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Diurnal variation characteristics of photosynthesis and
chlorophyll fluorescence of six grape varieties in
greenhouse in Hotan area
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Abstract [ Objective ] The diurnal variation characteristics of photosynthesis and chlorophyll fluorescence
of greenhouse grape varieties in Hotan area were investigated, and their photosynthetic capacity was com-
prehensively evaluated, in order to provide reference for the introduction and cultivation management of

greenhouse grapes in this area. [ Methods] Six grape varieties were introduced into Hotan greenhouse as
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materials. The photosynthetic active radiation (PAR), relative chlorophyll content (SPAD), photosynthe-
sis, and chlorophyll fluorescence parameters of each variety were analyzed, and the principal component
analysis was used to comprehensively evaluate the ability of each grape variety. [Results] (1) The PAR
levels of greenhouse in different positions were in the order: Before the shed™>behind the shed>>middle of
the shed, while the overall performance in different trellis was in the order: On the trellis>>middle of the
trellis™under the trellis. (2) The SPAD values of grape leaves on different trellis were in the order: on
the trellis™ middle of the trellis™>under the trellis, while the order from high to low among varieties:
‘Crimson Seedless’, ‘Summer Black’, ‘Xinyu’, ‘Hutai 8’, ‘Sunshine Muscat’, and ‘Queen Nina’. (3)
The diurnal variation of P,, G,, and T, of each variety showed a bimodal curve, and the diurnal variation
of C, showed a U-shaped and W-shaped variation. F,/F, and F,/F, generally showed a downward trend
and then an upward trend. (4) The photosynthetic capacity of the six grape varieties was in the order:
‘Crimson Seedless” >>‘Summer Black’ > *‘Sunshine Muscat’” > *Xinyu’ > ‘Hutai 8’ >>‘Queen Nina’.
[ Conclusion ] ‘Crimson Seedless’ and ‘Summer Black’ have higher P,, G,, T,, F,, I, and lower F,/F,
and F,/F ., which are able to adapt to the Hotan environment of high temperature and high light intensity.
Key words Hotan; facility greenhouse; grape varieties; photosynthesis characteristics; chlorophyll fluo-
rescence
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Table 1 Photosynthetically active radiation at different positions and different trellis in the facility
pmol/(m” « )
. TR 5t ] o . 4
'fﬁﬁ Juﬁﬁ*?ﬁ+§<‘ me IHJKH% %ﬁﬁlg ﬁﬁﬁ?ﬂlﬁ = P j(/\ I'J" 1‘/%4‘3&]{&
Position Crimson Summer Sunshine Xinvu Queen Hutai 8 Position
: Seedless Black Muscat y Nina € mean
28 |- On the trellis 4484143.02c 561+91.50bc 713+85.32b 5484+19.61bc  960+42.39a 660+109. 17bc 648 A
S eh Middle the trellis 3504104, 83¢  4734131. 66bc 684+66.98ab  456411.02bc 855+9. 44a 5724153. 66bc 565A
48R Under the trellis 279131, 88c 4604139. 8labc 632+45.29ab 424417, 97bc  6964104.88a 481+113. 63abc 495B
M Before the shed 504£97.17b 598+20. 23b 620+21.87b 487457, 43b 855+160.42a 457485.05b 587A
MiH Middle of the shed 295468, 19¢ 531465, 41bc 663453.51ab 482+74.52bc 793+£177.33a 5524106. 81ab 553AB
MiJ5 Behind the shed 278£95.03b 365+£79.61b 74657, 21a 459+61.32b 864+66.01a 704=+85. 38a 569A
=] 7. 44
b P2 ff 359d 498c¢ 676b 476cd 837a 571bc 570

Variety mean
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Note: Different lowercase letters within same row indicate significant differences between varieties at 0. 05 level, and different uppercase

letters within same column indicate significant differences between positions at 0. 05 level.
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Different lowercase letters within same trellis indicate significant differences among varieties at 0. 05 level,

while uppercase letters within same variety indicate significant difference among trellis at 0. 05 level.
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Fig. 2 Diurnal variation of photosynthetic gas exchange parameters in leaves of 6 grape varieties
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Table 2 Load matrix of each principal component
FA E T B35y
AR Scores of each principal component
Photosynthetic
index EM 1T EMS 2 ERS S BRI 4 RIS
F, F, F, F, F,

