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Abstract: [Objective] The aim of this study was to explore the response mechanism of the exoge-
nous Methyl jasmonate (MeJA) regulating the ascorbic acid-glutathione (AsA-GSH) cycle of Vitis vi-
nifera Summer Black grape to low-temperature stress. [Methods] One-year-old Summer Black grape
plants were used as materials, and different concentrations of MeJA treatment groups and low-tempera-

ture stress treatment groups were set up. (1) MeJA treatment: the selected 1-year-old Summer Black
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grape plants were randomly divided into 5 groups, with 10 plants in each group. 0 (CK), 50, 100, 150,
200 pmol - L' MeJA solution were sprayed on the leaves, and the spraying amount was suitable for the
uniform wetting of the leaf surface without water dripping. The spraying time was selected in the eve-
ning of a sunny day to reduce the evaporation and photolysis of the solution. After treatment, the grape
plants were cultured in normal growth environment (temperature 25+2 °C, relative humidity 60%—-70%,
light intensity 2000-3000 Ix, light time 16 h-d") for 24 h, so that MeJA could be fully absorbed and uti-
lized by the plants; (2) low temperature stress treatment: 24 h after MeJA treatment, each group of
grape plants were randomly divided into two subgroups, one subgroup were continously placed in nor-
mal growth environment as normal temperature control, and the other subgroup was transferred to low
temperature stress environment (temperature 0 °C, relative humidity 60%-70%, light intensity 2000~
3000 Ix, light time 16 h-d"). The low temperature stress treatment time was set to 0 (sampling before
treatment as initial control), 1, 3 and 5 days. At each treatment time point, three grape plants were ran-
domly selected from the normal temperature control group and the low temperature stress treatment
group, and their functional leaves (the third to fifth fully expanded leaves from the top of the plant)
were collected for the determination of various indicators. The collected leaf samples were quickly fro-
zen with liquid nitrogen and stored in a refrigerator at —80 °C for standby. The growth indexes and AsA
GSH cycle related indexes were measured. [Results] (1) at room temperature, the growth indexes and
photosynthetic characteristics of the Summer Black grape under different concentrations of MeJA treat-
ment had no significant difference fromthose of the control group at each time point after treatment, in-
dicating that under normal growth environment, exogenous MeJA treatment had no significant effect on
the growth indexes and photosynthetic characteristics of the Summer Black grape; Under low tempera-
ture stress, the plant height, stem diameter and leaf number of the control group increased slowly with
the extension of stress time. The growth indexes of the experimental groups treated with MeJA under
low temperature stress were better than those of the control group. Among them, the plant height, stem
diameter and leaf number of 100 umol - L' MeJA treatment group increased significantly. 100 umol - L™
MelJA treatment could increase the chlorophyll a content, chlorophyll b content and total chlorophyll
content, increase the utilization rate of light energy, and alleviate the damage of low temperature stress
to grapes. The net photosynthetic rate, stomatal conductance and intercellular carbon dioxide concentra-
tion of the experimental groups treated with MeJA under low temperature stress were higher than those
of the control group, and the 100 pmol - L' MeJA treatment had significant effect. MeJA could alleviate
the inhibition of grape photosynthesis under low temperature stress. The chlorophyll a and chlorophyll
b were positively correlated with net photosynthetic rate and stomatal conductance, and negatively cor-
related with carbon dioxide concentration and transpiration rate. (2) The exogenous MeJA treatment
could significantly improve the content of AsA and GSH and the activities of DHAR, MDHAR and GR
enzymes in the Summer Black grape under low temperature stress, and enhance the efficiency of AsA-
GSH cycle. Under low temperature stress, the content of AsA in the control group increased slightly at
the initial stage, then gradually decreased, and the content of GSH increased at the initial stage, and
then gradually decreased, while the content of AsA and GSH in the experimental groups treated with
MeJA were higher than those in the control group under low temperature stress, and the content of AsA
and GSH in the 100 pmol - L' MeJA treatment group remained at a high level after 5 days of low tem-
perature stress; At the same time, the activities of DHAR, MDHAR and GR in 100 pmol-L" MeJA treat-
ment group were significantly higher than those in the control group after 5 days of low temperature

stress (P<<0.05). The exogenous MeJA treatment could maintain high AsA and GSH contents, enhance
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the antioxidant capacity of plants, and improve the tolerance of grapes to low temperature stress. The

