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Effect of Shoot Pinching on Growth, Sucrose and Starch Metabolism in
‘Kyoho’ Grape

. . * .
LAI Chengchun'?, ZHANG Fumin®, LAI Gongti'?*, PAN Hong'?, ZHANG Jing', PAN Ruo'~,
QUE Qiuxia'?, HUANG Xiangui', FAN Lihua'
(1. Institute of Agricultural Engineering and Technology, Fujian Academy of Agricultural Sciences, Fuzhou 350003, China; 2. Fujian Key Laboratory of

Agricultural Products (Food) Processing, Fuzhou 350003, China; 3. Fuan Bureau of Agriculture and Rural Affairs, Fuan 355000, Fujian, China)

Abstract: To reveal the effects of shoot pinching on the growth, sucrose and starch metabolism in ‘Kyoho’
grape (Vitis viniferaxV. labrusca) and its mechanism, the phenotype of leaves and stems, accumulation
characteristics of soluble solids, sucrose and starch in fruits, and expression of genes related to sucrose and
starch metabolism were studied by different ways of shoot pinching. The results showed that shoot pinching
inhibited leaf growth and stem enlargement of ‘Kyoho’, but promoted the rapid growth of inflorescence in early
stage, and increasing fruit weight, ear weight, plant yield and soluble solid content. The contents of sucrose in
leaves, sucrose and starch in stems increased in late stage under 2-leaf pinching, and the expression of SPS, NI
and CWI in sucrose metabolism enhanced, while that of AMY in starch metabolism inhibited. Therefore, it was

suggested that 2-leaf pinching could regulate the expression of SPS, NI, CWI and AMY genes, and promoted
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sucrose synthesis and starch accumulation, laying a nutritional foundation for fruit ripening, germination and

flowering.

Key words: Vitis vinifera; Shoot pinching; Sucrose; Starch; Glycometabolism
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Fig. 1 Effects of shoot pinching on phenotype of ‘Kyoho’ grape
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Fig. 2 Effect of shoot pinching on fruit yield and soluble solids in ‘Kyoho’ grape. ns: No significant difference; Different letters upon column indicate

significant differences at 0.05 level.

4.43 mg/g, RILRENE FLZAEM b SRR 18
R E WA, W R ZE B R RS2 A0 07 K
(RZ I /N, {H & A 0 60 d 1 R SE Y K AT 46,
34N b FR I RERE AR RAEM I ZE B R S8 R I
#, 2 ORI RS BN RE, Ky 6t
T, BARNATON . G5 RFE 2 M-
PEAEM A ZE B AR R, IF B R AR R
mT R

AN CALEE, w R TER & B ES R
T et T RAs, e RSP g KT (O e
10~40 d), JERMFLRPR, M iEh & B e R L
KETHAHIL 1 ANEAE, 1K 20 mg/g LA L, BlJEM A
TR BRI R . i BB TEA
A, ZEBRER SR AMARIZEDS ET s, H
SEAEMAZ I, R R NG R, bR SO
FhE, T OACEER & 2 T A0, o 2 i

O ZEBUTER & A IR R, N 21.76 mg/g,
BT AR 6 MG 25 RRYH gt 2B
TVERIAR R, 2 A CRIER & B .

2.4 FEABAECEEN M4 MM E B R BRI i

S B ARG R, X8 AN
FEREAT B AT, ALFE 5 AN IEREAQ UL AR 3 A4S
JERMRIER, 4 h SPS. SS. SAI. NI. CWI.
SBE. AMY 1 BMY, 8 MR T AR Jeffhk |, H
CDS FHIKE N 1275~3 177 bp, T3 2 102.63 bp.
X} H A AT T, 8 AR YD
H H 424~1 058 DMRIEFRAL K, T4 699.88 4~ &
R T8N 47.2~117.9 kD, P15 78.6 kD; CWI
HHMAHE AN 932, HAlh 7 1Nk 4.59~6.13, F
%] 6.17; SEKMERFCN-0.51~-0.159, F#)-0.332,
J&ToRKEA,



