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Abstract: [Objective]Protected cultivation is an important cultivation mode in grape production. Poor
light and high temperature stresses are two urgent problems to be solved in protected cultivation. Photo-
synthesis is a very important metabolic process in plants, which can be used as an index to judge plant
growth and stress resistance. In order to provide theoretical support for selection of suitable cultivation
modes for different grape varieties, photosynthetic characteristics of eight cultivars were studied to eval-
uate their low light tolerance and high temperature resistance. [Methods] One-year-old grapevines of
Shine Muscat, Summer Black, Ruiduhongyu, Miguang, Wagamichi, Sweet Sapphire, Gold Finger, and
Jumeigui planted in pots were used as the experimental materials. After the plants was above one meter

in height, the mature leaves in the middle of shoots were selected to determine the light response curve,
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and diurnal variation of net photosynthetic rate (P,) under natural, shade or high temperature conditions
in single-span greenhouse using a portable photosynthesis system on sunny days. The light compensa-
tion point (LCP), dark respiration rate (R.), apparent quantum efficiency (AQY), light saturation point
(LSP) and maximum net photosynthetic rate (P.) were calculated through a hyperbolic modified model
from the light response curves. Meanwhile, the light intensity and air temperature were recorded with a
portable HOBO recorder. [Results] The net photosynthetic rate of the eight grape varieties increased
first and then tended to be stable with the increasing of the photon flux density (PFD). Different grape
varieties showed different P, under the same PFD. The LCP, Rs, AQY, LSP and P.. could be good indica-
tors to reflect photosynthetic performance of different grape varieties under low light and high light in-
tensities. The LCP of Jumeigui was the highest of all, which was 58.7 pmol - m?-s"'. The LCPs of Wa-
gamichi, Summer Black, Shine Muscat and Ruiduhongyu were medium. Miguang, Sweet Sapphire and
Gold Finger had lower LCPs than the other varieties, which ranged from 29.6 pmol - m™ s to 35.9
umol - m?-s”'. The R, ranged from 1.60 umol - m™-s"' to 2.02 umol - m™- s in the eight grape varieties.
Those of Wagamichi, Jumeigui, Shine Muscat, Summer Black and Miguang were higher than the other
grape varieties, and Gold Finger had the lowest R.. The AQY of Sweet Sapphire, Gold Finger, Miguang
and Shine Muscat was higher than the other varieties, which was above 0.050; that of Wagamichi, Sum-
mer Black and Ruiduhongyu was medium; and Jumeigui had the lowest AQY, which was 0.038. There
was a significant positive correlation between LCP and R, and an extremely significant negative corre-
lation between LCP and AQY. Under shade condition, the P, of Wagamichi and Jumeigui were lower
than that of the other varieties, and Gold Finger and Ruiduhongyu had the highest P, among the tested
varieties, which was consistent with the results of the LCP for most of the varieties. The LSP of Jumei-
gui was the highest, which was 1 409.1 pmol-m?-s™. LSP of Summer Black and Ruiduhongyu was low-
er than that of the other varieties, which had a LSP below 1200 pmol-m™-s™'. Different grape varieties
had different P,. The P, of Sweet Sapphire and Wagamichi, which was 15.6 umol - m?-s™' and 14.3
umol - m™- s, respectively, was higher than that of the other varieties. P, of Ruiduhongyu, Shine Mus-
cat, Jumeigui and Summer Black was lower than the other varieties. The daily maximum P, of Sweet
Sapphire and Gold Finger was the highest, which was 15.9 umol-m?-s"and 15.7 pumol - m™-s”, respec-
tively. The daily maximum P, of Miguang, Ruiduhongyu and Wagamichi was medium, and that of Sum-
mer Black, Shine Muscat and Jumeigui were the lowest, below 12.0 umol-m™-s". P, was generally con-
sistent with P,, for most of the varieties. Under high temperature conditions in the greenhouse, the P, of
Gold Finger, Miguang and Ruiduhongyu were higher than that in the open field at most of the time
points, while the P, of Jumeigui, Shine Muscat, Summer Black, Sweet sapphire and Wagamichi in the
greenhouse were lower than that in the open field at most of the time points. [Conclusion]Gold Finger
and Ruiduhongyu have good low light tolerance and high temperature resistance and are suitable for
protected cultivation. Sweet Sapphire has good low light tolerance, but poor high temperature resis-
tance, and is suitable for early and delayed protected cultivation. Miguang has medium low light toler-
ance and good high temperature resistance, and is suitable for rain-shelter cultivation. Summer Black
and Shine Muscat have medium low light tolerance and poor high temperature resistance, which are
suitable for early protected cultivation. Wagamichi and Jumeigui have poor low light tolerance and high
temperature resistance, and are not suitable for protected cultivation.
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Fig. 1 Response curves of net photosynthetic rate (P,) to photon flux density (PFD) for different grape cultivars
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Table 1 Photosynthetic characteristic parameters of different grape cultivars
e ﬁ‘@%l\%)ﬁ _ ﬁ‘@?@fru by . Fiﬁ@j‘ﬁéﬁii H%H‘?“”&iiéﬁ . FMETRE
Cultivars Light compensation Light saturation Maximum net photosynthet- Dark respiration Apparent quantum
point/(umol -m?-s™) point/(umol-m?+s™) ic rate/(pmol-m*-s™) rate/(pmol-m*-s") efficiency

