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High temperature response of chlorophyll fluorescence parameters and
heat tolerance evaluation of different grape cultivars
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Abstract: [Objective] This study investigated high temperature response of chlorophyll fluorescence of
different grape cultivars and evaluated heat tolerance for 19 grape cultivars to provide basis for breeding
heat tolerant grapes and studying heat tolerant mechanisms of grapes in Turpan. [Method) A total of 19
grape varieties from Turpan Research Institute of Xinjiang Academy of Agricultural Sciences were select-
ed. The chlorophyll fluorescence characteristic parameters including F,, F,. . F,/F,, F,/F,,s Pl.s, DI,/
CS,,®PS|l ,¢E, ,ETR and gP in leaves of grape were determined by rapid fluorescence detector (Handy-
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PEA) under the natural high temperature condition in Turpan. The responses of these parameters to high
temperature were analyzed and compared among different grape cultivars. The fuzzy membership function
analysis method and the sample optimal segmentation clustering method were then used to evaluate the
heat tolerance. [Result) The chlorophyll fluorescence parameters of all 19 cultivars were affected signifi-
cantly by high temperature with decreased light energy transformation rate. The comprehensive scores were
in the order of ‘Manicure finger’>>‘Yatomi Rosa’ > ‘Jintianmi’ > ‘Red Globe’ > *Jintian Meigui’ > ‘Fuji-
minori’ > “Hongqi Tezaomeigui’ > Thompson Seedless’ > ¢ Hetianhuang’ > ¢ Jumeigui’ > ‘ Crimson Seed-
less” > “Beta’ > ‘ Kyoho’ >> ‘ Munage’ > ¢ Cardinal’ > * Victoria’ >> ‘ Rizamat’ >> ‘ Centennial Seedless” >
‘Shuijing Wuhe’. The sample optimal segmentation clustering method with classification standard showed
that ‘Manicure finger’, ‘ Yatomi Rosa’, ‘Jintianmi”, ‘Red Globe’, ‘Jintian Meigui’ and ‘Fujiminori’ had
strong heat tolerance. [Conclusion]) Six grape varieties with strong heat tolerance suitable for cultivation in
Turpan area were selected.

