘Fujiminori’, Beta and ‘Hetian-

Key words: grape; physiological index; high temperature response; heat tolerance
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Table 1 Test grape cultivars and parental origins

i ah b Fir-pk A
No. Cultivar Species Parental origin (Female X Male)
1 Jo#% H Thompson Seedless R A V. wini fera FEAR AR Unknown

2 Jo#% H A0 Centennial Seedless BV F V. vini fera

3 I L Hongqi Tezaomeigui BRI Ff V. vini fera
4 HIH % Hetianhuang BRI Fh V. wini fera
5 KA Munage

6 JK fib Je#% Shuijing Wuhe

RV AP V. vini fera
BRIV FF V. vini fera
7 E B3 Jumeigui
8 [ % Kyoho

9 ’EWF Cardinal BRIV b V. vini fera
10 ZI Bk Red Globe R Fh V. wvini fera
11 4 M Jintian Meigui
12 AL 4% Rizamat

13 2% N 48 Manicure finger

BRE b V. vini fera
BRI A V. wini fera
R Ff V. vini fera
BRI Fh V. vini fera
FREFh V. vini fera

14 4k % F| V. Victoria
15 K E % Y5 Yatomi Rosa
16 HeFe Fujiminori

17 wH £ JC# Crimson Seedless B A V. vini fera

18 4 H % Jintianmi BRIV Fh V. vini fera

19 N1 ik Beta

RRIEZFh V. vini fera X V. labrusca

R 2E4Fh V. vini fera X V. labrusca

RRSEZFD V. vini fera X V. labrusca

FWZ=Fp V. riparis X V. labrusca

Gold X Q25-6

B B RR 2E 7% Muscat Bud mutation

FEAANTE Unknown

SEAARTE Unknown

% b & )5 X KR4 Queen of Vineyard X Delight
W PHECEL X EL % Shenyang Meigui X Kyoho

1 JE A X ZE M JE Ishiharawase X Centennial

B L4 % X Bt o /R Flame Tokay X Ribier

C12-80 X S45-48

BT X 2L M1 3k Muscat Hamburg X Red Globe

" H XK1 4 KaTTa Kypraw X Ilapker

HeJe Al X ELHLA Younikun X Baladi

Y2l X IR ANZR Cardinal X Bolgar

2 AR Unknown

1% (F1)1] 682) X S8 Hongmi X Pione

3% X C33-199 Emperor X C33-199

9603 CHLFL I f X 21 B X 9411 (RUEL 51 X 2B Fk)
9603 ( Rizamat X Hongshuangwei) X 9411 ( Fenghuang
No. 51 X Zizhenzhu)

Il 4 %5 Carver X BT[] Carver X Concord

R SR —F B S 55 5 DI RE I J Al (] 5K
LT el R~

1.2.3 XE5&ZHESH K5 T 2017~2018 #
SLPAEAE L B 3 R h B (7 D) HEAT O A R D
SE o B it A A AL 8 HCRC B — 2 | OGS B A A
5 Ih g, R A LI1-6400 B {8 48 2 % & 4L (Li-
COR, EED) MECEHE (P T FE (GO
] CO, Mz (Co) 22 M 38 (T,) SF 48 45, B4~ dh
MWE 3 i, EE 3 W, tEFHEEHEN 1800
pmol s m * « s ', ZE CO, ¥ H (360+£20)
pmol « L™ MR K (254+0.5) C, MEHK
I B JC K 0 S B Be Sy 13200 ~ 16200, 1 8] °F- 1 1
BEA 41,20 C L AHXFRE R 36.30%

1.2.4 MFHEEE KB T 2017~2018 FELLWE
eSS R P B (7 AR TYS B rhgt
E A 7 2 A i, DL SPAD fH KRR . B
st 328 SO 3 — B0 PO B BT RS 2 5 R T Re
W5 I i i G Z A S s () 8503 B S Al 5 5
WLHERE 3, W E AT B 11:00~13:00, -2 &
1 38.01 C, P XM X R 35.31% .