448 Gold Finger 29.643.1 ¢ 1268.7+146.2 abc  13.740.9 abc 1.60+0.11 ¢ 0.0590.003 ab
Fill % W5 % A1 Sweet Sapphire  30.4+1.1 ¢ 1407.8£19.6a 15.6£13a 1.88+0.06 ab 0.067+0.004 a
% J¥; Miguang 35.9+3.0 be 1 293.7+70.8 abc 12.5+0.7 abed 1.91+0.05 ab 0.059+0.005 ab
Fifi #B 41 Ruiduhongyu 38.743.1b 1120.9+87.0 ¢ 12.1£1.2 bed 1.76+0.13 be 0.050+0.007 bc
BHY6H B Shine Muscat 41.9£3.8 b 1 228.5+33.0 abe 12.0+0.3 bed 1.96+0.11 ab 0.052+0.008 abc
¥ ¥ Summer Black 43.442.1b 1 186.0+22.1 be 10.1+0.9 d 1.94+0.04 ab 0.050+0.002 be
R2 2151 Wagamichi 43.542.7b 1 349.7+25.2 ab 14.3+1.6 ab 2.02+0.07 a 0.051+0.005 be
FE I Jumeigui 58.7+0.9 a 1409.1+£36.3 a 10.8+0.8 cd 2.01+£0.02 a 0.038+0.000 ¢

I ARNG PRSI A Z R 23 (p<0.05). .

Note: Different small letters represent the existence of significant differences among the same indicators (p < 0.05). The same below.
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Table 2 Correlation analysis of photosynthetic parameters in different grape cultivars

o B JEAME T SR RREE A EE IR I T T RE
= . Light compensation Light saturation =~ Maximum net Dark respiration Apparent quantum
Photosynthetic parameters - - . .
point point photosynthetic rate rate efficiency
JeAME R 1
Light compensation point
JEHRI 0.182 1
Light saturation point
L FNED Ayl ES -0.519" 0.411° 1
Maximum net photosynthetic rate
i IR Bk 3 0.413° 0.141 -0.010 1
Dark respiration rate
ki &S -0.880" -0.092 0.531" 0.023 1