Key words: grape cultivars;chlorophyll fluorescence parameter;high temperature response;heat tolerance
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Table 1 Information of grape cultivars and parental origins
BB g At wE T T Fhtk _EE
N Culti Speci Parental origin N Culti Speci Parental origin
No. ultivar Species (Female/Male) o. “ultivar Species (Female/Male)
) ity A% TG A% o
L REEF B FAA o CERERC g 7 X 033199
Yatomi Rosa V. vinifera Unknown . V. vinifera Emperor X C33-199
Seedless
E 75 sp At
/kﬂsl?ﬁ}ri RS %%EiEXE**T Dk V. riparis X 7] j 7 4 Carver X B nJ
2 Shuijing Wu- L Queen of Vineyard X De- 12 . .
he V. vini fera light Beta V. labrusca Carver X Concord
X iz Ak i: . e :Zx: o . o
LA GO O HXERE R LR B 278 )1l 682) X Sk
3 . L KaTTa Kyprau X 13 L V. viniferaX .o
Rizamat V. vini fera Fujiminori Hongmi X Pione
ITapker V. labrusca
S Wi 56 2 JE LA X 2%
WEFW R Y21 X (AR R Fi b KR A A fRRE AR
4 . . L, < 14 V. vini feraX Ishiharawase X Centenni-
Victoria V. vinifera Cardinal X Bolgar Kyoho
V. labrusca al
"
o OEmGHD KR L2440 X A TR s RME g 2 1< 2
Cardinal V. vinifera Flame Tokay X Ribier ger V. vinifera Younikun X Baladi
T B X L " .
5 . e
6 Centennial X W,ﬁ.l . Gold X Q25-6 16 ’IﬂﬁI:k X W.W . C12-80X S45-48
Secdless V. vini fera Red Globe V. vini fera
B W 3 2 AR @ N 5 4 M E e il BORL A X A Bk
7 J - V. winifera X  Shenyang Meigui X Kyo- 17 Jintian v " . Muscat Hamburg X Red
umergat V. labrusca ho Meigui svmjera Globe
9603 ( HL 4L B X 41 XL
BR) X 9411 CRLJEL 51 X %6
N o B
o A B AR s B 5 it Home.
Munage V. vini fera Unknown Jintianmi V. vini fera 1vama one
! shuangwei) X 9411 ( Feng-
huang No. 51 X Zizhenz-
huw)
o A R i FAA o BEH m FAR
Hetianhuang V. vinifera Unknown . P V. vinifera Unknown
Seedless
ST B
v RS RIOR g B A5
Z'lomgeilgui V. vini fera Muscat bud mutation
1.2.3 &4 AR ROW SR8 R B0R X
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IR R R (E L 2
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Fig. 1 Daily temperature in July 2017 in Turpan
*)2 AEEEH&™F,.F,.F,/F,.F,/F, NBEMMERH
Table 2 Response of Fy,F,, ,F,/F, and F,/F,, of different grape cultivars to high temperature
o
i F, F, F./F, F./F.,
Cultivar
=l
95;.:55// 312.667+20. 008 deE 1 447.333+151. 461 bedeABC 3.66240.778 abA 0.78140.037 aA
Yatomi Rosa
R
/J(HE.I?E)& 464, 6674113.742 aA 1047.000£114. 530 {C 1.336+0.578 dD 0.55340. 115 dC
Shuijing Wuhe
B HL 4% Rizamat 437.333423.798 abABC 1 260.667+62.931 defBC 1.89340. 293 cdBCD 0.65240. 035 beBC
#: Z ). Victoria 364.000+41, 677 bedeABCDE 1 384. 667459, 214 bedeBC 2.847+0.567 abcABC ~ 0.73640.043aAB
EWE(4ELT) Cardinal 354, 333+28. 290 cdeBCDE 1 372.6674216. 694 bedeBC 2.885+0. 628 abcABC 0.73840.046 aAB
j“n&%[ij'%m 458.333463. 130 aAB 1142.667+£54.629 efC 1.530+£0.423 dCD 0.59840. 062 cdC
Centennial Seedless
EH# Jumeigui 369. 000414, 177 bed ABCDE 1 436.000+82. 055 bede ABC 2.90140. 365 abcABC 0.74240.025 aAB
KAk Munage 368. 000+ 38. 040 bed ABCDE 1 371.0004148. 970 bedefBC 2.756+0.614 bcABCD 0.729%+0. 043 abAB
FIH # Hetianhuang — 343. 667439, 526 deCDE 1473.000£142. 979 bedABC 3.35540.940 abAB 0.76440.045 aA
-
ﬁﬁﬁ%ﬁfj{i}% L 324.000£10. 440 deDE 1 428.333+63.579 bedeABC 3.416=+0. 333 abA 0.77340.017 aA
Hongqgi Tezaomeigui
e
ﬁ#ﬁﬁ:%/& 339.667+39. 311 deCDE 1 245.667+80. 164 defBC 2.720%0.697 bcABCD  0.725%+0. 047 abAB
Crimson Seedless
Dl i5 Beta 343.667+44,. 004 deCDE 1 291.333+63. 948 cdefBC 2.80240.568 abcABCD 0.733+0.038 aAB
HEFS Fujiminori 288.667+71.291 eE 1 306.000+£438. 599 cdefBC 3.49240.909 abA 0.77240.042 aA
F % Kyoho 365.333%51. 540 bedeABCDE 1 426.0004140. 114 bedeABC 2.978=+0. 824 abcABC 0.74040. 060 aAB
1 e
*}\?ﬂ . 338.000+18. 083 deCDE 1 638.000+348. 237 abAB 3.890+1.292 aA 0.78640.053 aA
Manicure finger
21 #1 3k Red Globe 291.667+30. 600 deE 1 379.333+396.071 bedeBC 3.68540.979 abA 0.77940.052 aA
$ EEH&EE - 349.333+23. 861 cdeCDE 1 604.000£107. 531 abcAB 3.60940. 469 abA 0.78140.024 aA
Jintian Meigui
4 M % Jintianmi 312.000%23. 896 deE 1442.667+132.515 bedeABC 3.621£0.109 abA 0.78440.005 aA
LFH 422.000471.582 abcABCD 1 819.667+233.136 aA 3.34240. 444 abAB 0.76840.023 aA

