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Comparative study on canopy microclimate and high-temperature resistance
mechanisms of Shine Muscat grape in different trellis systems
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Abstract: [ Objective JWith global warming's ongoing impact, the frequency and intensity of extremely hot weather
during summer have risen, and heat injury has become a significant meteorological disaster affecting grape
production. Particularly in the southern region, where grapes are primarily cultivated in controlled environments
like greenhouse, the enclosed ecological conditions worsen high-temperature stress (HTS). Therefore, studying
how adult grapevines respond to HTS in natural surroundings is crucial. Assessing the physiological response of
adult grapevines to HTS and choosing heat-resistant grape trellis systems are vital for studying heat-resistant
mechanisms and heat-resistant cultivation of grapes. [ Methods ] With Shine Muscat grapevines as the experimental
material, three trellis-system treatments of V-shaped (Vs), Flying Bird-shaped (Fs) and H-shaped (Hs) were
implemented. Canopy temperature and humidity were monitored from June to August. Subsequently, the levels of

photosynthetic pigments, photosynthetic parameters, chlorophyll fluorescence parameters, and the expression of
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resistance genes (heat shock protein genes (Hsp), heat shock transcription factor genes (Hsf), GLOSI) were
assessed. Changes in leaf tissue structure of different tree shapes before and after high-temperature occurrence in
the field were analyzed .[ Results ] The frequency and intensity of extreme temperature on the canopy during the hot
months in summer were significantly lower in Fs and Vs compared to those in Hs. In August, the proportion of
temperatures above 40°C in Fs canopy decreased by 45.07% and 46.20% compared to those in Vs and Hs. Canopy
humidity decreased gradually with the rising temperatures from June to August, with Fs having the highest
humidity, followed by Vs, and the lowest in Hs. After 15 days of HTS, grapevine leaf thickness increased, with
spongy tissue pores showing a notable increase. Compared to pre-high temperature, the thickness of palisade and
spongy tissues of Fs changed less, while the thickness of spongy tissues of Vs increased by 43.79%, and the
thickness of palisade and spongy tissues of Hs increased by 24.70% and 42.51%. As the number of days of HTS
increased, the contents of chlorophyll a (Chl a), chlorophyll b (Chl b) and carotenoids (Car) in the leaves of all
three trellis systems first showed an upward trend and then a downward trend. Similarly, the net photosynthetic rate
(Pn), stomatal conductance (Gs), transpiration rate (77) and intercellular CO2 concentration (C;) also first showed an
upward trend and then a downward trend. The decrease in P, observed in the leaves of all three trellis systems at
the end of the stress period was accompanied by a significant decrease in Gs, T;, and Cj, indicating that stomatal
limiting factors were the primary reason for the decrease in Py. Then, the results of correlation analysis showed that
P, was significantly positively correlated with photosynthetic pigment content and photochemical efficiency.
However, no significant correlation were observed between P, and G, Tr, and Ci. This suggests that non-stomatal
limiting factors such as the reduction of photosynthetic pigment content and the impairment of the photosynthetic
apparatus also played a important role in the decrease of P,. During the experiment, the chlorophyll and carotenoid
contents were highest in Fs, followed by Vs, and lowest in Hs. The photosynthetic pigment contents of Fs was
6.74%, 49.87% higher than those of Vs and Hs after 6 days of HTS, and the P, of Fs was 14.21%, 76.22% higher
than those of Vs and Hs after 15 days of HTS. Initial fluorescence (F,) and non-photochemical quenching
coefficient (WPQ) showed a continuous upward trend. The maximum fluorescence yield (Fm) and photochemical
quenching coefficient (¢P) showed an upward trend and then a downward trend. The maximum energy conversion
efficiency (Fv/Fum), potential photochemical activity (F\/F,) and actual photochemical efficiency ( @psi) remained
stable in the early stages of HTS but decreased rapidly in the later stages. The ETR first showed a small decrease
followed by a slight increase, and then a rapid downward trend after 6 days of HTS. During the period of HTS, the
change range of the chlorophyll fluorescence parameters in Hs was greater, leading to significantly higher levels of
F, and NPQ compared to Vs and Fs (p < 0.05). However, the remaining fluorescence parameters of Hs were
notably lower than those of Vs and Fs. No significant differences were observed between Vs and Fs, except for
NPQ, which was significantly higher than that of Fs.. In this experiment, HTS induced the expression of resistance
genes in the leaves of all three trellis systems. The relative expression levels of V'vHSP17.9 and VvHSP90 increased,
but the other heat shock protein genes (VvHSP22, VvHSP70, VvHSP100, VvHSPI10I) and three heat shock
transcription factor genes (VvHSFAI, VvHSFA2, VvHSFBI) along with GLOSI showed a general trend of first
increasing followed by a decreasing trend. Compared to Vs and Hs, Fs showed the most notable up-regulation of
the expression of the nine genes mentioned above except for VvHSPI00 under HTS. The expression levels of

VwHSP22, VvHSP101, VvHSFAI, VvHSFA2, VvHSFBI1, and GLOS1 were significantly higher in Vs than those in



Hs. Conversely, the expression levels of VvHSPI17.9 and VvHSP70 were significantly lower in Vs than those in Hs.
The results of correlation analysis indicated that VvHSP70, VvHSP101, and VvHSFBI1 were significantly positively
correlated with Chl a, Chl b, Car, Py, Gs, Ci, Fm, and gP. Conversely, VvHSP17.9, VvHSP90, VvHSFAI, and GOLS!
exhibited significant negative correlations with F\/Fun, Fv/F,o, ®@psi, and ETR. Futhermore, VvHSP22, VvHSP100
and VvHSFA2 showed no significant correlation with photosynthetic pigments, photosynthetic parameters, and
chlorophyll fluorescence parameters. Under high-temperature treatment, the canopy temperature was lower and
humidity was higher in Fs, leading to a reduction in the combined stress of high temperature and drought.
Additionally, Fs had fewer changes in leaf tissue structure, higher photosynthetic pigment content and
photosynthetic rate, a more stable PS II reaction center, and higher expression levels of resistance genes like
VvHSP, VvHSF and GLOSI compared to those of Vs and Hs. [ Conclusion] The long-term high-temperature
treatment destroyed the tissue structure of grape leaves, reduced the PSII activity and inhibited photosynthesis of
the three trellis systems. Compared with Vs and Hs, Fs had stronger resistance to HTS and was more able to adapt
to high-temperature environments. Hs had the lowest heat resistance.
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Fig. 1 The temperature of open fields in August 2022
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Table 1 The sequence of primer for target genes in grape