AsA content and GSH content in AsA-GSH cycle were positively correlated with the DHAR enzyme ac-

tivity, MDHAR enzyme activity and GR enzyme activity. [Conclusion] This study clarified the regula-

tion effect of MeJA on AsA-GSH cycle of the Summer Black grape under low temperature stress, and

screened out the optimal treatment concentration, which would provide theoretical basis and technical

support for cold resistant cultivation of grape.

Key words: Summer Black grape; Methyl jasmonate; Low temperature stress; Growth indicators; AsA-

GSH cycle; Correlation analysis
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Table 1 Experimental design

i ;?:1 AP c(MeJA)/ I E 1]
number Treatment ~ (umol-L™) Temperature/°C  Time/d
1 Tl 0 25 0
2 T2 0 25 1
3 T3 0 25 3
4 T4 0 25 5
5 T5 50 25 0
6 T6 50 25 1
7 T7 50 25 3
8 T8 50 25 5
9 T9 100 25 0
10 T10 100 25 1
11 T11 100 25 3
12 T12 100 25 5
13 T13 150 25 0
14 T14 150 25 1
15 T15 150 25 3
16 T16 150 25 5
17 T17 200 25 0
18 T18 200 25 1
19 T19 200 25 3
20 T20 200 25 5
21 T21 0 0 0
22 T22 0 0 1
23 T23 0 0 3
24 T24 0 0 5
25 T25 50 0 0
26 T26 50 0 1
27 T27 50 0 3
28 T28 50 0 5
29 T29 100 0 0
30 T30 100 0 1
31 T31 100 0 3
32 T32 100 0 5
33 T33 150 0 0
34 T34 150 0 1
35 T35 150 0 3
36 T36 150 0 5
37 T37 200 0 0
38 T38 200 0 1
39 T39 200 0 3
40 T40 200 0 5

AT 5 K F LR 35 77 22 43 BT (One-way ANOVA) J7
T 5 R AN [ 2R T R FF IR AR R Ak B A R0 ARG o
IR ) A P 2H 2 T 1) % LR b b AT 22 e B 35 MR R 0
Tff 5 AN [] A BN % TRUFR A R R a2 1 S 3, A5 7 22
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R R A R EERARE .
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Table 2 Comparison of plant height, stem diameter, and
leaf quantity of Summer Black grapes treated with different

concentrations of MeJA at room temperature

#®3 REMEBTAREIRE MeJA AIRH EEHEE)
¥E EHRM R 2R
Table 3 Comparison of plant height, stem diameter, and
leaf quantity of Summer Black grapes treated with different

concentrations of MeJA under low temperature stress

= =y o
¢(MeJA)/ ﬁa';t Ste*i I\L}rﬁ%r of
(pmol - L) height/cm thickness/cm leaves

0 55.21+0.19 0.52+0.01 8.25+0.50
50 55.38+0.23 0.52+0.01 8.50+0.58
100 55.52+0.55 0.54+0.02" 9.50+1.29"
150 55.38+0.23 0.51+0.01" 8.50+0.58
200 55.1540.12 0.52+0.01* 8.25+0.50*
F 0.953 2.308 1.897
P 0.461 0.106 0.163

H* LR 0 pmol - L VR JE LR i . 35 (P<0.05) s #R R 5
50 umol - L™ ¥ L 22 53 135 (P<<0.05) ; A7 5 100 pmol - L™ ¥
JE 7 S B3 (P<0.05). R,