628 T I 2 AR #30%
12r %L No pinching _ 6r
%ﬂ ol —2 I-4#.0> 2-leaf pinching s\;:ﬁ 5L
§ — 6 IMH4iL» 6-leaf pinching =
Mg 8t i § 4l
i e
E 6 e B 3
g =5
ing = 2
&= S 4r WS 2r
2 2
o
5 2f 5 1t
& 7
0 0
301 30
) )
2 24f D 24t
ol i £
£ 181 o 38l
B3 Re
el X3 12t
=3 i g
=
g 61 "§ 6k
2 &
0 1 1 0 1 1 1 1 1 1 1
100 120 10 20 40 60 80 100 120

10 20 40 60 80
.00 BF ] Time after pinching (d)
[ 3 40 A B X< [0 T 2 R A AR e A R 3R 1 5 )

.00 BF (4] Time after pinching (d)

Fig. 3 Effects of shoot pinching on accumulation of sucrose and starch in ‘Kyoho’ grape
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Table 2 Sucrose and starch metabolism related genes

BE O 5FR O etk BAAGE LG ODSHE Gp A mma RKRM

Gene Molecular weight Chromosome Start site End site CDS length number pl GRAVY
SPS 117 901.76 chr4 5217811 5232786 3177 1058 6.13 -0.394
SS 92 443.33 chrll 490 479 494 155 2421 806 5.98 —0.254
SAI 72 051.05 chrl6 12 049 724 12 053 766 1950 649 4.59 -0.159
NI 76 174.89 chrs 339 587 343 282 2022 673 6.75 -0.293
cwi 64 504.22 chr9 2133171 2136578 1731 576 9.32 —0.444
AMY 47 155.17 chr3 3981 065 3983 504 1275 424 5.55 -0.287
BMY 63 157.77 chr5-random 167 953 170 871 1722 573 5.86 -0.312
SBE 95 163.04 chrl8 1102012 1110496 2523 840 5.20 -0.510
*F¥5) Mean 78 568.90 - - - 2102.63 699.88 6.17 -0.332
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Fig. 4 Effects of shoot pinching on expression of sucrose and starch metabolism related genes in leaves

PR Th-FE-TH R BE S, T AEINTR S
MBI EIRE R, I HRBAFHEY . AFE O
AEFER, 2 MO R AMY FETFAERA TR LR
I I, 6 I O I B BMY TERG I 3R 0A
1 SBE [NFRIE /KT RELLW ), Bk RETHE R
A, 3 RO AL EL) SBE BITERERZ L 3
WAl . ZIRFRY], ANEHOLITN, FER ARSI
SN RIERR AL, A Ak AR A R (AR
KR REAEAM 0T ISR/ o

2.6 ZEBRPEA SR B EE KR

X 2 B R B R A AU A O 2 TR AT e 5
RILHT(E 5). FERSEKH R, Z£BSPS 13RIL
EEZE LR, EAROHE, REEIR LA, 2
30 SPS FIEACT =T A LA 6 G, [
BEZEBP SPS AR SER B R 2 SUR R, H
2 WX SPS RIS R BRI . 25
B SS MRIAE AR NS, R H A
I, 3 R OB SS RIS EEIEUR. 2B SAT 7



630 HAH W AR 27

30 %

4r SPS

Nt No pinching

—— 2 IH4iLs 2-leaf pinching
— 6 40> 6-leaf pinching

SAI

0.5F

=
5
i
g2 0
K S
2,
£3 I
ks cwr
4
3k
2L
1+
O —
4
BMY
3k
2L
1k
0

0 IIO ZIO 4‘0 6IO 8|0 160 IZIO
$#.00J5 B 0] Time after pinching (d)
[ 5 4780 A B X 25 B LU R A R U AR D35 IR 2 1 52 )

201

0.5F

>

AMY

0.5F

!

[ sBE

—_ —_ )
[} w o
T T T

0 10 20 40 60 80 100 120
{#.CJ5 B[] Time after pinching (d)

Fig. 5 Effects of shoot pinching on expression of sucrose and starch metabolism related genes in stems

RELKEFAT SR T HERSE, 5 BT HBARK
1, RIS LA E], A SS AT SAT
FIENCF SR T O A EE . 2B NT [3RIA B
RRETERERALES, RICKE N, W08 N
RILE & T AL 2B CWI KILBAERLKEH
WA, AERZIITAR, Cwr SRl BRIk, 1ERR
PO B AERFAE R R AT, 2 I AR R
ST RS IYT 20 72 SR S8 KA AT 3.36 A1 2.22 i

Rk, 2 MO AbERE 3 T 25 B SPS. NI FI CWI 1E
RELRE GBI mRIE.