H 5L TR FW#514 (5°-3) EiEsIY (3°-57) 5 M 3 #k
Target gene Accession number Forward primer sequence (5°-3”) Reverse primer sequence (3°-5”) Reference
VvHspl17.9 AACTTCCCCACCCTCCTCT CGTCAAGGAGTACCCCAATTC [25]

VvHsp22 XM_034819224.1 TGCTGCTATTGCTTGTGTTCT GCTTGGGGTTCTCTTCCTCA




VvHsp70 XM _010650267.3 ATGCTACGGCTGCTGAGTTT GCTTGCCATCTGAATCCCCT

VvHsp90 XM 010659145.3 ATATGGCTTCGCAACCCCAA TCTAAGCAAGGGAGCAAGGC

VvHsp100 AAGGGCATCATGGTGTTC TGTCCCTCAAGTCGTCAAG [26]
VvHspl101 NM 001280893.1 GGACATGATGAAGGTGGGCA TCCTGACACTCCCGCATCTA

VvHsfA 1 GTCTTCGGCAATCTCCTC GCTACTCCACGATACCACC [26]
VvHsfA2 XM _010650040.3 GGAGGGTCGAATGCAGAACA CAGTCTGAAGGCGTTGCAAC

VvHsfB1 TGCGAGGAGCTGATAGCG TCACCAACCAACCCACCAT [26]
VwGOLS1 XM 002279078.5 CCGAGAACCAGACCCAGTTC TGCATGTTGTCCTCCTTCCC

VWGAPDH TTCCGTGTTCCTACTGTTG CCTCTGACTCCTCCTTGAT [27]
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Fig. 2 Effects of trellis systems on the canopy temperature of grapes
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Table 2 Effects of trellis systems on the minimum temperature, maximum temperature and the ratio of
temperature higher than 40 °C and 45 °C of the grape canopy during the high-temperature months

‘ ] . il 72 >40 C >45 C
TR RAGIR =3
Polar
At J OS] Average Minimum maximum Bl b5
temperature KH Days KH Days
Month Treatment temperature temperature temperature Percentage Percentage
difference /d /d
/C /'C /C 1% 1%
/C
6 H VIS Vs 26.81+0.04f 18.00 £ 0.10 41.40 = 0.11 2340+ 048 2.671£0.80f 0.54+0.41h 0.00¢ 0.00 f
June e d d
K94 Fs 26.41+0.04g 17.80 £0.00 39.03+0.50f 21.23+0.50 0.00g 0.00 i 0.00¢ 0.00 f
f e
H A48 Hs 26.98+0.10e  17.60 £ 0.00 47.00 = 0.06 29.40 = 0.06 6.33+0.58¢ 1.81+0.12 f 2.001+0.58 ¢ 0.161+0.04 d
g a a
7H VIS Vs 29.50+0.16¢c  18.80 £ 0.01 4390 + 1.06 25.10 = 0.75 11.00£1.78d 6.321+0.33 ¢ 0.00¢ 0.00 f
July c c c
K94 Fs 28.83+0.12d 18.47 £ 0.06 41.77 + 0.44 2330+ 040 6.67t1.53¢ 1.34+0.36 g 0.01d 0.00 f
d d d

H 2% Hs 30.024+0.21b  18.03 = 0.15 4643 £ 1.26 2840+ 1.18 19.00£1.00b 7.73£0.56 ¢ 5.00+£3.46bc  0.63+0.54c¢
e ab ab

8 H VIS Vs 31.19%£0.13a 1990 £ 0.16 46.50 = 1.06 26.60 = 1.89 19.33*=1.30ab 13.78+£0.42b  9.33%4.46 ab 1.48b




August a ab be

K94 Fs 30.46+0.24b 19.50 £ 0.15 45.03 + 0.75 2553 £0.67 1633%1.15¢ 7.57+1.13d 1.00+0.54 ¢ 0.13£0.18 ¢
b be c
H 2% Hs 31.284+0.04a 19.57 £0.21 4887 + 220 29.30 =226 22.67%231a 14.071+0.61 a 16.67+3.51a 246%0.62a
ab a ab
H: FABREARNS FRRREREE (p<0.05) . FH.

Note: Different small letters in each column indicate significant difference (p<<0.05) . The same below.
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Fig. 3 Effects of trellis systems on the canopy humidity of grapes

* 3 AENEFEMHERREE. REIEER 60%~80%:E LEHIHIF T
Table 3 Effects of trellis systems on the minimum humidity, maximum humidity and the ratio of
humidity between 60% and 80% of the grape canopy during the high-temperature months