Note: * indicated significant difference compared with 0 pmol - L'
concentration (P<<0.05); # indicated significant difference compared
with 50 umol - L' concentration (P<<0.05); A indicated significant dif-
ference compared with 100 umol - L' concentration (P<<0.05). The

c(MeJA)/ B ‘ ESiil . AR same below.
(umol-L") Plant height/cm  Stem thickness/cm  Number of leaves
0 003129 0345003 8.75£0.96 £4 ERTREKE MeA QIR ES BTN
30 36.22+0.86 0.54+0.02 9-00=1.15 Table 4 Effects of different concentration methyl
100 36.02£0.72 0.56+0.04 9-00+0.82 jasmonate on chlorophyll of Summer Black grape
150 56.22+0.80 0.53+0.01 8.50+0.58 N
at room temperature (mg-g"
200 56.20+0.70 0.524+0.00 8.50+0.58 aEa D HEZarh)
w(l %Kz a w(HZxz b w2 at
F 0.246 1.738 0.349 E<Me'lléL>, |/) Chlorophyll Chlorophyll Chlorophyll a+b
P 0.907 0.194 0.841 Hmo a content b content content
MR T HESD (3D . 0 4.1340.15 138£0.07 5.50+0.22
Note: data were mean = SD (n=3). The same below. 50 4.18+0.15 1.38+0.20 5.56+0.34
100 4.15+0.07 1.234+0.09 5.38+0.07
212 KB FTAFKEMeIALEG L ZH&HHk 10 4212006 128011 249017
. : 2 - y N 200 4.03+0.08 1.24+0.06 5.26+0.06
B AR R F A BRI, KRS
| . F 1.627 1.489 1.372
T Gl ke
T,0.50.100.150.200 pmol - L' MeJA RRIWKEEAL 0219 0.255 0200

HIMEREE kS AT REERAR
Z ,{H 100 pmol - L' MeJA 4bHH T ) 5 27 %5 25 M1
e T LA B AL R, 4 ) L 2 S 2 35 (P<<0.05)
100 pmol - L' MeJA b ¥R (1) B S 4 ik F 808 =
F0 pmol - L' & 200 pmol - L' MeJA AbFE , 21 [f] Lh 45
ZREEP<0.05).

22 SMNEFFRFENREMETEZRE LS

RIS
22.1 FEBTAEKREMeIALE Tt FE AN

o B AL HR N ,0.50.100.150.200 pmol - L
MeJ A ANFIRBEARER N ) SR & 40K a 4R R b

KR atb) TR EFALE .

222 KB T AR KEMeJA &t & A2
Freh RS WA RIEME 0,50, 100, 150,
200 pmol - L™ MeJA A [F] 9 B2 AL 38 T 1) 5 26 i) %)
GFRa MR LA ER b FREREE P
0.05) , 21 100 pmol - L"'MeJA K FE AL FE T, & B4
B SRR a SRR b KSR (atb) TR B E
fen T AR B A

223 HEBRTARBRKEZMeIARENE ZHH AL
FAra9 %o R 6 I M, H L T ,0.50.100. 150
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Table S Effects of different concentration Methyl Jasmonate on chlorophyll of Summer Black grape under low temperature

(mg-gh
c(MeJA)/ w4 a) w42 b) w43 a+b)
(pmol - L™ Chlorophyll a content Chlorophyll b content Chlorophyll a+b content
0 0.53+0.16 0.17+0.06 0.70+0.22

50 1.80+0.14 0.61+0.05 2.4240.19°
100 3.24+0.25" 1.17£0.07" 4.41+0.28"
150 2.51+0.25™* 0.89+0.10"* 3.40+0.35™
200 1.80+0.13™¢ 0.64+0.06™¢ 2.44+0.19™¢
F 104.068 113.707 117.011
P <0.001 <0.001 <0.001

E:@FR5 150 pmol - L K EE LU 5 ik 35 (P<<0.05) . R I,

Note: @ indicated significant difference compared with 150 pmol- L™ concentration (P<<0.05). The same below.