ARSI T 25 B K AR A OB R AMY
BMY F1 SBE, Bfifg REHIERKKE, AMY MR
R RTHE R AR S, 3 MO R, AMY
MRIEAKFLER LR B G 2B KA, o
AL FE I R IE BAR T AN O, AL AMY RiEE
TERERZHATIE L1, 6 -4l 0 R R IA AR 2%, 1



5

AR LT < 0 T 4 A I R E R R A A A TR AR

631

2 AL AMY 200K KR T, TEAEKE 28
Ko ZEBE BMY (IR AEA R 4 00 AL 2 R AH
6], 75 B AT AL T HBARAKE, BRI SR i .
5B SBE B RSk B MR R AR, HEARE
DAL FR I AE RS IR SBE Rk B BESRTF =, 1
JEEREIH . XK 2 O T AMY 1)
Tk, AFE0TT AR 2B BMY M1 SBE [M3RIAR
Wi AN 5 25

2.7 MR RIZE B R AR R R e 73

AN [543 00 A TR T AS ) A2 A I ST R B S
o A A 5 5 I 23K 7K1 ) T Bl 23 23 i 45 R L
6.0 P TR AT R AU i R ) B 25 SR BB ) 23 2

105
D 6Y-120 SPS
—_ @2Y-120
°\O CK-120
A bY-100
~
8 s 0
IS 2008 O
QL o ~ SBE
Ll cwi
L S. @ 2 Ity 2-leaf pinching
3 @ 6Ly 6-leaf pinching
4k » ANty No pinching -0.5
r — Loadmrgs
. N Y R S P N T |
-4 -3 =2 -l 0 1 2 3 4 5

PC1 (37.8%)

6 < LU A 467 T R ZE B REWE S5 Vb AR A 9 2k PRI A B 5 1 7 20

MNERE, AREITT RN 65%. BEE & 1A K
FRSERE, o 0 d, BEFREREN S41. SS JRHE
MR, MROE 10 d, JERREE AMY 1 BMY
KPR A, KT LS 20~100 d)2 CWI
1 SBE, {0 J5 120 d HENERE], SRR R OCHEAE
FSER Dy SPS Al NI, #E 2580, TEREATyE A AR
TR B BRI A3 R 2 MRS, AR B 2R
BN 71.8%, (EMIHAEKYIIAGH S 0~10 d), SAI
N SS FERIOCHE M s, 8 & A K I B (i 0 20~
100 d), &5 FFHFEEZ NTF AMY, TAE & LK
Ja W0 )5 120 d), LA SPS. CWI. BMY. SBE N
T Fk, BERERERACE SRR A K R E T
& LA AN [ () e S AREAE R AH DG

30.6 0.4 -0.2 0 0.2 0.4 0.6
T T v T
2% Stem
4 -
40.5
3 sal
2 L
s 1f
n
S Of—ss= 0
o™
2
_2 -
-3+
-0.5
4
JENC ¢ W T U R S N Y R
-5 4 -3 2 -1 0 1 2 3 4 5

PC1 (50.3%)

Fig. 6 Principal component analysis of gene expression patterns related with sucrose and starch metabolism in leaves and stems of ‘Kyoho’ grape

3 et

3.0 2 MO HAEFF E R R R L8

AR B i A A AR A KRS E AR
SN, 400 A2 4 47 B2 o I SR B U 5,
AN TR o A BT B3 g AN [R] I S04 0 A0 AN [R] B
Hdwgcy, FORYRE R DAERTR 0o, JEH
R a RS A T BTAUREL, R
o e TR ] R S KA R SR i Bt v U, e
%] ACUREL AN T 2 20 AT AE R Lo AL ], W] LASE
r AR R BREEVE SRR REEE
TRPUPEN P, AR R 2 R AL AT 0 T
2o ER AT FUR B 2 A5 IR AR FEAERT 7 d
o, FECEREIE. HFETRT . AR RAR,