R 2hingis R AR I 60%~80% L1151l

Aty AL >80% Lt {1
Average Minimum Maximum Percentage of

Month Treatment Percentage of >80%/%
humility/% humility/% humility/% 60%~80%/%

6 H VBB Vs 74.26+£0.54 b 25.10%0.96 cde 100 a 21.25+£0.36 d 46.04L£1.15b




June K4 Fs 75.64£0.17 a 26.10%0.00 bd 100 a 20.39+0.56 d 48.91£0.60 a
H A48 Hs 73.78+£0.36 ¢ 18.60£0.00 i 100 a 16.99+0.53 ¢ 48.10£0.70 a
7H VRS Vs 69.01£0.57 ¢ 24.60+1.77 defg 100 a 28.29+0.52a 35.62+£0.29 f
July KB Fs 71.57£0.39d 29.17£1.00 a 100 a 26.37+£1.32b 40.48+£1.32 ce
H A4 Hs 68.71£0.62 ef 22471091 gh 100 a 23.68+0.64 ¢ 38491098 ¢
8 H VRS Vs 67.58+0.56 fg 24.60%£1.19 ef 100 a 25.20%1.18 be 36.36+£0.85f
August KB Fs 68.31£0.31 ef 23.10£0.52 fg 100 a 24.93+£0.24 b 38.82£0.30 de
H A48 Hs 67.54£0.38 g 20.27£1.95 hi 100 a 20.68+0.47d 36.38+£0.80 £

22 ERXEEMN RSN

el 4, v R AR T B R AR JE R B R Xy i B RRB  MHREA ZURE ARA 2 mlR RAETT
3 PR A A AL A R AR, HERIREST . R, WAL R, HEFSE; ERE
ik 15 d JG, 3 R A A RN, MRS LA TR A S AR IS AN, AR AL R &
BOK, HEBIBAL . R4 R, miRORAERT, 3 R AR A R SO AR T R E R, H SRR
V R A R A SR R T H OB SR MNE RS, V B H R A R R,
V BB T 19.11%, H BUZEHEIN 1 29.16%, 1 K S48M R0 B & A4k, Horh H B 4EH 40 248 Fife 2 20
S ELAE il J5 S N 24.70%. 42.50%, V RIANIGARLH IR E N 43.79%: V BLZEHE S B8 (1 it L AE

RIS BT, A RIS T 30.30%. 29.14%, T H IR 11.83%, {85 ARATE B 525
£ 4 ERAETEMHRASHNTY

Table 4 Changes of the anatomical structure of grape leaves after high-temperature treatment

posi! il I JE M 2 S LR H LR T M2 i 4 221
Treatment Time Leaf thickness/pm Palisade tissue thickness/um  Spongy tissue thickness/um  Palisade/Spongy tissue
vV B Vs B6 150.71£15.23 b 78.4381+11.32 ab 47.817£8.61d 1.65£0.09 a

AlS 179.51£12.63 a 78.7551+9.47 ab 68.75516.12 abe 1.15£0.09b
KL Fs B6 170.93412.67 ab 86.755+£6.59 a 57.466+7.67 bed 1.51+0.05 a

AlS 171.06+13.53 ab 79.600112.24 ab 69.600112.46 ab 1.07£0.10 be
H 2% Hs B6 144.66+15.87b 58.6661+7.47 ¢ 62.53318.38 bed 0.93£0.05 cd

AlS 186.84+9.78 a 73.155+6.77b 89.111+14.02a 0.82£0.07d

T BARSIERARERTRIRE, A MR AL B REL

Note: B represents the days before heat stress; A represents the days after heat stress.
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Fig. 4 Effects of high-temperature stress on the anatomical structure of grape leaves
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Fig. 5 Effects of high-temperature stress on the photosynthetic pigment content of grape leaves
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Fig. 6 Effects of high-temperature stress on photosynthetic parameters of grape leaves
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Fig. 7 Effects of high-temperature stress on the chlorophyll fluorescence parameters of grape leaves
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Fig. 8 Effects of high-temperature stress on the expression of HSP genes in grape leaves
2.6.2 PE R T HSF JER Ko GLOSI 133553 Hr
HE— 2D AT R 3 AN 3B ) s K T R R (VwHSEAL L VvHSFA2. VvHSFBI) Fl GLOSI #4777
Rikorthr, A5RWE 9. FEmIRMHEAR R, 3 R AU E K VwHSFAL Al GLOST X RIA B E ik 5 b
JHia%, 1M VwHSFA2. VvHSFBI S5 BTV R F#GES, VvHSFBI A£G 3 d B8 9 d I RIE B,
VVHSFA2 {EIfpif 6 d =Pl 15 d I RIEEE . SRS, WS bR Rk B0 Lk E H i 5
F, VIR, H R PR RERE BRI, H H A GLOST 28N E ] R 2R IE B K.



O vAR vs I w54 rs B HEOR Hs
o f 10

VvHSFAI WHSFA2
18 -

16 a 8 -

A ik
Relative expression
5]

T
o
A I8
Relative expression

B6 A3 A6 A9 AlS

I [A] Time/d [ 4] Time/d

VvHSFBI GLOSI a

HIXRIEE
Relative expression
w
T
Ea
N ik
Relative expression
oo
T

' I
i |

[ B |
A9 Al B6 A3 AG A9

B6 A3 A6

i [A] Time/d i A Time/d

o =ERMEMNBEEMFRMERETFERLR GLOSI FRIEHIFNT
Fig. 9 Effects of high-temperature stress on the expression of HSF genes and GLOS1 in grape leaves

27 REBR. KATASHERSEEFENEXESH

ML 3 PR &) 2 = w4 T 6 d JMha kRS 3. 64 94 15 d It 15 AEdE, HATH ARG B
. OEE RIS S YOS R R IE R M. W 10 FioR, EXREG0ER. RESERMTSRTOL
BRI, P53 &R (Chla. Chlb. Car) . 6 G RENEH (Fuv Fo/Fun. FJFo. ®psi gP-
ETR) 2 0] 35 5L I 25 B S5 35 1 IEAH S , (5 5 Fo . NPQ 22 [8) 5 38 25 A S o £E 10 NPT R, VwHSP17.9.
VVHSP90. VvHSFAI. GOLSI 4 MR 506G MR HMESHIH SRR RNSE (BRY5 Fo. NPQ ZIH
SR IEASCHE) A RN, BARES Go Fu/Fas FJFow ®psus ETR 2 [0) 5535 B 2 2 1 6k
Kk 1M VwHSP70. VvHSP101, VvHSFBI 3 MR 500G EER . JeGSHAH R RIS (R Fo.
NPQ 2 I8 2t 2 Al R IEAEE, #5125 Chla. Chlb. Cary Puv Gsa Civ Fun gP 2[0S
W 5235 W IEAH M . PWHSP22, VvHSP100. VvHSFA2 5966 0% . B SR SR 5OESHZ B IR %
PEEARA 2



-0.21{0.45{0.55 -0.10{ 0.06 | 0.39 |-0.21/ 0.45 | 0.55 |-0.10

Chlb— ; ! .14 -0 . 3 . 2 ’ E . .601-0.21{0.54|0.58 -0.04(-0.04/ 0.43 |-0.21{ 0.54 | 0.58 |-0.04.