Thompson Seedless

T« [ 5B G A RN 2B R 22 5 B3 (P<<0. 05) AR KRB FEE R % 2% R B 3 (P<<0. 0D, F KA.
Note: Different lowercase letters in each column indicate significant difference(P<C0. 05),and capital letters indicate extremely significant

difference(P<C0. 01). The same below.
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Table 3 Response of Plss,DI,/CS, and ®PS|l of different grape cultivars to high temperature

S Fh Cultivar Plaps DI, /CS, oPS |
B B Y5 Yatomi Rosa 2.96441,.564 aA 68.859+16.196 dC 0.14540.009 bedefgBCD
JK § A% Shuijing Wuhe 0.11240.101 eD 215.806+108. 951 aA 0.18470.116 abede ABCD
B4 54 Rizamat 0.27440.151 ¢CD 152. 739423, 424 bcAB 0.10640.031 fgCD
# ZF|W. Victoria .994+0. 471 cdeABCD 97.304+27. 419 cdBC 0.17240.028 bedefABCD
JER(HELL) Cardinal . 00840, 524 cdeABCD 93.217+19. 425 dBC 0.184740. 043 abcd ABCD
TeH% E 8L Centennial Seedless .16840.111 eD 186. 817451, 702 abA 0.24440.036 aA

0

1

0
E H L Jumeigui 1.040+0. 440 cde ABCD
AYHE Munage 0.79140. 450 deBCD
FH # Hetianhuang 1
1A BB Hongqi Tezaomeigui 1
Vo Fi # JC % Crimson Seedless 1
Dl ik Beta 0
BEFS Fujiminori 1
F % Kyoho 0.91040. 694 deBCD
% A\ 1§ Manicure finger .7704+2.478 abAB
2T Bk Red Globe .2237+1. 315 abedABC
4 B Jintian Meigui
4 M2 Jintianmi
Jo#% 1 Thompson Seedless

.20340. 957 cdeABCD
.90140. 687 deBCD

.491+0. 268 abcAB
.13340. 491 cdeABCD

.618+1. 386 abcde ABCD
.30740. 614 bedeABCD

.932+0. 608 abcdABCD

2
2
1. 37940. 450 bede ABCD
2
1

95.403+12. 989 dBC
100. 366 +22. 682 ¢dBC
82.294+23.753 dBC
73.767+7.688 dC
94.471+25. 466 dBC

(=]

. 13740. 060 cdefgBCD
.133£0. 031 cdefgBCD
.2097+0. 040 abAB
.17240. 030 bedef ABCD
. 12140. 029 defgBCD

oS O O O

92.728+24. 343 dBC 0.115£0. 038 efgCD
65.45219.629 dC 0.144=2£0. 057 bedefgBCD
96. 800 35. 932 cdBC 0.164+0.028 bedefABCD
72.906+21.912 dC 0.1332£0.002 cdefgBCD
63.718£11.663 dC 0.1872£0.002 abcd ABCD
76.6371£12.563 dC 0.09520.024 gbh

67.499+4. 410 dC .19240.017 abcABC
98.527+24. 406 cdBC 0.1274£0.016 cdefgBCD

2.2.3 ¢E,.ETR.qP A[F %% & oF, .ETR.

q P 1 e i R B DL 4

x4 FEAEESM oE .ETR.qP MIHBMM R
Table 4 Response of gE,,ETR and gP of different grape cultivars to high temperature