Apparent quantum efficiency

HE:TRORTE 0.01 KT B A RIRTE 0.05 KT BRI

Note: " Correlation is extremely significant at 0.01 level. “Correlation is significant at 0.05 level.
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The different small letters indicate significant difference at the same time among different cultivars at p < 0.05. The same below.
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Fig. 2 The diurnal variations in light intensity and photosynthetic rate of different grape cultivars

in greenhouse under natural conditions
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ATE FCHE 5 AN SRR AE 10:30 AT 15:00 B (1) P, S R AS
6], B AA b, YRS AT 20 O 78 55 T J2 B B Y %
PR EIPBAR . 7 16:00 & 55— JZ HEFH D , KA A
FEHRFE A 120 umol - m? - s £ 47, & FHRFIEG #R 4L &
(1) PATYARIE 150, 2 A b B P, 3 v 1 oAt S AN S R )
P EEIRA P A%, N 5.4 pmol - m? - s, B EALT
=6 E BAPHC BRI Pao

Bk b TEERI AT IRIE LU B BRI P,
BAK, SR EE A E BB P,
W, S FfR AR A K PR A
25 KWW INFREERMEVELEREATK

H 5 KA P A 11 35 A0 s FEE 357 328 5 344
I 76 HR AT B — R )R ORAE, AR SOEET T B
B b, M A R BE RSN M P )0 e
BERMAAMEG . KM P < A0 B B iR 43 ) oA 43.2.
33.9 °C, KM A A1 d KO R E 43 0 Oy 581 A
1281.2 ymol-m™-s™s

KM A ) 267 P R o A 28 H AR 4L
MR 3 Fw. E—RABAFERE, KHA AR
] b PR )G A R R RN [, 8 AN R Py H
KAG I HIAE 7:00 5 9:00 /247 . 7E 7:00, KA Ak
TEE 53 BN 19.6 F1120.0 C, 6 IR 4 5 4 40.8 A
148.7 pmol -m™-s™, WL KA A 8 4™ 2 it M) P32
T T R4, LB it 15 21 7 R BH 6 BB A1, KA
A IA 6 A FL Rl P2 18 22 IR 2 . 7 9:00, K
WP S ANELRE 23 )R 31.0 A1 26.6 °C, YR FE 2 5 R
255.6 f11626.2 umol - m™>-s™'s KHIAMHEE L . &
S JRIE LT A A ELECER A P 2R B K Y
=, BRI WA B R FNIRIE £L ) P22 e R 3 5 1T
KA EGARLLE V& e & FHa 1 Pt RS e, B

x3 AR IINERFEERMAFAETEREAEN

Table 3 The diurnal variations in net photosynthetic rate of different grape cultivars inside

and outside the plastic greenhouse

(umol-m?-s™)

oR o P Hh i} %1 O’ clock
Cultivars Inside or outside 7:00 9:00 11:00 13:00 15:00 17:00
FH % EC P Shine Muscat KHAE Outside 6.4+1.0 8.3+0.2 8.1+0.1° 4.1+02° 6.0£0.1° 2.7+0.1
KHAA Inside 6.8+0.2 7.840.3 3.6+0.3 1.8£0.2 1.240.1 4.6+0.3°
5 % Summer Black KM% Outside 8.8+0.3 8.0+0.2° 3.1£0.1° 5.4+0.2° 3.240.3 0.6+0.1
KM Inside 10.9+£0.5" 6.9+0.2 2.0£0.3 0.9+0.1 43404 2.840.4°
i # 41 Ruiduhongyu K4 Outside 4.940.2 6.9+0.3 6.3+0.3 6.3+0.2° 5.1£0.3 4.7+0.1°
KM Inside 5.740.3 7.3+0.2 5.240.3 2.9+0.2 42403 3.240.3
%5t Miguang KL Outside 5.5+0.2 7.2+0.2 5.1+0.3 5.6+0.3" 3.3+0.2 2.4+0.1
KHAA Inside 9.6+0.7" 7.4+0.2 5.3+0.2 1.9+0.1 3.740.3 2.0+0.2
IRVE 1 21 Wagamichi KMAE Outside 5.9+0.2 6.840.8° 4.7+0.3 5.240.2° 2.040.1 2.740.3
KM Inside 9.6+0.5" 2.7+0.2 3.7£0.2 3.240.2 1.840.2 1.0£0.1
H % W55 f1 Sweet Sapphire KM% Outside 5.9+1.0 8.8+0.3 7.5£0.2" 4.6+0.3" 43+0.2 6.8+0.3"
KA Inside 10.2+0.3" 7.3+0.5 2.6+0.3 2.1+0.1 5.840.4" 1.740.2
4 F-1& Gold Finger KL Outside 4.4+0.7 9.5+0.3 6.240.5 7.1£0.3 2.6+0.3 3.240.1
KHAA Inside 10.1+0.6" 13.0£0.5" 7.6£0.3" 7.3+£0.3 2.240.6 3.3£0.2
EHI Jumeigui KMAE Outside 5.4+0.6 6.1+0.9 2.9+0.3 3.6+0.3 0.940.1 1.4+0.1
KA Inside 8.240.3° 5.0+0.2 0.7+£0.2 1.240.1 1.4+0.1 4.4+0.2°