Car — i w . X 8 .57 1-0. . . z . k £ .59-0.46(0.21 | 0.76 |-0.38{-0.06/ 0.60 -0.46 0.21 { 0.76 |-0.38

P 7 ] |- . . -0. . . K X | .68 1-0.37|0.37 [ 0.75 |-0.19/-0.10] 0.62 |-0.37| 0.37 | 0.75 |-0.19!

¢&.-oD ol @ 83[0.01[-0.28/0.41{0.33|0. .59(0.31-0.60]-0.29| 0.62|-0.63[-0.17 0.53 -0.601-0.29) 0.62 |-0.63

I, —~ @ - X .25 |-0. 5 X .29 (-0.01/-0.30|-0.11] 0.49 |-0.34| 0.17 | 0.34|-0.30|-0.11| 0.49 |-0.34/

-0.40{-0.04| 0.74 |-0.46{ 0.01 | 0.55 |-0.40-0.04 0.74 |-0.46 - 0.5

0.85)|0.34|-0.30{0.71|0.56 |-0.33/ 0.85 | 0.34 |-0.30/0.71

F.

rrr, - B ic] ; 99/0.93|-0.94(0.800.78|-0.83(-0.21] 0.46|-0.61]-0.44 0.50 -0.83 -0.21  0.46 -0.61
rr, - B mﬂ B o 921094079 0.75|-0.81-0.22] 0.46|-0.59|-0.44 0.54 |-0.81 -0.22| 0.46|-0.59
o: - MHEEHERDE o D. -087[0.75(0.90 -0.850.250.43 -0.68/-0.42|0.41 |-0.85-0.25[ 0.43 | -0.68
vo-H B . . W o n 68/-0. 0. 167|-0.41/0.82|0.25|-0.41| 0.68
qP*.ﬂ. O ..Eﬂn. 79(-0.630.00 | 0.81|-0.51 71 1-0.630.00 |0.81 |-0.51
m-EHEED -
waseize -m O [l B @ D.
wiasezz -l D B @ o o @ o

-0.56{0.06|0.61 |-0.28(-0.13 0.67 |-0.56| 0.06 | 0.61 |-0.28

-0.66/-0.11/0.51 [-0.56

GOLSJ—DDDD-D.D...H... DD.E]
| | | I | | | | | | | | | | | | | | | | | I
TR0 F Qs O S O 4o 4 G NN \
RS LI OB SRV Q@Qﬁ&ﬁﬁ 8¢ @Qz § o a0 gﬂw&?\ & cﬁ\@c;z\%;s‘ép 4}3' 6@\00\53

A

Q )
&@@@&&«&&

“ERV O xR HRIFIRIE p<0.05 F p<<0.01 7K R A %1 B 25 Ak B2 .
“*” and “**” indicate significant and highly significant correlations at the p<<0.05 and p<<0.01 levels.
10 HXEBR. XERNASHEHEEEERME XS
Fig. 10 Correlation analysis between photosynthetic pigments, photosynthetic fluorescence parameters

and resistance genes
39 #

AT ANWFFER DL, 723 & RRAIY v BRI 3R R B R T H R0, BTk, 1 5 2 i Y]
6], RIS VRS B P LA BN EE W R AR T H R, RIS B R R, VORI,
H RZURAR, SRR RARLL, RYTSIRAR TR AV R3[4 BER ORI ACR B, P =
T EWE R A, Kb SRRSO N R Kb A e, H AR & d T A R A A e H e
AP oA, Febd OB ORI T S A v RS, AR T b H RS0 4 i R de e, FLJR R AT
H R 203 4 i SN T B R, B2 M =, B RHR TR R S A H RS E O M5
BUE B AW T B R IRIR R T 2 R BHOC B, A B H R R PTIE AR R R . S A R ROk
TPk A BN H BT, R A RGE ST Vv B2, BRI RS 2R3 U A A1



I A 2 G RT LS I B S A 2 k3, 38 v] DGR I POl i 4 2 K 450 121, AR I TR 0,
TEPD I P WA 20 205 P S #i R MG, i AR SR B S vk B A OGRS, RIS T, miRET S
ZOFNV RIZEN M AR R B T HO A, ST AR RUE R A LR As R, B RS RV
ROBRAR TN R E R T HO BSR4 o IRV T SO A A PO 2 R, A 2 R i 4 4 4 3 o,
L AR P 5 Ao AR AR B R TEARKFFE R, i ie 15 d J5, K AEn AR 4 4 R i A 4R
JEARAAN B,V RS i AR SR N, H ARSI A  R Sg An H R FEBE R B
B H RS0 A i AR T IS A0R v BB A, o S iR RO E .