—0. 369 0.810 —0.130 0. 246 —0.221
G, —0. 358 0.813 0.098 0.228 —0.082
C; 0.502 —0.073 0. 648 0.262 0. 005
T, —0.563 0.582 0.020 0.476 0.170
WUE 0.120 0.371 —0.275 —0.323 —0.626
F, —0.611 0. 004 0.125 —0.176 0.478
F., 0.793 0. 306 —0.033 0.096 0.291
F,/F, 0.939  0.174 —0.115  0.180 —0.028
F,/F, 0.901 0.293 —0.032 0.139 —0.057
Dpg 0.441 0.420 0.630 —0.307 0.097
aN 0.276  —0.294 —0.618 0.524 0.208
SPAD 0. 096 0.692 —0.082 —0.297 0.371
PAR —0.242  —0.298 0.633 0.451 —0.248
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Table 3

Characteristic value, contribution rate, and cumulative contribution rate of

each related photosynthetic and chlorophyll fluorescence parameters

VI UEF )7 8 i {8 Initial square load value

PR B 7 3 {8 Extracting squared load value

W A
philfpigiﬁnc W Iy % TRk TR i Iy 2 TRk Rt
index Eigenvalue 'Var'lance , (:umAulauve , Eigenvalue AVarAlance , Q,umplauve ,
contribution rate/ % contribution rate/ % contribution rate/ % contribution rate/ %
P, 3. 88 29. 86 29. 86 3.88 29. 86 29. 86
G, 2.84 22.85 51.70 2.84 21. 85 51.70
C, 1.74 13. 38 65.09 1.74 13. 38 65.09
T, 1. 26 9.73 74.81 1. 26 9.73 75.81
WUE 1.05 8.05 82. 86 1.05 8.05 82. 86
F, 0.95 7.28 90. 14
F. 0.47 3.58 93.73
F./F, 0.34 2.61 96. 33
F,/F, 0.23 1.76 98. 09
D 0.14 1. 04 99. 14
‘N 0. 06 0. 47 99. 60

SPAD 0. 04 0.31 99. 91

PAR 0.01 0.09 100. 00
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Table 4 Comprehensive evaluation of principal components of different varieties

E =N e Za TN

it ol 22 FR Scores of each principal component Comprehensive evaluation

Variety name

FWHTF, FWH2F, EFWF3F, FWH4F, FEWS5F, 4 Score  HJF Order

oHi FRJC# Crimson Seedless 1.01 0.56 —0. 86 —0.91 0. 54 0.26 1
XM Summer Black 0.29 0.41 0.21 —0.02 0.63 0.25 2
BHYEE B Shine Muscat 0.46 —0.18 0.25 0.55 —0.40 0.15 3
FiAB Xinyu —0.11 0.67 —0.23 —0.33 —0.13 0.04 4
J1AK/NE Hutai 8 —0. 37 —0.23 —0.13 —0.47 —0.29 —0.25 5
Wt 2z % Queen Nina —1.28 —1.24 0.75 1.19 —0.35 —0. 46 6

3 W B B C, TR AN P, T B2 B AL B &R Ry

3.1 EEEEMMMEEMLEEREE PARER

I A 5 )2 PAR, #E 47 5ed J2 O fi 6 R O £
AT DLz e SR AR 5 J22 X6 O 2k i 2 S O, TR SR AR AR
KR E 7 i BT 5 G RE A I TR] YOG &, X 48 3 SRR
A e A mE R Y, AR EOLER Y R
[7) 2 18 A7 P BT A G IR RN [ B e LR e A2
FIKBH E R 2, Z 818 PAR 58, 1 # 56 H 2 Al
)2 T R S BT e a2 B
N2, 8 1)E PAR 855, AR A K, 6 -4
A TEZE PAR i R BLOH R B> rh > 28
T IREREED A MU 5T 45 5, M 0 A 4 el
ANE 20 (9:00,12:00,14:00,17 :00) 3 B A7 6] 1Y 5
JZ PAR Y0 & 56 2 i BE B BEAR T 080/ . I Ah, AR
WF 34 2 BN [) 45 265 o B 22 0] 7] 5ef )2 PAR L AEAE
225, [RIRE X IR R RE A 5 0B W6 4 7 PAR I i T
SO ARTCAL T AT R PR AN [ A A 5 G b
PR35 1 R 3 AN [) 5 BOR A A H s B 25 5 L i
T RS TR AT X 58 S22 PAR 724 T S [a] A9 5% i 5
P o U 2 o AN T v B A e 2 T BE 4 R
Pl 5% o & B, o T AR A Bl i, ek )2 T B /N
SRR A RO b B A AR R S R AR A e R
DA
3.2 BEEERMAXEFKRBENAE P, THE
E i)