200 pmol - L' MeJA AN [F] 3 57 Ab 3 1 1 B 2846 %) 19
AR AL T T A AR T R R R
ERARE.

224 KRBT ARIKEMelA B 28 &AL
AR R AR 7 WHL IR E TR, 0.50.100-
150,200 pmol - L' MeJA AN [A] 94 & Ab B 1) 5 R A
B EHE R VAL A BRI e %
R 7 W E (P<0.05), Hod 100 pmol - LR E T

B A A O A R RIL T SO A S A
TRBE 38 v T AR P AL B, 78 B R A T AR B2
R Ee iz 7 B3 (P<0.05) .
2.3 SMEFRFIERFESIHEIRMNE T E EEE AsA-
GSH BT IR0

AsA-GSH 7§ 5 75 A8 4 W X6 i 18 Hh e oG et
YER , BEWE A ROEBRAEY AN N FR 75 1 4 (ROS) , 4
FR 20 I A B AL ST DT OR3P HE 4 4 i . 52

®6 BRTAERE MeJA HMENEEREFAAER SILTE OB ZSHRE R FRBRERLL

Table 6 Comparison of P,, G, C; and 7. of Summer Black grape treated with different concentrations

of MeJA at room temperature

c(MelJA)/ S RS AT it ) A AR el
(umol- L™ P./Cumol -m™-s™) GJ/(mol-m?-s™") C/(umol -mol™) T/(mmol - m*-s")
0 12.68+0.32 0.65+0.02 299.03+1.41 5.75+0.63
50 12.80+0.30 0.66+0.04 300.21+0.56 5.74+0.63
100 13.11+0.15 0.66+0.04 299.84+0.94 6.194+0.66
150 13.01+0.03 0.66+0.04 298.74+1.08" 5.79+0.55
200 12.83+0.22 0.65+0.02 299.41+0.51 5.75+0.55
F 2.240 0.171 1.527 0.414
P 0.113 0.950 0.245 0.796

R REMHETAEIRE MeJA LIBNEEEEFAEGRE ST SE E S UHRIRE RERBIERELLER
Table 7 Comparison of P., G, C; and T, of Summer Black grape treated with different concentrations of MeJA

under low temperature stress

c(MeJA)/ D gy AT Jifa [ — AL BRIR A
(umol-L™M P./(umol-m?-s™) GJ/(mol-m™-s™") C/(umol -mol™) T/(mmol -m™-s™)
0 8.48+1.13 0.28+0.07 160.45+£27.02 10.03+0.28

50 10.06+0.12° 0.49+0.05" 162.25+25.58 9.06+0.34"
100 11.10+1.06 0.58+0.08" 218.56+20.66 6.04+0.29"
150 10.41+0.42° 0.49+0.02°* 152.51+32.21% 8.77+0.55"
200 8.06+0.84"¢ 0.26+0.05"¢ 125.67+23.31% 9.31+0.37"*
F 10.18 24.468 6.770 64.440
P <<0.001 <<0.001 0.003 <<0.001
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Table 8 Effects of different concentrations MeJA on the AsA-GSH cycling in Summer Black grape

at room temperature

= = i
E;ﬁZ{AL)/) b(ASA)/(nmol-g") ggiﬁﬁfi{mw(ugl) ﬁggiﬁi&/ity/(U-g') gﬁfctriity/(ug‘) w(GSH)/(ng-g")
0 1391.92433.63 13374321 18.65:0.68 22.9347.24 80.5744.81
50 1 411.97420.63 13.5142.97 19.0140.62 23.2347.05 $2.2643.79
100 | 417.52420.25 13.9842.76 19.1340.64 25.0647.02 85.2246.63
150 | 41115835 13.3342.72 19.000.42 23.6047.69 $5.3146.39
200 | 412.70£9.63 13.4843.05 18.650.5 232147.54 79.4843.33
F 0.919 0.031 0.588 0.054 1.052
P 0478 0.998 0.676 0.994 0412