1.2.5 HmFE&£EEER BT 20174 7H 14 H,
11:00~13:00 FE47 2R AL Y AfSF ¥ 35, 66 C,
AHXTR B K 36. 66 0. FMOHRSEE 5 B DBt i T
RS RS AN I 3 it R RE S BCE T ORI
FE T, VK 36 A PSR IR E . 7 2 A PRI
WA A1 0g B E H (g) ¢+ A (mL) =
1 9RY R, 43k 9. 0 mL (94 BEL K . & T 0F
o i A TR VKK YR ST HLARAE S A2
KEIA 10 mL g0 8 i, KoK s 1 ## & 15 min,
3500 r e+ min ',4 CE L 10 min, B W AEM .
Horp, Il 2082 (Pro) & £ 5% JH Il 22 B2 ) 22 1K 70) & (1
)M E s R BCA 5 1 8 &30 & i 2 1 vk
JEE o 2R FH 7 AR Ab ) 5 Ak Tl 0 S R B L €835 T
SOD ¥ ¥ , 5% i S0 A P i I s 3870 8 CEE e 3) U
AE POD I M, R FH i 4804k 0w I o k70 & (b 20
Wiz CAT W61, R FH B0 IR Il R 2 40k 90 il 0 5 3
Flé () Mg APX ik, R TBA N
I 30 & CHe e ) Wl MDA & &,
1.3 T4

R PSR S Ja pR AR S AN [l i Ao 4 2 A 2



1078 odt O % il 39 &

EARBEAT 0T o 0 B0 BRI bR SR T (L 23X F

. Xi 7Xmm

R(X) = X — X, (D
o o X{7Xmin

R(X) =1 X —X.. (2)

AR = > X, 3
i=1

AP X & T8 AR D A X B X 53 51 K
ST AR 0 B KAE R /ME . WER B — 48R PER 5
TR AP 5 TR G, )3 2% = (1) o B2 6 A0 5G]
AR AR BEHET BIMAAK (), 45
B BT AT PR PR
1.4 B

X 56 A R AT 25 3 B LA LSD ik £
F A A 2 5 . 250 5 F DPS 7. 05 A1 SPSS 19. 0
AT A OGS AT FI R 3 T

2 RS0

2.1 RS EPEBETAHNE

2017~ 2018 4 % S 9 A1 W 0 S5 55 1 X 75y it
(6~8 AR E, AR E TR B( A,
Hop,2017 48 7 HEHEEE R 33.15 CL,EYHE
Hoh 40.60 C. il BN 45,20 C;52017 4E 7 H
KA H RO IR E 35 C L ERAKA 30 d.F54:
35 CULERAR KL 29 d, Hi 40 CLL KRR A 18
d 3% 40 CRLERA 15 d(E 1), 2018 4E 7 A
PR Ry 34. 23 C,F3 H &R 41,19 C L iR
JER 45.61 C;2018 4F 7 A& HF & H & iR EY
T35 CLHiA 40 CLERSA 20 d(E 1),
2.2 BRETARSMEEMHAFNRETH

HER 2 Al FEnE B AR m IR AT 4L
HUER AR ARG CORGRE | L T4 A

501 —0—2017

W E
o
i
s

Temperature/'C
B
S

w2
D

o
S

TG W i R REIR A 5 R i e 38 B [ R Y
PEREAR . Horh O B DR
AR, M COK MO A H B A
R RRLRA O AT R BB M A A i
N IS AW £ SR E R R/ ' W
B VRO NAR R AR T A
FE: N1 A S I A T U o 0 B S N e
R B R E CER L SR AR O e
G E MG, LA RO UKL RN
187 HERS L HEZ R R TR R R R
DI R BB k. B L RLER W, B
FI7 LK BB TORE " L 20 A P BB 5 I R 4R
A A A U Ay v R AR R S R 2r R L BLHL
ThE L TOA A T A5 Ay T T A2
2.3 BRETARRMEAELESELTHRSHMILE
A A 2 4 2 7= R B S A 5 o Al
RUSILFE JE CO, e 751 i R4 K 1% )
MK, MR EFAREERSLG T 19 4
A SRR E O G R (P LY ER B
(18.53 pmol » m ™ « s '), “KEH I H ML (11. 13
pmol « m % o s '), Hitp i “ R E BV B EART
CREFR LT HbEBR AR SRR AN (P<C0. 01) , HoAth i il ]
P, 229 AREE(P>0.05), &#%4MHMHSAS
BEGOPL 4 M f 5 (0. 42 mol » m™? » s71),
KBTI B K (0. 19 mol e m™? + s, HER ‘4
MG, M 3508 T KA e A e R
SRR RN (P<C0. 01, Hoflh 5 Al E] G, 22 5% R 3.
KA SRR R CO, ¥R BE (CO VL B F G0
B (229. 00 pmol « mol ™), Tk 17 F A (125. 60
pmol « mol ') I B F AL F H A 18 A4~ & Fl (P <<
0.05), &M FE A BEMLT AL (P<

