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Different trellis systems on canopy microclimate and heat stress-respond-

ing physiology of Shine Muscat grape
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Abstract: [Objective] With the ongoing impact of global warming, the frequency of extremely hot
weather during summer have increased, and heat injury has become a significant disaster affecting
grape production. Particularly in the southern regions, where grapes are primarily cultivated in con-
trolled environments like greenhouse, and the relatively enclosed conditions intensify high-temperature
stress (HTS). Therefore, studying how adult grapevines respond to HTS in natural surroundings is cru-
cial. Assessing the physiological response of adult grapevines to HTS and choosing trellis systems that
minimize HTS 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 collected from June to August. Subsequently, the levels of photosynthetic pigments,

photosynthetic parameters, chlorophyll fluorescence parameters, and the expression of resistance genes

st #s HH#A:2024-05-31 132 HH#A:2024-08-13
E &A1 )14 B SRS & (2020JDPT0004) ; P9 144 FHE THRITH (2021YFYZ0023) « B 5 IR AR Ml 37 Ak & 19 117K
RAHTHIBA (scextd) 5 PU 1148 5 S0 & 550 H (2022 YFN000S)
EE Y D8, 20 1A LW AU B 7 1) D A AR FIAE S . E-mail:912778396@qq.com
*JB{E1E& Author for correspondence. E-mail : x11vjj@163.com



H12H BOEe A NIRRT BH O O A A R A AR v UL R I A B R 2445

[heat shock protein genes (Hsp), and heat shock transcription factor genes (Hsf), GLOSI] were as-
sessed. Changes in leaf tissue structure of different tree shapes before and after high-temperature occur-
rence 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 frequency of temperatures above 40 °C in Fs canopy decreased by 45.07% and
46.20% compared to those in Vs and Hs, respectively. 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 show-
ing 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%, respectively. 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 the three trellis systems first showed an upward trend and then a downward
trend. Similarly, the net photosynthetic rate (P,), stomatal conductance (G), transpiration rate (7;) and in-
tercellular CO, concentration (C)) also first showed an upward trend and then a downward trend. The de-
crease in P, observed in the leaves of all the three trellis systems at the end of the stress period was ac-
companied by a significant decrease in G, T;, and C,, indicating that stomatal limiting factors were the
primary reason for the decrease in P,. Then, the results of correlation analysis showed that P, was signif-
icantly positively correlated with photosynthetic pigment content and photochemical efficiency. Howev-
er, no significant correlation was observed between P, and G, T,, and C;, which suggests that non-stoma-
tal limiting factors such as the reduction of photosynthetic pigment content and the impairment of the
photosynthetic apparatus also caused the decrease in P.. During the experiment, the chlorophyll and ca-
rotenoid contents were highest in Fs, followed by Vs, and lowest in Hs. The photosynthetic pigment
contents of Fs were 6.74% and 49.87% higher than those of Vs and Hs after 6 days of HTS, respective-
ly, and P, of Fs was 14.21% and 76.22% higher than those of Vs and Hs after 15 days of HTS, respec-
tively. Initial fluorescence (F£,) and non- photochemical quenching coefficient (NPQ) constantly in-
creased. The maximum fluorescence yield (F.,) and photochemical quenching coefficient (¢P) increased
first and then decreased. The maximum energy conversion efficiency (F./F.), potential photochemical
activity (F./F,) and actual photochemical efficiency (@esn) remained stable in the early stages of HTS
but decreased rapidly later. The ETR first decreased slightly followed by a slight increase, and then a
rapid decrease after 6 days of HTS. During the period of HTS, the change range of the chlorophyll fluo-
rescence 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 resis-
tance genes in the leaves of all three trellis systems. The relative expression levels of VvHSP17.9 and
VvHSP90 increased, but the other heat shock protein genes (VvHSP22, VvHSP70, VvHSP100, and VvH-
SP101) and three heat shock transcription factor genes (VvHSFAI, VvHSFA2, and VvHSFBI) along with
GLOS1 showed a general trend of first increasing followed by a decreasing trend. Compared to Vs and
Hs, Fs showed the highest up-regulation of the nine genes mentioned above except for Y'vHSP100 under
HTS. The expression levels of V'wvHSP22, VvHSP101, VvHSFAIl, VvHSFA2, VvHSFBI, and GLOSI were
significantly higher in Vs than those in Hs. Conversely, the expression levels of VvHSP17.9 and VvH-