M ELAEYIAEII A ARSI AT 10 A0 B U
WA AR AR R, T IO E] 7 0
FEAE BN, X — SR R < R R A
SKH] 4 WEL 6 M AL, TR A AN T
[ A ) N A HC R A 00 R LA o ) T 5K, RERB AR
BEAEREAE AN EL I AR 31, R 8 IR
MAEF e LEREEDL,
AHIFFELAANE O o B, 0o < 0 A A R AT 2
AT 6 A Co AR B, A O AR PRI A A 22 B
B, AR, R ELIE R A A SR I R
B, BRSSPSR LRI SEH LA
PESSSCHIBLR , DAL I 3 2 45 0 W] AR/ D ) 26
TAEMPURIESE S, BEAh, 2 O AR R CR
ORISR, F, 2 0T R iR



632 HAH W AR 27

30 %

LU A R R AR AR R, i 2
A oA TR AR M A AR, SRR R
A= 6o PR 2 PO BE B R E A6 P 30 e PR A=
K, I g RS &, O AT DL — e R A
25 2 SE R H PRI SE SEHIBLR

3.2 2 PR CMEBE R SCRT VA ERE . BEREAIER AR R

SRR A R SEAN ], A R TR B AR R
RURSE, BREHIER S e EAE, JRIR
F 73 AT SV W T st A7 AR R T, SRS
o SRR B B A AN, RER R ERES
A R B e e S RS, R R ) B R
griat it 2R AT, FE4h SR A R R O RE
AR GRS, AN 32 200 il o 4 bl
AR o BIF FUR W AR 1 o B 20 1A 1 AR LR AT
HERFE, AR R R0 R,
TR, MR A2, A P 2148 . ACHIE 7T
[0 A ] R S RV R [ TR I E 25 SRR,
AL BN RS AE B O TR S RO RV DR & R
TG, U O A FEAR R AR S ATV PR R R
2, X5 L A O AR B S AR L, LR e e
AR L3 ~4 FrD), BARBER. SRER.
RG4S 110,

I 60 2 B r B JRE BN 2 R E 45 R
R, ASFH AR A ZE B PR S B
HZSE, WA RS BRI A
JE R S T A O AL, o 2 RO AR
PR, BER BOUR S B BRI A IRR, v B
HE RSB A RR B T 7S BB OE N, I
T2 e VA SR SE PR SRR AT A 0 - e A
BEONE A, RIS B3 i[RI AT i) sh At
FERT 28, ZEBhiEky & RO N BE m T A
PO, OB T BT IR, T
R oA AR RANSZ 40007 SN . < B0
B 2 A O HE R SETVE TR PO AR R, IR
BEREREAE T A A2 B IR, R SRR fR
b, MAMNEIEHEEMEZZBCP IR, ZEBh R
FERI A R RS « BT B & A R AR S
SE BB [RE IR A

3.3 2 M- LRI REA QAR S B R AR 2R T TR 42k
(M1prid e
%] RO SRR AR R B TR s A s

>, 1552 WRKY S5 s R 7 4xR0, T8 g4z
A B RACHIAR DS IE R E A, T 2 5 B AR Tt
o TERENEG I TTIA], BERERERR G I (SPS) A2 A
B SCHERE, SPS [VE M — e AR R S 1 R
A ELAE 1Y, R A I R 2R B R A
2 A 0o A0 5 35 v T LAt A B, R BS R 2K B
W SPS R 2 BRI, 2 MO AR SPS Y
P IR B IR E ERE B e SS R4 A BRI A3 il
2 NI, ARFEIRE SS I iR TR 2 S B
TERI % T SS W SIS 5 R 7 AR T2,
E N HIE I SS A fiE TR T A RS ER,
TEAFE 07T, B % SS FEETEM Ffi =
BRI RIA Y 2 RBI, B RS R, SS
(S PRI A . R, 2 MO EE SPS TR
ik, AR RERE S