—-2018

SR P S S S S
— N N T v O > X — NN T O~ WD —
SIIIIIIIIITIITITITTSTIOTITIT g aqgqaqda g
[ S S S T T S S S S S S i [ S S S S S S S S S S S S S S
S oo oo oo ocococ oo oo S O oo oo o0 o oo oo oo oo oo

U TR S SN TR T T T S S T
@o—(\lmvm\cl\wog

H 1§} Date/(Month-Day)

1 2017 A1 2018 4F 7 H {3y nk & F 4 H s Ul A A2 1L 0l

Fig.1 Daily maximum air temperature in July of 2017 and 2018 in Turpan
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Table 2 The leaf morphology of different grape cultivars under high temperature condition
%5 No. fmFh Cultivar i {4 Color IR Status %% Leaf margin B A Spot
1 Jo#% 1 Thompson Seedless # 4k Yellow-green H il Curl FHh Withered J¢ None
2 To#% 2.0 Centennial Seedless 23 {5, Green SE-#% Smooth 1E % Normal JG None
3 21 LB Hongqi Tezaomeigui 4 Yellow-green Hll Curl Tt Withered J& None
4 FH# Hetianhuang B 4% Bottle-green V-#% Smooth FHh Withered J¢ None
5 K% Munage 2 (8 Green SF-#% Smooth 1E % Normal J& None
6 JK fh Jo#% Shuijing Wuhe B 4% Bottle-green SF-#% Smooth T# Withered J¢ None
7 E ¥ Jumeigui W4 Yellow-green SF-#% Smooth 1E % Normal J& None
8 F I Kyoho 23 {5, Green SF-#% Smooth 1E % Normal J& None
9 EHfs Cardinal 235, Green SE#% Smooth T4 Withered A Had
10 2T H 3K Red Globe 2440, Green 3% Smooth 1F % Normal J¢ None
11 4 H B Jintian Meigui B4 Bottle-green SF-#% Smooth 1E % Normal J& None
12 B H D4 Rizamat 23 (%, Green SF-#% Smooth 1F# Normal J& None
13 % A1% Manicure finger 2440 Green SE-# Smooth FHh Withered J& None
14 4 Z F|TF Victoria 44, Green F-# Smooth T4 Withered J None
15 9w B35 Yatomi Rosa 2440 Green -3 Smooth 1F % Normal A Had
16 HeFe Fujiminori 2440 Green SFE-# Smooth T# Withered J& None
17 VLR R CHE Crimson Seedless Z¢ {0, Green % Smooth T H Withered T None
18 4> % Jintianmi 20, Green -3 Smooth FHh Withered JC None
19 D13k Beta #4¢k Yellow-green -3 Smooth 1E% Normal J None
*x3 EENRETARSZWERMNH P..G..C M T,
Table 3 The P,, G,, C;, and T, in leaves of different grape cultivars under high temperature condition

45 No. S A Cultivar P, G. C T,
1 Jo# 1 Thompson Seedless 12.834+1.10bcAB 0.327+0.17abcAB 125.60+53. 10cB 12. 0142, 87abcdABCD
2 Jo#% A 0> Centennial Seedless 16.27+4. 65abAB 0.30%£0. 10abcAB 229.00%34. 77aA 10. 60£2. 56bcde ABCD
3 21 i B BB Hongqi Tezaomeigui 14.70+3. 42abcAB  0.20+0. 04cB 200. 67+12. 66abA 9. 3141, 73cdeBCD
4 1M % Hetianhuang 17.3340. 06abAB 0.29+0.07abcAB 211.33+£26. 35abA 12. 78+ 2. 68abcABC
5 KK Munage 15. 77+ 1. 36abcAB 0.227+0.09bcAB 186. 67+ 36. 30abAB 9.3142. 94cdeBCD
6 JK #h & #% Shuijing Wuhe 13.6742.90abcAB 0.19+0.09¢B 192. 33428. 38abA 6.3942.67eD
7 E B P Jumeigui 13. 904 3. 68abcAB 0.25%+0.13bcAB 221.67+14. 84abA 10. 234 3. 62bcde ABCD
8 F 1% Kyoho 15.1342. 70abcAB 0.25%+0.06bcAB 193. 334 16. 44abA 12.0042. 09abcdABCD
9 ’E Cardinal 15.4741.75abcAB  0.2240. 08bcAB 204.67418. 72abA 8.26+2.37deBCD
10 ZIL i Bk Red Globe 18.5340. 95aA 0.3740.05abAB 202.67+15.50abA 15.97+1. 15aA
11 4 B Jintian Meigui 16. 434 1. 12abAB 0.29+0. 05abcAB 200. 33£10. 97abA 13.8741.92abAB
12 HFL B HE Rizamat 15.7341.53abcAB  0.2840. 11abcAB 217.00434. 70abA 9.36+2. 99cdeBCD
13 % A48 Manicure finger 17.6040. 87abAB 0.27%+0.07abcAB 177.334+17. 21bAB 13. 0042, 70abcABC
14 4 Z R Victoria 13.40%1. 40bcAB 0.2640.14bcAB 220.33467.09abA 8.95+4. 20cdeBCD
15 K& B 5 Yatomi Rosa 11.1347.44¢B 0.24+0.10bcAB 216.67+11.59abA 7.0742.12eCD
16 #E %S Fujiminori 17.7340. 57abA 0.297+0.09abcAB 192. 67422, 94abA 13.17+2. 76abcAB
17 TL %G Fk A% Crimson Seedless 16.70+2. 413abAB 0.23%£0.09bcAB 184.33%26.10abAB  10.60=%3. 42bcde ABCD
18 4 M % Jintianmi 14.1743. 12abcAB 0.42740. 10aA 178.33+11. 68bAB 14.2340. 15abAB
19 D13k Beta 17.2744.05abAB 0.30+0. 12abcAB 205.67+14.57abA 12. 834 3. 77abcABC