SP70 were significantly lower in Vs than those in Hs. The results of correlation analysis indicated that
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VwHSP70, VvHSP101, and VwHSFBI were significantly positively correlated with Chl a, Chl b, Car, P,
G,, C, F., and gP. Conversely, VYvHSP17.9, VvHSP90, VvHSFAI, and GOLS1 exhibited significant nega-
tive correlations with F\/F, F\/F,, @i, and ETR. VVHSP22, VvHSP100 and VvHSFA2 showed no signif-
icant correlation with photosynthetic pigments, photosynthetic parameters, or chlorophyll fluorescence
parameters. Under high-temperature treatment, the canopy temperature was lower and humidity 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 PSII 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 photo-
synthesis of the three trellis systems. Compared with Vs and Hs, Fs had stronger resistance to HTS and
was more adaptative to high-temperature environments. Hs had the lowest heat resistance.
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Table 1 The sequence of primers for PCR analysis of target genes in grape

H #9258 G35 i (5-3) i 9(3-5) 51 FClR
Target gene Accession number Forward primer sequence (5'-3") Reverse primer sequence (3'-5") Reference
VvHspl7.9 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]
VvHspl01 NM_001280893.1 GGACATGATGAAGGTGGGCA TCCTGACACTCCCGCATCTA
VvHsfAl GTCTTCGGCAATCTCCTC GCTACTCCACGATACCACC [26]
VvHsfA2 XM _010650040.3 GGAGGGTCGAATGCAGAACA CAGTCTGAAGGCGTTGCAAC
VvHsfBI TGCGAGGAGCTGATAGCG TCACCAACCAACCCACCAT [26]
VwGOLS1 XM_002279078.5 CCGAGAACCAGACCCAGTTC TGCATGTTGTCCTCCTTCCC
VwGAPDH TTCCGTGTTCCTACTGTTG CCTCTGACTCCTCCTTGAT [27]
L DAl R IA A 21 EFEFEREEEHRREELLR
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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 frequency of temperature

higher than 40 °C and 45 °C of the grape canopy during the high-temperature months

SEEL) i R AR e Feril =40°C =45°C
Ry bt Average Minimum maximum Polar He 51 51
Month Treatment temperature/  temperature/  temperature/  temperature [} ji] Time/  Percentage/ I} /8] Time/ Percentage/
°C °C °C difference/°C ¢ v d %
6H VIEZE V 26.81+0.04 f  18.00£0.10e  41.40+0.11d 23.40+0.48d 2.67+0.80f 0.54+0.41h 0.00e 0.00 f
June  wogpmps 26414004 ¢ 17.80:0.00 f  39.03:0.50 f 21.23:0.50e  0.00 g 0.00 i 0.00 ¢ 0.00 f
HIEZE Hs  26.98+0.10e¢ 17.60£0.00 g  47.00£0.06a 29.40+0.06a  6.33£0.58¢  1.81£0.12f  2.00+0.58 ¢  0.16+0.04 d
7H VIES vV 29.50£0.16 ¢ 18.80£0.01 ¢ 43.90£1.06¢c  25.10£0.75¢ 11.00£1.78d  6.32+0.33¢  0.00 ¢ 0.00 f
July g ps 28.83£0.12d  1847£0.06d  41.77+044d  2330£040d  6.67¢1.53e  1.34:036g 0.01d 0.00 f
HIE4 30.02+0.21b  18.03£0.15¢  46.43+126ab 28.40+1.18ab 19.00£1.00b  7.73£0.56¢  5.00+3.46 bc 0.63+£0.54 ¢
8 H VIE4 vV 31.19+0.13a  19.90£0.16a  46.50£1.06 ab 26.60£1.89 bc 19.33£1.30ab 13.78£0.42b  9.33+4.46ab 1.48b
AUGUSE ¢ gp B 30.46£024b  19.5040.15b  45.0340.75be  25.53+0.67¢  1633+1.15¢c  7.57+1.13d  1.000.54¢  0.13+0.18 e
HIE4E Hs  31.28+0.04a 19.57+0.21 ab 48.87+220a 29.30£2.26ab 22.67+23la 14.07+0.61a 16.67+3.51a 2.46+0.62a