R S IHDE A R A, R EE R R R S IR SR R, SR A RS ER
i, JeEdEREEREY . IR 7RI, 3 FhELJEH &M i) Chla. Chlb. Car. Chl & K Pov Gsv Tin G
B el o B TR A K S BT IS FRAIG, 3 5 0 A AE 2 AN P20 30 ICE AR E B M o4 R — 8, R
P SR B 0 ) PR ) ol £ 6900 26 77 A — S OB SR B il s, BRI i Py S AL FE 486 K DA 3 26
B BRARTHR, AN RZE N COx F RS A B RS ENIN, [t Ao a R, HEE SR E
I AEK, Gt KBk 2, R SALRE R, RGN GRRIE, FRRHSRS SRS, §
B Py KIEFEARPY; 4 sl B i 3 2 A 5 80 Py FRAR0Y. i e, SR Py R AR N 3
L3 AL IR AR S ALRR ) 2 B, FE AL BRI B R Go BRAR,  F3 CO BE48 AN R AT BRI ety
JeEAER, BARRIN Gov Civ Po RIS REAR: T AEFLBR I B8 36 0 S i R L S AU . ) &1 F o6
SRR, BEMXOE AR PR, AR AL R SRM N R G NRERIER Gt mBe 33, AR
FAEREFW, Wi 3 AR AT Py BRI G Trv GYJEZE TR, UL P PR 2 HAFLIR
W R FE U T 45 FAE R F BAGOA MECIh AR BT UESE . EARERN R, BE AR T i
RN R, PaEHEBRSE. MR EEEWIEMXME, M5 G T GZRTLEEM
Kk, UGG R A BRSO AP Z IS R IR ARG R R S35 7% Po BRI, (HRAAHLHI A F
BB ATATIE R, B CGHE0, v RIERVE A I AR AR AR m TR .
Hh, EARWETOH, CSHUEE A Chl. Car @k Polid V RIZIRZ, HBIZRRAL, A CSIEE A
Chla. Chlb ik FHKMEE FREERIBGT V BIZ0R H BI28, RO IS 208 & ARE 1 50m, 78 52 21 s iR b
I TR S AT R G R SR, R A BERIDE AR

M KRS HP Fo nl LU PSTT RS HCIRES , Fo BN A PS TT J B HH 0 SR 5 BT, FE AT 52,
B oL D R T3 0, 3 FhARTE A A R Fo B BT, ULEA G R PS IT RN OB H RIS . Fr 5K
BT RE O RS EMIELLPS; Fo/Fn 1 Fu/Fo & % YA N2 5 52 s i 5 M 2 by, &
S REHR L [ A 2 R B0 s SRRy 7E 2 i A KRB Hh ) SEBro BE L 4 A00% P IR PS TT R 2R (2 3R
Wi aRe  TOE A A, NPO RIEMIFERUL R e Re N IIRE ), AR RE ), ETR sk
BRJGIR T A R AR IR 00 FEARE SR, T 3 MR AR A Fa K, RARLERE
I, XS ASC A RT3 R AR A T I S A N R g B B NPO BN,
Fy/Fmv Fy/Fov ®psuv ETR PRFFFE, RUIMHERTH 3 AT & LLAEFEROT FEHLE RILRER AP
BN, R B O REFEHOR R g, B P PS TT S F Ly SRS BAT I, 31X 5 F BT C7E 20 ik (R



RER—H. W 6d )5, 3 PR &M NPQ 4475, 1B Fus Fu/Fn< FuFou ®psus P+ ETR 504
6, BT ) B 2R s I 8 0 A e Wl i = RS e AR RE T 258 A RE AL, i B ARG OB AL
PR RO RS BIFK, Jof P AEB RIS, i 3 AR A e A U B4 52 B iR fi #
WU R TO6 S VR B0 Bt R G RE I RO AR, IX 5 3R R ARDO TR BSIR R ST A5 R
—8. AN 3 AT A AT S, EMHEREPNE T, SRV B E A Fay Fo/Fus FuoFox
Desus qP A ETR 5 H BV, Fouo NPQ BAK, 5 HAYER B, 10 CQ3M V R ERAE, £
WG S SR VR SR e P AR R R PS TR S H BN R, T A B

X 3 AR A A 6 AN HSP 3 > HSF A1 GLOST 3% 10 ANFERAGI, 45 5 B oR i ihia B 2
T XSS R ()RR, B VYHSP A VvHSE GLOST 3R AT LR R P ok e 5 DS v o A L IEE 4T
KRN SIBO, F & RO E (RS B8, HSP70 3 R 7E i DR AR A rp 3k 20 W] (8 R PR 3R 15 i A
PES E140, HSP101 & 7E il T Re IR 7 5 8 3h B HE R T DB 5, (0 15 g 7 il b v s B
BRI AR B AR AR SR A M S T KL, VWHSP70. VvHSP101, VvHSFBI 3 MHiiikk
[55 Chla. Chlb. Car. Puv Gsv Cin Fun gP Z 812 535 B IEAH R, 3R] VvHSP70. VvHSP101, VvHSFBI
3 AP [N 5 AT R R AEAR DG, WG R R T DS RE AR EME . VWHSP17.9. VvHSPI0.
VVHSFAI. GOLSI 4 NN S Fy/Fny FuFov ®psu~ ETR 2 82535 G, 325 R A2 e s 19
B3k 4 AR R IE AT AERRAR I N, (R A PS T1 S B2 R BB WT IR, 1o BF A 26 inf 441 52 22 o ik PR 3
[F4%, VvHSP17.9+ VvHSP90. VvHSFAI. GOLSI 4 ANPUii B FEAR £ FIEH . Mo, EHEART T H
BRI VwHSP22, VvHSP100. VvHSFA2 506 0% G SHFIM R FOCSH R M SR AN B3
B5 VWHSP90. GOLSI 2 \AI{7(E B35 IEM <k, VwHSP22, VwHSP100. VvHSFA2 W] GEiid HAthfiidi 5 K] ]
BRI & A . SRS, miR e N R S AR A IR ER VvHSP100 M 9 A3k RIS A B B IR
BHER R, Hoh v B A vHSP22. VvHSPI101 A1 VwHSFAI VvHSFA2. VvHSFBI. GLOSI 3R %
BRI EET H AL, 1 WHSP17.9 M VwHSP70 Fik 8 RART H B4, RS 408 £ b sl v e gé
TV, FEREIE N ER IR, B AR A i P 2
4 4w

W BRR AR 6B TOCSRAEER R IE BN, HEL AR (>38°C) fhid
T, VAGE RS H RUAERH B A A RGN, PSITR RS2, ARG EALGE R
B8 e B B K S BTSRRI, RALH G R SR EE D AR A TR EER R . SRR
LA A R LR AR SE b BR SRR RBEEE (WHSP. VwHSP. GLOS1) FiEEH &,
PS 1T e B H 5 g e o o i vk 2 v 1) S S A

SE#k References:

[1] RERZE, EAF, Birgde, a3, skihik, . BOCBORE SR LR 51 AR LA FRE BoR ], iM% 57
B, 2015(4): 48-51.