O« F — BB S R R /NG R R 25 5 3 (P<C0. 05) , K5 TR R 7R 25 Sl i 3% (P<C0. 01) , N )
Note: Different normal letters in each column indicate significant difference( P<Z0. 05), capital letters indicate extremely significant difference (P<C

0.01). The same as below
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The cultivar codes are same as Table 1. The same as below

Fig. 2 Chlorophyll content and MDA content in leaves of different grape varieties under high temperature

30
251

S 20

I

5 15

—
(e

N

Soluble protein content/(mg * mL )

S

1 234567 89101112131415161718 19
S Cultivar

K 3
Fig. 3

1
1

IR

7000

bed
def
def
cde

hi

3000

0
1 234567 8910111213141516171819
S Cultivar

e i T A () it o 2 4 T 9 4 1L ORI PR 5 A

Soluble protein content and proline content in leaves of different grape varieties under high temperature
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Fig. 4 The antioxidant enzyme activities in leaves of different grape varieties under high temperature
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Table 4 Analysis of heat tolerance in different

grape cultivars

i Gl few  OME
Cultivar AR Rank tolerzince
J#% i Thompson Seedless 4.722 17 55 Weak
Te#% M0 Centennial Seedless 5.424 9 1 Medium
TR B B P Hongqi Tezaomeigui 4. 849 16 55 Weak
FH # Hetianhuang 6.507 4 5§ Strong
A Yi¥ Munage 5.192 11 1 Medium
JK &b JC# Shuijing Wuhe 4. 004 19 55 Weak
EHH Jumeigui 5.252 10 1 Medium
E % Kyoho 5.544 8 1 Medium
E8 Cardinal 5.045 13 1 Medium
2L H ¥R Red Globe 8.179 1 3R Strong
4 M Jintian Meigui 5.556 7 H1 Medium
B L 5% Rizamat 5. 680 5 H1 Medium
2% A48 Manicure finger 5.563 6 1 Medium
4 Z B V. Victoria 4,317 18 55 Weak
I w B YE Yatomi Rosa 4, 889 15 55 Weak
B F& Fujiminori 6.848 2 5 Strong
v Hit f 6 A% Crimson Seedless 4.956 14 55 Weak
4 H % Jintianmi 5.108 12 1 Medium
I3k Beta 6.565 3 5§ Strong

%5 FEHEMTH AR 05 KR
Table 5 Classification results of AR under

different cluster numbers

GEEC REME SRt 12 R
Cluster Error . : ;
: Optimal segmentation result

number function

2 0.287 6 1-4,5-19

3 0.171 2 1-4,5-13,14-19

4 0.069 2 1,2-4,5-13,14-19

5 0.021 6 1,2-4,5-9,10-17,18-19

6 0.011 6 1,2-4,5-9,10-13,14-17,18-19

7 0.007 9 1,2,3-4,5-9,10-13,14-17,18-19

AR BIA R F B AR 19 A WA HER DU 5 R
4 [d)
Note: The column number of “Optimal segmentation result” in-

dicates the rank of 19 cultivars; the same as in Table 4
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ik T RIS 5%

3

AL 0T v TP 30 F) o 7 52 AR 2 TR B R L A [
ol AR ) 1 1 PROAIL )t AN AR 2L B 5 3R
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