T = AR R IR 1) A P < AR ] it e 2 () 00 R 22 57 3 (p < 0.05)

Note: " indicates significant difference in the net photosynthetic rate of the same variety between inside and outside the plastic greenhouse at the

same time at p < 0.05.
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B . A 15:00, KA HMEEE 23 51 v 38.7 il
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F M AP BHYE BB A P, 53 v T M P T KB Y
AW A PR 3 ST RS KB L b At
SRR P2 R 22 R ER 2 . 7E 17:00, KANA Ak
TR 3 50N 35.1 F132.4 °C, 6 JR 43 5 R 97.4 A
353.7 umol - m™-s"s KAWAMif #RLL T IR ¥ 21 B Al
O T A P T R TR A B D
B H A EEBOR ) P = TR

B b, RN & T80 P LR Ab i, Hof 7
AN FPTE 9:00—15:00 (1) = L I BE 22 =& KA P,
RN

—o— KHWAMESE Temperature outside greenhouse

—e— KMINIESE Temperature inside greenhouse
—— RAMAME R FE Light intensity outside greenhouse
—— KM GRS Light intensity inside greenhouse

8 8 & 8
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JaHE
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6:00 7:00 8:00 9:00
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Fig. 4 Changes in the temperature and light intensity inside and outside the plastic greenhouse
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RO SR A RN 818 2% AR 556 X [A]
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K5 AQY Z 0] R AR T35 A 0%, X 5 2R B gy
HIF 72 45 S ARALL, 158 BH FH X 3 N 8 A R P40 7 4 i b
i 586 A D BRA AT AT . & FHRAI LCP AR, #%
& AQY i » FLTi 55 06 BE 77 55 ot 5 FL 2 il 2 0
L, HLCP AR R JE F AQY e s ARG A B,



1500 3 i)

S 4

384

LCPAR R AQY iy s E BRI LCP 1 R 57
AQY UL, Hi 956 Re Ty e 22 . (£ 75 75 3B BH W 1) 2%
P, & F e I R b Al R B, i i
FoAEG B BABOLEEER PR, EBIEFNR
1B 2080 PG, X 5 B 28 B R SR1R b6 2
B o3 b 48 LA — 2, A ) Rl Cln 3 8 41
T (25 AT AN [R] 5 1K T B8 AR R AT S AR A [R] 1) 22
SR, WA A | BB R R i R
FE RS B AN AR R R B, Sk
b, LCP RANAQY ] LUAS -t sz BRAS [R] 5 26 it B )
i 59 Y6 HE 11, 38 i LCP R, AQY FE A _E AT LU A
[F7) %61 %6 i PR AE 9506 26 R 1) Pe

ZEBRARE b FROMR M SRR T I E 1 BB
(1) AQYReLCP %325 0.014.1.80 F1173.9, 5 o= 2401
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(1) P e A H Pt R AE ) S Y — 2.
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