SONG Xiance, WANG Shiping, GU Qiaoying, CAI Hongling, ZHANG Weida, CAO Weiting. Introduction performance and
high-quality cultivation techniques of Shine Muscat grape in Shanghai[J]. Sino-Overseas Grapevine & Wine, 2015(4): 48-51.

(2] E5R, HEFE, AR, EO5%, KEW, BE, ERZE, EA, WEIM. NN E RSP BB wE



R REREN[I/OL]. 2 TR E M, 2024: 1-15(2024-05-31)[2024-07-11].

https://kns.cnki.net/kcms/detail/46.1068.S.20240530.1707.006.html.

WANG Rong, LEI Shumin, DU Zhaoxuan, YUE Lingqi, ZHANG Xuefeng, YANG Guoshun, WANG Meijun, TAN Jun, XU Yanshuai.
‘Shine Muscat”  grape fruit quality evaluation in different mature periods of six areas in the South of China[J/OL]. Molecular Plant

Breeding, 2024: 1-15(2024-05-31)[2024-07-11]. https://kns.cnki.net/kcms/detail/46.1068.S.20240530.1707.006.html.

[3] PAPALEXIOU S M, AGHAKOUCHAK A, TRENBERTH K E, FOUFOULA-GEORGIOU E. Global, regional, and megacity

trends in the highest temperature of the year: Diagnostics and evidence for accelerating trends[J]. Earth” s Future, 2018, 6(1): 71-79.

(4] By o R 75 = 2 e T R R R ) 22 I T RUBEAR A S TR AT (D], 22 Z2H K%, 2023.

JIA Zikang. Multi-timescale variations and forecasts of summer extreme high-temperature and surface air temperature in Southern

China[D]. Lanzhou: Lanzhou University, 2023.

(5] LLF0, A-56R0, EMSTE, BRis, xIZ&H, W, BRE0, S TP &0 SO M SR MO S R AR S8 BT SR )], 7S

Jegol 24k, 2023, 32(12): 1933-1942.

JIANG Li, NIU Xiangian, WANG Pengbo, CHEN Ting, LIU Xinming, XIE Qian, CHEN Qingxi, LEI Yan. Effects of windows

opening on photosynthetic characteristics and fruit quality of grape plants in greenhouses[J]. Acta Agriculturae Boreali-occidentalis

Sinica, 2023, 32(12): 1933-1942.

[6] FBAER. ANFRIHE] S AP R SETUBIEAN B FOCEOR PIRA FIZR B LA SE D). Mivk: PHABRMREHER:, 2023.

GUO Weichen. Evaluation of fruit texture of different grape varieties and comparative study on two different trellis system of
‘Shine-Muscat’ [D]. Yangling: Northwest A & F University, 2023.

(71 K. MIZRAN R 2R R A T R A5 eI MO & B BT T (D). AT AR, 2020.

ZHANG Jie. Impacts of canopy shapes on canopy structure, light interception and photosynthetic capacities for pergola trellis

grapevines based on digitizing and modelling[D]. Shihezi: Shihezi University, 2020.

[8] A4, RIL, XU, Vi, AR, st WEMEA LN PoMEE 58 &, 2021(2): 40-45.

ZHENG Ting, WU Jiang, LIU Fanqi, XU Yingzhi, LI Shengbao, FANG Jinggui. Introduction and application of training system on

grapevine[J]. Sino-Overseas Grapevine & Wine, 2021(2): 40-45.

[9] #&#, B, £, XAHE, BEK, BN, S8, SIBR. B R R A AL B SR T A PR A AR

FRED]. SRR, 2023, 40(12): 2638-2651.

XU Chao, YANG Zaigiang, WANG Yuting, LIU Buchun, YANG Huidong, TANG Yuqing, HU Xinlong, HU Zhongdong.

Physiological response to high temperature and heat tolerance evaluation of different lines in Nanfeng tangerine[J]. Journal of Fruit

Science, 2023, 40(12): 2638-2651.

[10] GU L H. Comment on “Climate and management contributions to recent trends in U. S. agricultural yields” [J]. Science, 2003,

300(5625): 1505.

[11] HAVAUX M, TARDY F. Temperature-dependent adjustment of the thermal stability of photosystem II in vivo: possible

involvement of xanthophyll-cycle pigments[J]. Planta, 1996, 198(3): 324-333.

(12] #ff, REE%E, AHEYE, 520N, IR S AN R LS5 B e )], P AR 233, 2019, 35(13): 74-77.

ZHA Qian, XI Xiaojun, HE Yani, JIANG Aili. High temperature in field: effect on the leaf tissue structure of grape varieties[J].

Chinese Agricultural Science Bulletin, 2019, 35(13): 74-77.

(13] ke, FAPAS R BB RS A T 05 A il il 3& S PEAN (D], e WHLIMIE RS, 2011.

MENG Xiangli. Comprehensive evaluation of the tolerance of sweet cherry drafted on five different rootstocks under drought,

waterlogging and high-temperature stress by subordinate function values analysis[D]. Jinhua: Zhejiang Normal University, 2011.