SALEAEY I R 5 A BT RS e )
SRS AR YN e (W N G R R (D &y
Y B RBL R R WA Y R AL,
EAILHEMAESAL W Z I FEY . RAE Far-
quhar ZE0 WS A YOG A VE R i TARALAL
AR /N I AR BL ) CO, HE A B 38 AT A fiE
WEAATERMTE R, RH P, 5 G, B, R

MR P, 5 G, BRI C 8 m T &
P, TREEHRIETIAERERN ., AR LR, 6
AN 4G ARG A R (12:00—14: 000 P, T
R F= B e R ORI, i ARG A R ] L A
A S ER AR TR MR P, 5 G, T B[R A
Rl C H TR, WHE P, TR B AL B R E R
[ 5 T 7 LG 30 a) 4 2 o B © P KNS LR RO
BRI L 2P, 5 G, FRERMERE C H
LT BRI S R PR R B AR AL R S
(R AU BT I 4 A b R e T BE 0 B 2% T AT 1 Ui
IV R I O A W R BRI, TG A A 32 3
MEFEC, Fhm . XSG ETAR R i 5T
ZEIR — B0, B 5 A H AR G R R BH e
BUOUY RS A ROR— 2, M AT ek
Ao 30 Lk 3 A B 7 AN TR T 7 A Y 25 R
3.3 BEEAEMMAEEEN B TUEE

4 R SO S BVE WO G R M 1Y B EAE A
S EY K B EEE XY, Hhs i
F,/F, A A Y 2 205640 6 0 & 2440 A
WHoE kB 6 S #ia i FO/F, ERETRE L
FHE9 HAEfE F #, HEIAE 14:00—16:00 F& %= i
. IR % 23 TV B, B8 I B
T G 5R L B e A A AR AR I ik [ Ak 7R 5 S
Rubisco {%fbH§#4 5 & = A8 4k L i B Rubisco {1k fif§
TG PR AT L 1T 7 5 B T B BRI FL/F, i 222
12 18] - 2 9] 4 7K -, Rubisco 1% £k B 36 4 MK 42, X U
W% 25 ' PSTL A A 6 3 52 6 14 R 28 2 1K 5 ) e
TE IE 2 Bk 4332 31 e 5 R 6 R i L L R
ALY TR JE A d B S RE AT A B & . Salvucci
SFUUBRTE AR R B, A6 3 Y B8 4% F R Rubisco
5 PEREARJZE T Rubisco 2% 1 A #3488 i Rubisco



8 ] SR SC, 45 A B 6 A 4 i A OG ANSR A 1R AR AE 1215

I AL ) T AL RE T BT EL

T3 A AR b 6 A 2 Rl R e S R ar R
PSR E LT R R, e hn AR T 5 R
L HAb % W M BB PG T, F,.F, #
BARW F./F, 5 F./F, . 788 H X665 68 18
SR o SRR IR DG RE T 5 R R W SR S J5 Y A
RZ— LAWK B o sm AR oK 5 IR A A
FF 5% i ik 5 kK 1% v 38 B A T 9 e T ) 3 e v
RS AR R I I O T R 5 LA 5O R
S B BOR LA RE I m IR G .

4 % B

(1) 2570 250 it ol 149 06 5 A 280 S A6 Bt 9 AN TR
(AN N IR IS T s e N iR T K A
BORRIM A LR >R,

(2) 4% 7 % 5 Bl iE B SPAD {1 75 A~ [7) 22 1 43 &

5 %30

(1] B, WA= M]. deat. shEgR A, 1999 22-24.

[2] #WE, RER, SCE, % w8 K KRR 581 KT T
ARSMEWLT] SRS, 2023, 42(1): 186-196.
YANG X Y, ZHU J C, WEN J, ez al. Analysis on character-
istics of gale climate in South Xinjiang and its influence on
sandstrom[J]. Plateau Meteorology » 2023, 42(1): 186-196.

[3] AMkaRE, B3, EME. % SAEMRREG TGRS
RYLI]. hEB S, AdrRb, 2021, 51(10): 1376-1384.
LINR C, YANG W Q, WANG B C, et al. Advances and
perspectives in several areas of photosynthesis research[]].
Scientia Sinica (Vitae), 2021, 51(10); 1376-1384.