AL Tl A A G A R BRI B A R T T, LA
SAIL. NI Al CWI, AAJ g bk j i 55 A0k DL 26 4
FNTFHE [ CRERY, 57 B30 5 R 0 SAT 7E R
St B B R M, A2 R M L 0 A0 R 1 DG B,
{H2 < [0 A 2 1 R ZE B R SAT 3R IA 1A 2 2R
TN, FEHAER SR E G A T AR R K
e, AR, M RIZE B SAT R IA R S ET A RkiE
I FRSEANE] . d O AL ER ) AN ZE B R NTFD CwT
MRIEAK Bk m AR OAE, Hrp 2 H4.07E
RELRE R REE. Rk, 2 HHofeit
FEAL SRR NI CWT R 238 1 19 JRE RS B A0 50

TERIAE AMY. BMY F1 SBE 45 [ fift llg ¥ [7) 18
N, BEFRNZZZENE. HENE, BEE R T 5 RN
TR AR KR B RT380, ik Fr i AR A e 3
Kl AMY BMY F1 SBE (1315 324 0 75 I 52 M 4%
N, ZEBLh BMY R SBE A 8 USE R, HER O
AEFRRERS NG ZE B AMY fER SR B R IAMRIE, W
SHUER PR MO (R 2 B iy A R, b 2
50 I F B, BRIk, BV R 2 O
5 SPS. NI A CWI 3k, &3k i s & ofn R
SR H G IR il e Ak, Beah, JE I 2R B
AMY BRIk Tk 25 Bk AR R o

S 3R
[1] MENG F R. The cultivation status and suggestions in ‘Kyoho’ grape in
Yingkou [J]. N Fruit, 2018(3): 48-49. doi: 10.16376/j.cnki.bfgs.2018.

03.022.
MU E T X R e 0 A A B 5 2 (0] BT R,



5

AR LT < 0 T 4 A I R E R R A A A TR AR 633

(2]

(3]

(3]

(6]

(7]

(8]

2018(3): 48-49. doi: 10.16376/j.cnki.bfgs.2018.03.022.

YANG Z Y. The research about family tree of Kyoho [J]. Sino-Overs
Grape Wine, 2005(2): 38-41. doi: 10.3969/.issn.1004-7360.2005.02.014.
Wi ot. EVERME ZIEVIA [I]. AMEE S WA, 20052):
38-41. doi: 10.3969/j.issn.1004-7360.2005.02.014.

MIAO Y. Labor-saving cultivation techniques of ‘Kyoho’ grapevine [J].
SE Hort, 2020, 8(1): 37-40. doi: 10.3969/j.issn.2095-5774.2020.01.010.
2. BWEREE RIS HER [J]. R, 2020, 8(1): 37-40.
doi: 10.3969/j.issn.2095-5774.2020.01.010.

ZHA Q, XI X J, HE Y N, et al. Effects of different tip removal periods
on the fruit setting rate of grapes during flowering [J]. Sino-Overs
Grape Wine, 2019(4): 29-31. doi: 10.13414/j.cnki.zwpp.2019.04.006.
Afl, RBeZE, AUREYE, 2. TEIIAS [0 0 IR 39100 4 4 A SRR A
(7). HPANE A S &, 2019(4): 29-31. doi: 10.13414/j.cnki.
zwpp.2019.04.006.

FROMMER W B, SONNEWALD U. Molecular analysis of carbon
partitioning in solanaceous species [J]. J Exp Bot, 1995, 46(6): 587—
607. doi: 10.1093/jxb/46.6.587.

WANG X Q, HUANG W D, ZHAN J C. Molecular biology mecha-
nism of increasing the sugar content in wine grape [J]. Sino-Overs
Grape Wine, 2005(1): 7-9. doi: 10.3969/j.issn.1004-7360.2005.01.002.
EFFE, WK, SR PR A & TR AL
H[0]. A A S AT, 2005(1): 7-9. doi: 10.3969/j.issn.1004-
7360.2005.01.002.

ZHU X D, HANG C B, WU W M, et al. Enzyme activities and gene
expression of starch metabolism provide insights into grape berry
development [J]. Hort Res, 2017, 4(1): 17018. doi: 10.1038/hortres.
2017.18.

DONG Z H, LUO G G. Methods of estimating leaf area of grapevines
[J]. Acta Agric Univ Pekin, 1991, 17(2): 103-106.

FARAE, PEDG. W E AR ENE (7] deRURL R AR,
1991, 17(2): 103-106.