S Cultivar oE, ETR qP
& % ¥ Yatomi Rosa 0.47040. 099 abA 202.610+13. 194 bedefgBCD 0.204%0. 012 cdefgCDE
JK #h T #% Shuijing Wuhe 0.10640. 068 hE 257.624+162.512 abcd ABCD 0.340+0. 159 abAB
H 5 4 Rizamat 0.18740. 054 fghCDE 148. 508442, 815 fgCD 0.1574+0. 049 fgDE
#4EZ P, Victoria 0.318+0.064 cdefABCD 241.184+38.971 bedefABCD 0.276£0. 068 bede ABCD
/ER (4E410) Cardinal 0.31340. 082 cdefABCD 257.333+59. 963 abede ABCD 0.29640.091 abcABC
To# 13 .0 Centennial Seedless 0.15240.039 ghDE 341.670+50. 158 aA 0.386+0.053 aA
B BB Jumeigui 0.32940. 069 cdeABC 192. 387 +84. 828 cdefgBCD 0.193+0. 085 defgCDE
AYK Munage 0.28740. 064 defBCD 186.802+42.575 cdefgBCD 0.19740. 051 cdefgCDE
1 H # Hetianhuang 0.360£0. 114 abcde ABC 292.356+£56.479 abAB 0.29640.059 abcABC
21 B Hongqi Tezaomeigui 0.34140. 058 bedeABC 240.134441. 982 bedefABCD 0.24340. 024 bedefBCDE
Yo Fi #5 J6#% Crimson Seedless 0.33340.092 cdeABC 168. 729+40. 893 defgBCD 0.18040. 043 efgCDE
D13k Beta 0.30740. 082 defABCD 161.218+52. 083 efgCD 0.17640. 053 efgCDE
HEFS Fujiminori 0.406=+0. 038 abcdAB 201. 844+79. 715 bedefgBCD 0.214740. 065 cdefgBCDE
[ % Kyoho 0.27340. 119 efgBCDE 229.566439. 869 bedefABCD 0.24040. 047 bedefBCDE
% N 48 Manicure finger 0.44040. 110 abcAB 185.67143. 006 cdefgBCD 0.19140. 006 defgCDE
21 Bk Red Globe 0.41240. 118 abcdAB 261.540+2. 386 abcdABCD 0.254740. 007 bedef ABCDE
4 W EHL Jintian Meigui 0.37340. 052 abcdeAB 132. 795434, 245 gD 0.134+0.037 gE
4> W% Jintianmi 0.47340.021 aA 268.586+23.622 abcABC 0.28540. 039 abcdABCD
Je#% 1 Thompson Seedless 0.34040. 078 bedeABC 177. 624422, 075 cdefgBCD 0.168+0.019 {gCDE
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oE, FoRm T H P, mkdn
LR T KT oE, Bl AUH 0. 106; 4x
FH %8 fe fm o0 0. 4735 Horp oK i e #% . e XS0 L
HEFMEERTLEHE RSP R ABES
fr. ETR [t PS I B & 3 s R, b i B
M e . O 341, 6705 4 BB A%, S 132, 795;
B4 B B AL SR DA B E K T o 1 g
O R B AN oAt SR ) 22 RN . BT K
FRECqP W PS I Y HL ¥ 42 338 16 % . 24 ¢ P<<0. 400
BFLPSITATREZ B3 . & 4 R EERAMET 19
AR AT g P ¥ 8 ERT 0. 400, S iR X &
rn PR 2 PSR R H O 1 T RS B 349 4 25 52 )

Ut B e L SO A2 R 422 52 L R g g e L
TeHE AR qP fe . 70, 38654 H BB A% AN
0. 1345 Ut B 45 i B 349 32 2 A [ 2 B2 0 8 TR 5%
2.3 AEEE MRS TR IEN

2.3.1 REFHLIGHFGMEE X 10 L EK
K BRI AT T S5 R WK 5. &S
WAL F,/F, 5 F,.F,.F,/F, .Plys .DI,/CS, .¢E,
SEHRARAHOCHER W% . 5 oP MG W Hh FL/
F,5F, . F,/F,.Plys.gE, 28 FEMK, 5
F,.DI,/CS, 2/ B % MM %, 5 P 2 8 % f A
XK. 5 oPSI \ETR 2 HAHK HM AR .