232 KB T B K E MelA T E 2 # % AsA-GSH
PEFR A e RO A, MRIEMIE T, 0.
50,100+ 150,200 pmol - L' MeJA 7 [&] ¥ J& kb ¥ T

i) & M % % ASA & & . DHAR 7% 1 . MDHAR 7%
7 .GREM M GSH & & % 7 B % (P<<0.05) ,
100 pmol - L' MeJA ¥ £ 40 ¥ T 5 M8 41 % 1) DHAR

*9 RETAEIRE MeJA W EEEE AsA-GSH BT HIZ M0
Table 9 Effects of different concentrations MeJA on the AsA-GSH cycling in Summer Black grape

under low temperature

oy oy =
E%ZiAL)g b(ASA)/(nmol-g") gﬁiﬁ {auctri&:/ity/(U~ eh ﬁgiiﬁ ;L(‘:triévity/(U-g") g§ ﬁtriity/(U-g") w(GSH)/(ng-g")
0 894.76+267.61 5.1240.97 11.84+1.49 9.07+1.48 38.96+7.88

50 985.124206.73 6.1141.03 13.01£1.53 9.93+1.12 54.00+5.37"
100 1 063.90+182.48 10.13+1.14 16.76:0.76" 13.58+0.84 82.23+4.31°
150 911.44+200.12 6.67+1.16™ 13.66:+£0.96" 9.991.32° 54.44+3.61°
200 946.05+239.96 6.110.4° 12.15¢1.91% 9.72+1.28° 43.38+3.71%¢
F 0.366 15511 7.965 8.467 41.621
P 0.829 <0.001 0.001 0.001 <0.001

G \MDHAR %V . GRIE % % GSH 7 & 45 5 T H
Al A 3L, 2 1) LA 22 S B 25 (P<<0.05) 6
24 INEFRFREBOENIETEESE K IERE
KM

H2E 10 A0, A5 MeJA A FE 5 , 548 7] 17
TE E M K. AsA &% &5 DHAR % 1% .MDHAR
EMECGRIEYE .GSH & & . P55 faAn 1y 2 15 3% IEAH
5% (r 43 51~ 0.795.0.892.0.762. 0.742. 0.811, P<
0.001) . XKL HMJE MeJA AL B )5 , 4 B T 14 58
AsA-GSH 1§ ¥ 5 B Wiy 5 P, 12 T+ AsA & &, f2 it
GSH & i, & mot & 30 s om i & b sd ki 1 5
JEAAE AT, AT ARG IR e

DHAR i 14 \MDHAR i V£ F1 GR35 14 2 [A] 1 2

W 2 2 IE A 9% G 43 3N 0.915. 0.84. 0.966, P<
0.001) , i I B AI17E AsA-GSH 75 ¥ b R 4 A, 3%
[ LEFFIE IR im0 RS 1 I RIS TR, TR 4 M 50 52 41
Hifi. GSHSHEERE SILFEEMREEE
FH2E (3 5105 0.924.0.937, P<<0.001) , 1t B GSH &
BRI, AR TR E SR, FE A AE AL
ORI TR

HgRa G B HERbEESP.GENEE
1EAH 2 (r Y5 0.871~0.998, P<<0.001) , 5 T, £ %
8 Z AL 2 99 9-0.914.-0.887, P<<0.001) , %
BF I 25 B IR B N RE 3 B O RE R 3R S AL R
TR CEVER , R FRARZE S 1F R, b 7K 7 ik
I T MARTRIA R .
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e A, b MR B B S AR KR bR S
G R E AR AR AE — s AH M, Wtk = 55 AsA
SR MGRaSEEEELMHELGCDH N7,
0.601,P<<0.05), B EMRAE K E5HAIEH PLAMN
77 10 5 2 A , PRI IR B8 T, SR R 6 A 22 P 3
AR SR AR )0 R (R AE KR E P
PrIEME.