[14] B8, MROCHR, WhZ8, TR AS[REBE AL B s R LRy RS 4 S P ZE R RS A T]. RIS, 2012, 32(4):

410-414.



HE Anna, LIN Wengiang, YAO Yi, TAN Xiaoli. Gas exchange and leaf structure of Saxifraga stolonifera Curt. under different
temperatures[J]. Bulletin of Botanical Research, 2012, 32(4): 410-414.

[15]XUY, ZHAN CY, HUANG B R. Heat shock proteins in association with heat tolerance in grasses[J]. International Journal of
Proteomics, 2011: 529648.

[16] £, HETRE, W, RN MW AMEPERD]. smfll R4 (BARRREE) , 2013, 28(5): 719-726.
WANG Tao, TIAN Xueyao, XIE Yinfeng, ZHANG Wangxiang. Research advance on heat-stress tolerance in plants[J]. Journal of
Yunnan Agricultural University (Natural Science), 2013, 28(5): 719-726.

[171HELM K W, LAFAYETTE PR, NAGAO R T, KEY JL, VIERLING E. Localization of small heat shock proteins to the higher
plant endomembrane system[J]. Molecular and Cellular Biology, 1993, 13(1): 238-247.

[18] SULEMAN P, REDHA A, AFZAL M, AL-HASAN R. Temperature-induced changes of malondialdehyde, heat-shock proteins
in relation to chlorophyll fluorescence and photosynthesis in Conocarpus lancifolius (Engl.)[J]. Acta Physiologiae Plantarum, 2013,
35(4): 1223-1231.

(191 XAV, RO i A8 (KM 57 S i AMLERBE T [D]. B : TR, 2014,

LIU Dongfeng. Studies on the pesponse of sand pear to high-temperature and heat-tolerance mechanism[D]. Hangzhou: Zhejiang
University, 2014.

[20] OGAWA D, YAMAGUCHI K, NISHIUCHIT. High-level overexpression of the Arabidopsis HsfA2 gene confers not only
increased themotolerance but also salt/osmotic stress tolerance and enhanced callus growth[J]. Journal of Experimental Botany, 2007,
58(12): 3373-3383.

[211PILLET J, EGERTA, PIERIP, LECOURIEUX F, KAPPEL C, CHARONJ, GOMESE, KELLERF, DELROTS,
LECOURIEUX D. VvGOLS1 and VvHsfA?2 are involved in the heat stress responses in grapevine berries[J]. Plant & Cell Physiology,
2012, 53(10): 1776-1792.

[22] VEEEE, PR, AFerEe. SCEHLIX 10 FhIEAREEAR I Fr 25 M S PR E SR KRBT F[0]. AR, 2019, 37(1): 70-78.
FAN Zhixia, CHEN Yueyue, FU Heling. Study on drought resistance and leaf structure in 10 species of garden shrubs in Chengdu[J].
Plant Science Journal, 2019, 37(1): 70-78.

(23] a4 EWERAAKRFEMERM]. b5 mEHH R, 2000

LI Hesheng. Principles and techniques of plant physiological biochemical experiment[M]. Beijing: Higher Education Press, 2000.
[24] LIVAK K J, SCHMITTGEN T D. Analysis of relative gene expression data using real-time quantitative PCR and the 2-°<T
Method[J]. Methods, 2001, 25(4): 402-408.

[25] WAfEAR. AMIREAE I i a6 %) 4 i AR B AR AR 2 [D]. 2822 AR AR EE, 2020.

YANG Yagqian. Effects of exogenous spermidine on physiological and biochemical characteristics of grape seedlings under high
temperature stress[D]. Taian: Shandong Agricultural University, 2020.

[26] H75. il B sxd v AL S A 4 2L PR R FE D SR IA R RS2 [D]. mat: mRUfE B TR, 2018,

XIAO Fang. Effects of high temperature stress on physiological and gene expression characteristics of grapevine (Vitis vinifera L.
Hongti) during seedling stage[D]. Nanjing: Nanjing University of Information Science & Technology, 2018.

(27] &, RBEE, RO, Wi, w5 & S S R AR A RIA R[], PEROLARRE, 2017, 5009):
1674-1683.

ZHA Qian, XI Xiaojun, JIANG Aili, TIAN Yihua. Influence of heat stress on the expression of related genes and proteins in
grapevines[J]. Scientia Agricultura Sinica, 2017, 50(9): 1674-1683.

(28] HAAES, BAUK, FRiEER. 15 LRSI AR R i G540 SRR AR IO OG R ], W HZEAS 41, 2016, 27(12): 3895-3904.
SHEN Huifei, ZHAO Bing, XU Jingjing. Relationship between leaf anatomical structure and heat resistance of 15 Rhododendron
cultivars[J]. Chinese Journal of Applied Ecology, 2016, 27(12): 3895-3904.



[29] A3, XK, FRAERI, FFHEE, EFow, FRIR, Filgpk. AFEHRIEXBOE M & e g, i KRS
JRAISEIALT]. RISk, 2015, 26(12): 3730-3736.

SHI Xiangbin, LIU Fengzhi, CHENG Cungang, WANG Xiaodi, WANG Baoliang, ZHENG Xiaocui, WANG Haibo. Effects of canopy
shapes of grape on canopy microenvironment, leaf and fruit quality in greenhouse[J]. Chinese Journal of Applied Ecology, 2015,
26(12): 3730-3736.

[30] SERK, SRAMG, EAREE, Tib, XUMEE mi e A R A OGS R AR A R[], R ARk, 2021,
38(6): 871-883.

DOU Feifei, ZHANG Lipeng, WANG Yongkang, YU Kun, LIU Huaifeng. Effects of high temperature stress on photosynthesis and
gene expression of different grape cultivars[J]. Journal of Fruit Science, 2021, 38(6): 871-883.

(31] 5KE%, KA. SR HE A G R E B R AR R[], PR AR, 2011, 24(5): 1728-1732.