W F AV B 5 AN ENE FRER R 7 7 135 (p<<0.05). T,

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
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L FR R A K. RIKW,6—8 H KL 38.82%~48.91%, L V L 42V 24348 = 8.89%, L H
5502 60%~80% T 1 LU A7 4 20.39%~26.37%, bt ZE-F¥38 51 4.53% , R H A S8 5500 B2 451K, V IR 48
V LR T35 54K 4.37%, B H I8P 1518 155 17.32%, W B P SR SR B I FE LA (60%~80% ) 58
M 6—8 H KB BE HIR E >80% 0 5 Lkl v &, CSTB A5 mnig b

R3 ERNEFHERREE. &SIEEK 60%~80%EE L HIFF M
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

At A PRI BRI B 60%~80% L1 >80%LLf

Month  Treatment  Average humility/% Minimum humility/% Maximum humility/% Percentage of 60%-80%/% Percentage of >80%/%

6H VI Vs 7426054 b 25.10+0.96 cde 100a 21.25+0.36 d 46.04+1.15b

June KR Fs 75.64+0.17 a 26.10£0.00 bd 100a 20.39+0.56 d 48.91+0.60 a
HE4 Hs  73.78+0.36 ¢ 18.60+0.00 i 100 a 16.99+0.53 ¢ 48.10+0.70 a

7H VI Vs 69.01+0.57 ¢ 24.60+1.77 defg 100 a 28.29+0.52 a 35.6240.29 f

July KA Fs 71.57£0.39d 29.17+1.00 a 100 a 26.37+1.32b 40.48+1.32 ce
HE4 Hs  68.71+0.62 ef 22.47+0.91 gh 100 a 23.68+0.64 ¢ 38.49+0.98 ¢

8 H VIEZE Vs 67.58+0.56 fg 24.60+1.19 ef 100 a 25.20+1.18 be 36.36+0.85 f

August i g Fs 68314031 ef 23.10+0.52 fg 100 a 24.93£0.24 b 38.82+0.30 de
HEZE Hs  67.54£0.38 ¢ 20.27+1.95 hi 100 a 20.68+0.47 d 36.38+0.80 f
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Fig. 4 Effects of high-temperature stress on the anatomical structure of grape leaves
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Table 4 Changes in the anatomical structure of grape leaves after high-temperature treatment

Yot FiF 8] T b 5 MO 2H 2 )5 g LR 2 R T M 4L 2R 4R 4R
Treatment Time Leaf thickness/pum Palisade tissue thickness/um Spongy tissue thickness/um Palisade/Spongy tissue
VIEZE Vs B6 150.71+15.23 b 78.438+11.32 ab 47.817+£8.61 d 1.65+0.09 a

Al5 179.51+12.63 a 78.755+9.47 ab 68.755+6.12 abc 1.15£0.09 b
AL Fs B6 170.93+12.67 ab 86.755+6.59 a 57.466+7.67 bed 1.51£0.05 a

Al5 171.06£13.53 ab 79.600+12.24 ab 69.600+12.46 ab 1.07+0.10 be
HIE4E Hs B6 144.66+15.87 b 58.666+7.47 ¢ 62.533+8.38 bed 0.93+0.05 cd

Al5 186.84+9.78 a 73.155+6.77 b 89.111+14.02 a 0.82+0.07 d

B AR IR A BT KR E A AR R0 A AR A (K R AL

Note: B represents the days before heat stress ; A represents the days after heat stress.
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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. 8 Effects of high-temperature stress on the expression of HSP genes in grape leaves
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Fig. 9 Effects of high-temperature stress on the expression of HSF genes and GLOS! in grape leaves
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Fig. 10 Correlation analysis between photosynthetic pigments, photosynthetic fluorescence parameters and resistance genes
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