3 W w

i A 7E 4 0 S B R AR EBUIR I, A & Bl
R Z RN, X 2 5 SR B MR & FE A
T DL R 2R 2 W AR S, B R A K
9 ACFE A R ARG — RS T
R IR R 5 W 2 RS2, T AR EL— R A B R A
AR . ZE R R IR TR L, MeJA
Ab PR B R & A PIIE M R T YR
AAR I AIF SRR 38R, e A RV B 1) MeJ A Kt
BB AR, 45 AR, TEARIR e
T, AR MeJA b P g% 5 25 S 5 S A 1 AR K
TR » G2 AR AR 781 4 2 R A HI A

e AE R T, e & E R EDAEK K
B LR, MBI E A A . R e
SXTEPIN A AR P AR B R E R X R R
KBS T A R A B e A IS
PELL R SALITT S 2 AN . ARSI TR I,
MelA b3 5, Y R SRR a ISR R b & i
B BTsa N, X A AR IR AL T 58 2 G Re SR AL
R A, Med A ik AT 3 e 1 1 A AL T AT, 30 A
AR I HE R, E— DR S AR, U B it MeJ A 7T
AR 5| R A S & Rt . X5%
Ff U0 R B ORI AR ORI T 8 it MeJ A AT DASR
AR S R A R AT 7L 45 3R — B

IR MHE T, B 5 % 1) AsA-GSH I 2 kK A=
— ZRI AT F I 7 3K i 56 ] 2 ARG LA
e RPN IE A DI RE B E . 7F AsA-GSH 1
W, AsA 1 GSHAE A EE P Hra i, K&
AR AY L I TR & R B A Ak BE 7. DHAR . MD-
HAR Fl GR 1 AsA-GSH 11 4 H (1) S Bl , 1 41111
TG TR Ak BB R MR A KB R OR . TEARHE AL,
IR B WA, X HE 20 5 PE A A7 11 AsA FI GSH & i
AT LT X AR & E S R RO B, T
T AsA BV GSH 1) & sk s bt S A B R 77, 28

M » i A AR I PP A B[] Y ZE K, AsA FI GSH 7 1%
R B, X R TR A T, B & H &1 AsA-
GSHE 2 3] | — & F2 B2 A , AsA 1 FF A2 e

AN, GSH HJWHFER T i, ‘7 AsA F1GSH & &
FEAR . S ah 0 B 38 40 A, o) e 2H 52 2 4 45 1)
DHAR.MDHAR F1 GR i P4 £ iV 15y, 1X A2 i %)
U T 3G SRk BE A PR IE R S AR
M7 8 55 R U L B () () e — P G, X Sl 17 5
N [, B P PGS ASA-GSH TE IR (1B 6 280R R
F% , ROS 75 B RE /198055 , 1#E — A2 08I 1 4 P ) 460
545 . BRI 4 MelA Kb 5, R IE Mh 38~ 5 7
%j "t /1 DHAR .MDHAR A1 GR i P£ ¥ i 3 (P<
0.05) 42 =1, X Ut B MeJA RE 8 A 2 17775 AsA-GSH
E R S BRI ()35 1, (2 32E AsA FI GSH ¥ F52E , 38
SER ] 28] PRI LA A R T 5 DT B2 150 i 260 0 ARG I 3 1)
Mif 52 1% o X5 F RS B U5 Gao ST 7t 45
B3, Ui AME MeJA A1) DL % B % AsA-
GSH 1§ ¥A , 14 55 8 ) X I8 e gk, v &) 7
IR S N A KA B34 T EZE R LR B .

4 # w

T N MeJA AEDN B AR AP R KR
JlEL R, 100 pmol - L MeJA Ab P 5 S48 28 R0 R fe 1
REf HERE AR AR VBRI A 0% 3 i bt A e
AHE TR T MeJA [V 28 R, SR 1 ) P 284
PRt — R AR IE , 5 SR AN ST HL A i
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