PAN H, LAI C C, ZHANG J, et al. Selection of reference genes for
RT-qPCR from the red callus of Vitis davidii (Rom. Caill.) Foéx under
different light qualities [J]. Chin J Appl Environ Biol, 2019, 25(6):
1407-1413. doi: 10.19675/j.cnki.1006-687x.2019.01038.

WAL, WAL, K, & ANFEDER MR TR A LG
RT-qPC WS HEERGFIE [J]. N SHREEYER, 2019, 25(6): 1407—

1413. doi: 10.19675/j.cnki.1006-687x.2019.01038.

[10] LAT C C, PAN H, ZHANG J, et al. Selection and validation of

reference genes for quantitative real-time polymerase chain reaction
(qQRT-PCR) after different shoot pinching treatments on grape (Vitis

vinifera L.) [J]. Acta Agric Univ Jiangxi, 2019, 41(5): 890-900. doi:

10.13836/j.jjau.2019102.
R, WA, skER, & EE A OGN qQRT-PCR NS £
ML SEAE [J]. YLFE AR R 2E254R, 2019, 41(5): 890-900. doi:
10.13836/j.jjau.2019102.

[11] ISHIKAWA K, BABA T, FUJISAWA H, et al. Effects of flower

thinning, timing of shoot pinching and girdling on berry enlargement
and quality of ‘Fujiminori’ grapes [J]. Jpn J Farm Work Res, 2016,

51(3): 101-107. doi: 10.4035/jsfwr.51.101.

[12] SONG R G, MA Y K, ZHANG B X, et al. Effect of pinching bearing

branches in different periods on fruit set rate and yield in Vitis amu-
rensis Rupr. [J]. N Hort, 2010(11): 44-45. doi: 10.11937/bfyy.2010
011013.

KN, DR, SRER, L S5 AN R R 0ok A R
FAERFE (7). AL, 2010(11): 44-45. doi: 10.11937/bfyy.

2010011013.

[13] LI X H, ZHAO Y, YANG Y M, et al. Effects of different stages

pinching of bearing branch on fruit-set and yield in new variety of Vitis
amurensis Rupr. “Xuelanhong” [J]. Spec Wild Econ Anim Plant Res,
2014, 36(4): 9-12. doi: 10.3969/.issn.1001-4721.2014.04.004.

BLRLL, R, B W, A& R R 22 20 45 RECR R
A O Al S ERN P B A [T). REFERE AT, 2014, 36(4): 9-12.

doi: 10.3969/j.issn.1001-4721.2014.04.004.

[14] ZHU W, LIN L, XIE S Y, et al. Effects of pinching on flower differen-

tiation in winter buds at different nodes of ‘Summer Black’ grape under
two-crop-a-year cultivation [J]. J Fruit Sci, 2020, 37(2): 226-234. doi:
10.13925/j.cnki.gsxb.20190312.

Aedfe, ME, MR, S Xt —ERScRET B A AN AL
LIRS [T SRR, 2020, 37(2): 226-234. doi: 10.

13925/j.cnki.gsxb.20190312.

[15] CHEN J, LIU X. Efffects of early & heavy tipping on the growth and

development of shoots of kyoho grape [J]. S China Fruit, 2016, 45(6):
100-101. doi: 10.13938/j.issn.1007-1431.20160197.

MR, B, 04 4 A0 R O TR AE KR B IR (7).
rh R 7 BB, 2016, 45(6): 100-101. doi: 10.13938/j.issn.1007-1431.
20160197.

[16] DAVIES C, ROBINSON S P. Sugar accumulation in grape berries:

Cloning of two putative vacuolar invertase cDNAs and their expression
in grapevine tissues [J]. Plant Physiol, 1996, 111(1): 275-283. doi: 10.

1104/pp.111.1.275.

[17] SUNLJ, MAL, WANG Z J. Research advance of sugar metabolism of

grape berry [J]. Sino-Overs Grape Wine, 2008(6): 70-72. doi: 10.
3969/j.issn.1004-7360.2008.06.022.

fhgefl, B, EIREK. MERSHH R P e 0] i



634 TS 7T R A AR

30 %

L1 %], 2008(6): 70~72. doi: 10.3969/j.issn.1004-7360.2008.06.022.