(4] WS, BZR, B4, 5. WP A K 2O & mEmn
gml)]. TRRERERSHEE, 2023, 37(8): 145-152.
GU X D, LV D, ZHAO H. et al. Influence of shading on
growth and photosynthetic characteristics of Reaumuria soon-
gorica seedlings[J]. Journal of Arid Land Resources and En-
vironment » 2023, 37(8): 145-152.

(5] Tfi, RN, A50E, % RIR A% 2S804 Rk 0 X Lo
FEWARLT]. A4 SR A, 2017(4) : 28-31.
WANG M. SU C C. SHI X H. et al. Preliminary study on
photosynthetic characteristics of different types of grapes[]].
Sino-Overseas Grapevine & Wine , 2017(4) ; 28-31.

L6  Eli, Fak, XI55, & jCa st X e R 5% 4l 40 v 01 0% & R bk
Kt Fo6 AT L], LRl R 4, 2022, 50(14): 122-131.

[i) 26 B AR 4 1 30 > A e > L 7 R ) 2 B
HCBERR AR TR > AR > PR S >
CPHYCEEL > UR IR 5

OBHH S P, G, T, 5 B X i £
A bt BB ATTER 1 Wk s W I E] 2 BAE 100005
6 A AN WUE H 28 4R W), A < 5 3
FRICHZ A BH G BB 7 5L B0 X006 b £ 114 28 1b A,
by s b G B @ B

(DM RIOCSE(F ) SRR T &G
FEMr H k&% mi F,/F, 5 F,/F,, &k 2
WA T RESE T st ka3 45 4 4 R PSTT 52 B
Sk B T RCENE R 0. 36~0. 78, H. & ] 45 4k,
AR,

(5) £ F6 SRR F 5 43 B R W) 6 A~ 4
At BRI B BE T 3R 55 T A C e B AR IO > R
= CPEEECEL > CHAR > RS > R R

WANG P, WANG J, LIU F, et al. Analysis of photosynthet-
ic characteristics and low light tolerance of grape seedlings un-
der rain-shelter cultivation in Chengdu areal J]. Jiangsu Agri-
cultural Sciences, 2022, 50(14) . 122-131.

(7] #ML, HER, KM, & RENEHE T 2 Rk T 4 A X R
AL EAEIEL ] K. 2020(11) : 53-58.
YANG F, TIAN J C, ZHU H, et al. Effects of different drip
irrigation methods and water and fertilizer combination on pho-
tosynthesis and yield of wine grape[J]. Water Saving Irriga-
tion, 2020(11): 53-58.

[8] i, RaEE, AR, & KRFEER S b X8 % A K964

P22 RWEFELI]. dEI5R 2, 2022(24) « 24-32.
XIE H, ZHU X H, BAI S J, et al. Study on differences of
photosynthetic and fluorescence characteristics of grape in dif-
ferent cultivation areas [ J|. Northern Horticulture, 2022
(24) . 24-32.

Lol #alat, SO, b, & RIERI AT 3 A H4A R ALE

PR L] LT, 2017(23) « 87-93.
GUO K B, WEN Z, LIS, et al. Photosynthetic characteris-
tics of three grape cultivars grown in greenhouse[]]. Northern
Horticulture , 2017(23): 87-93.

[10] Z3cde, skim. Kok, 4. POdLT 5 X8 4 Ot & doR A8

e R E R ], )RR, 2022, 42(12): 2157-2166.
QIN W H, ZHANG Y, ZHU Y T, et al. Variation of net

photosynthetic rate of grape and its influencing factors in arid



1216

Wmode oW

S

44 %

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

area of Northwest Chinal J]. Guihaia , 2022, 42(12): 2157-
2166.

LINN A I, ZELLER A K, PFUNDEL E E, et al. Features
and applications of a field imaging chlorophyll fluorometer to
measure stress in agricultural plants[J]. Precision Agricul-
ture, 2021, 22(3): 947-963.

FEEEE, A, BRE, SF. MR M E R R ATE i R BT A A
fiG P 56 A 9Ot S B AR L) ] AR JU MOk R % 2% ik,
2023, 51(11): 102-108.

XINJ P, L1Y, ZHAO C, et al. Variations in antioxidant
enzyme activities, photosynthesis, and fluorescence parame-
ters in acute Cd-treated Monochoria korsakowii leaves[]].
Journal of Northeast Forestry University, 2023, 51(11):
102-108.

ETrHE, SEmat, B, . 3 R BAE YO A R s R PO
X T 5 38 A e N R B R SE A LT ], PH AR A F AR, 2021,
41(10) : 1755-1765.