x5 AEEHEMMHRRRALSEIEIRMNEXE
Table 5 Correlation analysis of different chlorophyll fluorescence parameters of different grape cultivars
ffdl@; F F. F./F, F,/F, Plas — DI/CS,  @PSIl oEo ETR b
F, 1
F, —0. 295 1
F,/Fo —0.842**  0.752** 1
F./F, —0.840**  0.752**  0.972** 1
Plags —0.793"* 0. 500" 0.864 " * 0.770" *
DI, /CS, 0.911** —0.633** —0.950** —0.986** —0.772"" 1
OPSIl 0.116 —0.339 —0.224 —0.292 —0.057 0.271 1
oE, —0.872** 0.622"* 0.951** 0.923** 0.937** —0.924** —0.183 1
ETR 0.118 —0.341 —0.227 —0.294 —0.06 0.273 1.000** —0.185 1
qP 0.274 —0.506" —0.425 —0.498* —0.22 0.470* 0.956* % —0.367 0.956"* 1

Hiex % FORTE 0. 01 JKF CUUID B2 » » FARTE 0. 05 /K CRUIID AR

Note: * % indicates extremely significant correlation at 0. 01 level, * indicates significant correlation at 0. 05 level.

2.3.2 WS E RN BT FJ/F, EEYK
A ] 4 BB A B R AR B A 10 T B4R
PR R S FL/F, 53R G 48 AR AT SR
SR RBE T I AT SR AR EHHER L S5 R WK
6. M6 ATHLESHPAT R BB RANIE >R E

B> 4 HEE > L1 BR > G FH O > e e = 21 R
R > TOR% A > B > BB > T F AR O >
VUK > B > ARG #s > F 5 (HE 1) >4t 2 F1) W7 > B
FLE > T XS > K S TG .

6 AEAEFRWHTHRENSHTSEMN
Table 6 Analysis and evaluation of heat tolerance of different grape cultivars
i ey 44 T £ 1 it i LiE 44 i 4 1
Cultivar AR Rank Heat tolerance Cultivar AR Rank Heat tolerance
EeT——
KB 5 Yatomi Rosa 6.951 2 5% Strong J‘L'Alﬁﬁﬂijﬁﬁ: 4. 867 11 1 Medium
Crimson Seedless
JK ki JoH#% Shuijing Wuhe 0.183 19 55 Weak Il % Beta 4,817 12 1 Medium
B HL 4% Rizamat 2.678 17 55 Weak HEFS Fujiminori 6. 248 6 5% Strong
4k % F V. Victoria 4.486 16 #1 Medium [ 1% Kyoho 4.599 13 1 Medium
ER(4E4T) Cardinal 4.489 15 1 Medium 3 A38% Manicure finger 7.040 1 o Strong
TR 0.763 18 5 Weak LI Bk Red Globe 6. 402 4 3 Strong
Centennial Seedless
E ¥ Jumeigui 4,963 10 F1 Medium 4 HHE Jintian Meigui 6.331 5 o Strong
KA Munage 4.521 14 F1 Medium 4 H % Jintianmi 6.475 3 5§ Strong
1 H # Hetianhuang 5.392 9 1 Medium Jo#% 1 Thompson Seedless 5. 583 8 1 Medium
-
ZLHCRE IR 5.610 7 #1 Medium

Hongqi Tezaomeigui

KA P AEA R Al 2 1 2R 2839 3 AR (2L AT

I3 28 T A5 2 BT A it B i £ 9 B 110 0 1 2R 22 bR
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AT