ZHANG Lu, ZHANG Qixiang. Effects of high temperature stress on physiological indicators of Primula forrestii[J]. Southwest China
Journal of Agricultural Sciences, 2011, 24(5): 1728-1732.

[32] F&pE, TLBRAR, SREH i e A T i o BB & Aot G I E R R[], ERSE, 2023, 36(3): 58-63.
LEI Hu, JIANG Xiaodong, ZHANG Jianqu. Effects of regulated deficit irrigation on photosynthetic and senescence characteristics of
tomato leaves under high temperature and high relative humidity environment in summer[J]. China Cucurbits and Vegetables, 2023,
36(3): 58-63.

[33] BEAE, FRES, B, AN, TOWME, BRHEE, BEEOC WM, B RRERERAAARN 4 AN E AR FITAEA R ST K
HAHIFLI[I/OL]. S 23R, 2024: 1-13(2024-05-16)[2024-07-11]. https:/doi.org/10.13925/j.cnki.gsxb.20240144.

HUANG Xianya, CHEN Ge, HUANG Yongcai, GUI Jie, HUANG Chengmei, JU Ying, SHENG Jingwen, JIANG Ping, YANG
Liu. Effects of continuous high-temperature on flowering and fruit-setting habits and photosynthesis of four passion fruit
varieties[J/OL]. Journal of Fruit Science, 2024: 1-13(2024-05-16)[2024-07-11]. https://doi.org/10.13925/j.cnki.gsxb.20240144.

[34] #A%R . TRFHHLIX il R AR hha &4 T Aot & A B D). TEFH: JLBHAL RS, 2019.

HU Rongyun. Photosynthetic physiology of Betula platyphylla under high temperature, drought and high light stress in Shenyang
area[D]. Shenyang: Shenyang Agricultural University, 2019.

[35]CHENLS, LI PM, CHENG L L. Effects of high temperature coupled with high light on the balance between photooxidation and
photoprotection in the Sun-exposed peel of apple[J]. Planta, 2008, 228(5): 745-756.

[36] WX, BUKMH, FFF, i, S, RZEY, REE, BRL BIE PUKRTNERTEE X R v aH s A
M AR SO BRI m]. SRR, 2024, 41(3): 481-493.

ZENG Baozhen, CHENG Yongjuan, CHE Lili, YANG Juanbo, LU Shixiong, LIANG Guoping, WU Zhiguo, ZHAO Yi, MAO
Juan. Effects of nano zero-valent iron on the growth and photosynthetic characteristics of the new shoots and leaves of Pinot Noir in
Wuwei production area[J]. Journal of Fruit Science, 2024, 41(3): 481-493.

[37] FAL. BRKEFT TR L HE6 & RE SO E PR AR EREMA[D]. MAt: FIRtAOloRe:, 2008,

WANG Hong. Study on the photosynthesis characteristics and relative physiological index of red-leaf peach under drought stress in
summer and autumn[D]. Nanjing: Nanjing Agricultural University, 2008.

[38] sk&HE, L, BEHH, LM, VICP, KAE, B, Ei-F siEpa S50EMSGR NEER B EE T
JeE R MRS A TR L], R 224, 2015, 32(4): 590-596.

ZHANG Ruijia, LI Ying, YU Xiuming, LOU Yusui, XU Wenping, ZHANG Caixi, ZHAO Liping, WANG Shiping. Effects of heat
stress and exogenous brassinolide on photosynthesis of leaves and berry quality of ‘Kyoho’  grapevine[J]. Journal of Fruit Science,
2015, 32(4): 590-596.

[39] Mk A1k, MW, KRB, DHk MmN E R R R4 0 & PsHSP 2R IA[T]. TR EER, 2021, 38(4):
802-811.



HAO Lihui, DONG Bin, ZHU Shaohua, MA Jin. Transcriptome analysis and PsHSP gene expression of Paeonia suffruticosa in
response to high temperature stress[J]. Journal of Zhejiang A & F University, 2021, 38(4): 802-811.

[40] SAKUMAY, MARUYAMAK, QINF, OSAKABEY, SHINOZAKI K, YAMAGUCHI-SHINOZAKI K. Dual function of an
Arabidopsis transcription factor DREB24 in water-stress-responsive and heat-stress-responsive gene expression[J]. Proceedings of the
National Academy of Sciences of the United States of America, 2006, 103(49): 18822-18827.

[41] b, AR, AeuEar. & LAY RHE R T A6 & R AE S LB ENLHI]. 22K 5 SRR, 2015, 37(1): 46-54.
TANG Ting, ZHENG Guowei, LI Weiqi. The thermotolerance and repair mechanism of photosystem in alpine plant Arabis paniculata
(cruciferae)[J]. Plant Diversity, 2015, 37(1): 46-54.



	1 材料和方法
	1.1试验材料与处理
	1.2测定项目与方法
	1.2.1高温期间温湿度监测
	1.2.2高温前后叶片组织结构观测
	1.2.3光合色素含量测定
	1.2.4光合作用测定
	1.2.5叶绿素荧光参数测定
	1.2.6抗逆基因表达分析

	1.3数据处理

	2 结果与分析
	2.1 夏季不同架形葡萄叶幕温湿度比较
	2.1.1 叶幕温度
	2.1.2 叶幕湿度

	2.2 高温对葡萄叶片解剖结构的影响
	2.3 高温对葡萄叶片光合色素含量的影响
	2.4 高温对葡萄叶片光合参数的影响
	2.5 高温对葡萄叶片叶绿素荧光参数的影响
	2.6 高温对葡萄叶片抗逆基因表达的影响
	2.6.1 热激蛋白HSP基因的表达分析
	2.6.2 热激转录因子HSF基因及GLOS1的表达分析

	2.7 光合色素、光合荧光参数与抗逆基因间的相关性分析

	3 讨 论
	4 结 论