WANG F L, CHAI C W, ZHAO P, et al. Photosynthetic
and chlorophyll fluorescence responses of three desert plants
to drought stress and evaluation of drought resistance[]].
Acta Botanica Boreali-Occidentalia Sinica, 2021, 41(10):
1755-1765.

T, R, MR, AE. ORE AR 200 ¢ BH G HosL A e gt
HPOCFER R ALT]. BB . 2023, 60(1): 96-104.
YANG X, SU X D, LIP C, et al. Effects of different culti-
vation posture on chlorophyll fluorescence characteristics of
*Shine Muscat’ grape[ J]]. Xinjiang Agricultural Sciences ,
2023, 60(1): 96-104.

W, S, SRk, S T RIEE T L A DOL A R g %
JeS BT, PR 24, 2022, 31(11) : 1435-1442,
PAN Y. GUO J, ZHANG H, et al. Comparison of photo-
synthetic and chlorophyll fluorescence parameters of Vitis
amurensis Rupr. under arid environment[ ]J]. Acta Agricul-
turae Boreali-Occidentalis Sinica, 2022, 31 (11): 1435-
1442.

BBt ot WAL B LR 40 R R A XA SF- TR
BWAELT]. HbERER2, 2023, 48(1): 359-374.

WEI H, L1]J G, TAN H C. Channel morphological evolution
in confluence area of Hotan River in Tarim Basin[J]. Earth
Science s 2023, 48(1): 359-374.

MHL. R IX 2020 4F 4 A 1723 H $REE K S SGE R4 BT
(1. Alb 9 FWF 9T, 2022, 12(7): 146-148.

XTAO Y. Analysis of heavy precipitation weather process in
Hetian Area from April 17 to 23, 2020[J]. Jowrnal of Agri-
cultural Catastrophology, 2022, 12(7) . 146-148.

KL, XUSEE . ZEm . 4. O d A A I B AL i A T

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

(V). Rl TR%HH, 2023, 39(8): 20-31.

SUN G, LIU H, LI L, et al. Definition of photosynthetical-
ly active radiation (PAR) and its development progress[]].
Transactions of the Chinese Society of Agricultural Engi-
neering » 2023, 39(8): 20-31.

A, SR, TR, . MBI BT R A A N E
SRR A A B RN OS], b AR B R,
2021, 37(4): 28-36.

HE Y H, ZHOU X F, ZHANG J C, et al. Angle effect
analysis on estimating canopy chlorophyll content of winter
wheat by vegetation index methods[J]. Geography and Geo-
Information Science, 2021, 37(4) . 28-36.

EHAE, BREDT, MG, L ORFSEO B R O S
HAEREIWEELT ], 73 THIYI T Al 2017, 15(9) : 3654-3659.
WANG Z L, CHEN J F, LIN J Y, et al. Study on diurnal
changes of chlorophyll fluorescence parameters of different
cultivars of flowering Chinese cabbage varieties[ ] ]. Molecu-
lar Plant Breeding , 2017, 15(9): 3654-3659.

WRite, T, 00, 5. WG A T Aot 4 2258k
ZHRH BRI SHBE IR EBFR, 2019,
39(15): 5603-5615.

CHEN J H, WANG S Q, L1Y, et al. Diurnal changes in
chlorophyll fluorescence parameters and their relationships
with vegetation productivity in subtropical coniferous planta-
tions[J1. Acta Ecologica Sinica» 2019, 39(15): 5603-5615.
A, AR ML deat. P E RO R . 2008 77-
78.

SKERE, BRAL, T HIE, 55, Podb 5 X 4 Fel K Bk
ABERILTD. KA, 2013, 44 1) . 40-50.

ZHANG Y Q, KANG SZ., DING R S, et al. Coupling simu-
lation of water and carbon flux in vineyards in arid areas of
Northwest Chinal[ J]. Journal of Hydraulic Engineering ,
2013, 44(Suppl. 1) : 40-50.

Mo dE, FRE, MO, & RRE R R 258 KL
S RELT]. PEdbARL AR, 2017, 26(7): 1020-1025.
YANG Z Q, LI CK, XU F F, et al. Canopy structure and
photosynthetic characteristics of different sesame cultivars
[J]. Acta Agriculturae Boreali-occidentalis Sinica ., 2017,
26(7): 1020-1025.