BRI R T, R T AIHL BEE S IR
IR 25 A TR E WK H o 3 L IF kAT
F R, 8RRV, &0 %W EH(P<0.01),
PRI I A 2 SR e 0 3 % 4 B s O LT Ak 0 43 R
590 iR 3 RS AL, AR B {H XN <<4. 0, =4. 0~
<6.0.>>6.0, MHEIZIRHE XF 19 A~ 5 FE 47 1 4
PEVEAN A5 R L3R 6. HI 3 6 AT L, 19 A3k i
R O SR N 1 2 B e S G S <
104> T AAPESS I A AT 3 4. Hh R AR RS
B I5 4 R LT HER L4 B UL R RS A T B 5 )
s s TR Ay ek A 2 DX )RR A I
®7 ARASEBT OANEERM AR MY LER
Table 7 Classification of AR under different

cluster numbers of 19 grape cultivars

yTETRT e F -
SOREC R S 1 12
Cluster Error : .
. Optimal segmentation
number function
2 0.3375 1—16,17—19
3 0.122 6 1—6,7—16.,17—19
4 0.053 6 1—-6,7—16,17,18—19
5 0.021 3 1—-6,7—9,10—16,17,18—19
1—2,3—6,7—9,10—16.17,
6 0.010 0 a1
7 0.005 3 1—2,3—6,7—9,10—12,

13—16,17,18—19

TR WA —H B i HER T 5, 53k 6 TR
Note: The numbers in “Optimal segmentation” indicate ranks of

cultivars in Table 6.

3 e e

3.1 BRMAREHAMHERTE NI

o I 30 25 5 30 PS T b B 3% 40 S5CR BE AL, 51
e PSII 454 F 2 g iy A8 f B 0, g &
KHEE T EEMEAEERGRS K F/F, J&
TR BRI PR A R i AR B AR A
ENGENELE T LN D O TR R S
SRR L U SR AR 19 A A
i) F,/F, {5l 0.553~0. 786, 41k T AE 38 A5 14
N FL/F, SFX{H 0.83220. 004, 5 B & kLB 8
SRBF,/F, 53 AR 0 4 A O fe i e,
X—45e S EEAE AR A A R iRiE — K.

qP M SRR S Z — R T PST Wk
(6 BE F T A2 B g i 1% 3 I A . AS BIF 5 45
FFWT 19 DA SR P Ry 0. 134~0. 386, H
H T XS0 i i . R 0. 386, I E L F PST Z 5l
FHH 0. 400, BEW] = 6T 19 A4 4 & A g PSTT B
RO 1 T OB JEE 35 A R L B2 R N A2 L 1
RE a5

e ik 38 R R 23 A 4 R R @PS T 25 S A
B3 UL PR IR RE R AR R = AR MR
5 2 AR A R OB B AJGR E RS AR 19 A
ol o S AR 23 1) 2 B D v A R 5 ELTEAZ S 0 Y
OPSII A ETR Y38 » B il 4% 8 F Mo 715 i3
AT IR WL AR R AR A R L X
5B e ah R — B0 T LR A
3.2 AEHEE &M m AN

Fo.F,.F,/Fy.Plys.DI,/CS,.¢E,.qP.F,/
F, ZEfabn w78 & i PS I, A
W S B - el X 19 A4S0 4 it O Ak 27 18 1 1) 52 )
BT 2 HA AR s LR F L/ Fo
oE, F,/F, S8 bl 25 M1 5% G A 0E 506 5
F,/F, RO S5 9 55 b5 24 A O T 5P DA 45 4 i
Froehr. SRRV, RN REZ I S HE i
BR 4 TR EERRAE 19 4 b B R i AR 5l
ARl . X AR M RAR BT
fiE -5 15 7 I REA B SO AN R bR S BT XA
P

2% 3R 96 2 BURE B 4% S WAl 1) 1 e Ak o7 3
P ity ELAG 0 2o A BB S DR ) 2 T R
i FAE S E PR (I SRR O SRR bR AR
Z BRI AFTE A S . IR AR 58 1) TSR
SR IR R BOE R 5 A AR AR EAT L5 G AT TR L SR
i R B AR AT S I 20 1 3 2R 26 0 A o DT B 4 T M
PR TR A BT B . PN AE T BT R L o
S e B2 P R 30 PS4 5 RE . AL AE 25 8 I
R A SR bn A BE 8 2 LS S e AR B AR FR 5T
T B LT T AS B S RO S AE B AR RO IR
PR 8825 A R BRAT B o IR I T R T A 5 3k A 45 R X A
BT RPN B E R M F R R A S E M.
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