TRerde, St BRfd, % AW OC S 1E IR E R 5
A= RS BERELT ], AEAS A 2023, 43(12) ¢ 5186-5199.
XING H S, WU J M, CHEN ], et al. Research progress on
limiting factors of plant photosynthesis and vegetation pro-
ductivity[J]. Acta Ecologica Sinica, 2023, 43(12);: 5186-
5199.

I, A, KN E, S Y RO A ER RIS AR



8 1

SR SC, 45 A B 6 A 4 i A OG ANSR A 1R AR AE

1217

[27]

(28]

[29]

[30]

[31]

AALIRF T LRIR )], TRIXBIGE, 2018, 35(4): 929-937.
GAO G L, FENG Q, ZHANG X Y, et al. An overview of
stomatal and non-stomatal limitations to photosynthesis of
plants[J]. Arid Zone Research, 2018, 35(4): 929-937.
FARQUHAR G D, SHARKEY T D. Stomatal conductance
and photosynthesis[ J]. Annual Review of Plant Physiolo-
gy, 1982, 33, 317-345,

NG AT, HIRCE, & ek 5 H BRI R
WA B AAMMA T LT]. W AeHol B, 2014 % T D .
43-46.

NIE SQ. SHI X H, TIAN S F, et al. Study on diurnal vari-
ation of photosynthesis of ‘Red Earth’ and ‘Summer Black
Seedless” maturity[ J]. Journal of Hebei Forestry Science
and Technology . 2014(Suppl. 1) : 43-46.

HE, g, BESAR, & ORFEE O I 2O e AR A
A R O A R R S BT S L] IR ARk B
2022, 50(19): 149-155.

LIH, LIHY, YAO H D, et al. Effects of different heart-
picking methods on leaf photosynthetic characteristics and
fruit quality of ‘Crimson Seedless’ grape[J]. Jiangsu Agri-
cultural Sciences, 2022, 50(19): 149-155.

FERGE . BTAGHER SN 7 « BT TIoK$, 3%, 5. A
3R 7 A A A RO SRR L) ). P E RO R
4z, 2023, 25(7): 63-76.

LU Q Q, Abuduwaili Abulimiti, HOU Y X, et al. Research
of the photosynthetic characteristics of 7 table grape varieties
under compound salt-alkali stress[J]. Jouwrnal of Agricul-
tural Science and Technology, 2023, 25(7): 63-76.
ZEEETE, LR, WRIR MG F UGB AR A A P B W iy
REAILI]. Rl 5H A, 2023, 43(5): 7-9.

LI Z Q, WANG J Q. Application of chlorophyll fluorescence

technology in crop growth monitoring[ J]. Agriculture and

[32]

[33]

[34]

[36]

Technology, 2023, 43(5): 7-9.

KOCHEVA K, KARTSEVA T, NENOVA V, et al. Nitro-
gen assimilation and photosynthetic capacity of wheat geno-
types under optimal and deficient nitrogen supply[J]. Physi-
ology and Molecular Biology of Plants: An International
Journal of Functional Plant Biology, 2020, 26(11): 2139-
2149.

EIHL, W, AR, G PUIEEL N R B I Ak R )y ot
GRIOCSH U], L, 2022(19) : 41-46.
YAN X K, LUM Y, WU C H, et al. Comparsion on chlo-
rophyll fluorescence characteristics on the cold-resistant pear
varieties in autumn[ J]. Northern Horticulture , 2022 (19):
41-46.

SALVUCCI M E, CRAFTS-BRANDNER S J. Inhibition of
photosynthesis by heat stress: The activation state of Rubisco
as a limiting factor in photosynthesis[J]. Physiologia Plan-
tarum , 2004, 120(2) . 179-186.

SRERER, JRAE, MR, AL ARG E B A HOLER
B RS BT 22 S B LT ). B 3 RO B
2022, 59(8): 1889-1895.

ZHANG ] Q. SU X D, LIP C, et al. Study on the variation
of greenhouse temperature and fruit quality difference of
‘Summer Black’ grape with two-harvests-a-year in southern
Xinjiang[]]. Xinjiang Agricultural Sciences, 2022, 59(8)
1889-1895.

IR RUR « nkRah, AR, AR, 9 AN AT R TR L
b DB A5 10 T iR A e S Bt g [T ). AN A S
HHIW . 2016(6): 35-37.

Ainiwar Turfan, BAI S J, CAI J S. Comparison of cultiva-
tion characteristics and quality of nine grape varieties under
protected conditions in Turpan Areal J]. Sino-Owverseas Gra-

pevine & Wine, 2016(6): 35-37.