[18] SUN Q Y, HAN N, SUN Y X, et al. Effect of berry-thinning on sugar
content and relative enzyme activities during berry ripening in ‘Caber-
net Sauvignon’ grape [J]. N Hort, 2015(9): 18-22. doi: 10.11937/
bfyy.201509005.

INKA, W, INERE, % GRS RS 7R T A RS bl
FARRACHRRE PR R 2m (3], L7, 2015(9): 18-22. doi: 10.
11937/bfyy.201509005.

[19] MANG L T, ZHAO W D, GUO X W, et al. Research of different trellis
and fruit load on the fruit quality of red globe grape [J]. N Fruit, 2011
(5): 11-12. doi: 10.3969/j.issn.1001-5698.2011.05.005.

WG, BOCR, B, & AN SLUAT SRR I 4 A A R Sk
SRR A (3], 607 A, 2011(5): 11-12. doi: 10.3969/j.issn.1001-
5698.2011.05.005.

[20] ZHOU X B, GUO X W. Effects of bagging on the fruit sugar metabo-
lism and invertase activities in ‘Red Globe’ grape during fruit develop-
ment [J]. J Fruit Sci, 2005, 22(3): 207-210. doi: 10.3969/j.issn.1009-
9980.2005.03.004.

JAXA, FAEI. BT LB A A R TR R oA K
PCBEIEPERIRE R [T 524, 2005, 22(3): 207-210. doi: 10.3969/
j-18sn.1009-9980.2005.03.004.

[21] CHEN J Y, FANG J B, GU H, et al. Influence of girdling and gibbe-
rellic acid application on the fruit characteristics of Red Globe grape
cultivar [J]. J Fruit Sci, 2005, 22(6): 610-614. doi: 10.3969/j.issn.
1009-9980.2005.06.003.

WRetiok, J74:3Y, B, 55 FRRIA GA AEBEXT 27 bk 4 % RS2k
IREGEZIE [J]. SA2E3], 2005, 22(6): 610-614. doi: 10.3969/j.issn.
1009-9980.2005.06.003.

[22] ZHAO Q F, GUO W J, XUN Z L, et al. Effect of tree shape on sugar
content and enzymes activities of sucrose metabolism in wine grape
fruit [J]. J Henan Agric Sci, 2021, 50(5): 122-128. doi: 10.15933/j.cnki.
1004-3268.2021.05.017.

ATV, SO, HIAENE, SRR RRAT A A SR S R R
FRBAHRBRE MR RIS (7], AR RLE, 2021, 50(5): 122-128.
doi: 10.15933/j.cnki.1004-3268.2021.05.017.

[23] ZHU LN, TANG X L, LU C Y, et al. Effect of the restriction of rooting
zone on the growth, fruit quality and the content of nutritional element
of Fujiminori grapevine [J]. S China Fruit, 2004, 33(5): 80-82. doi:
10.3969/j.issn.1007-1431.2004.05.045.

SRINGR, JELE, BhARAE, SF. AR A A AT A SRS i T
JCEFRICH G (7). H R TTRB, 2004, 33(5): 80-82. doi:
10.3969/j.issn.1007-1431.2004.05.045.

[24] XIA H, SHEN Y Q, DENG H H, et al. Melatonin application improves

berry coloration, sucrose synthesis, and nutrient absorption in ‘Summer
Black’ grape [J]. Food Chem, 2021, 356: 129713. doi: 10.1016/j.food
chem.2021.129713.

[25] DEBNATH B, HUSSAIN M, LI M, et al. Exogenous melatonin
improves fruit quality features, health promoting antioxidant compounds
and yield traits in tomato fruits under acid rain stress [J]. Molecules,
2018, 23(8): 1868. doi: 10.3390/molecules23081868.

[26] LU W P, ZHANG Q T, FAN S T, et al. Effects of different leaves
pinching of bearing branches on fruit quality and yield Vitis amurensis
Rupr. [J]. Spec Wild Econ Anim Plant Res, 2014, 36(2): 22-28. doi:
10.3969/j.issn.1001-4721.2014.02.006.

FESCMS, SRPCH, YOATH, S 1L A 45 R O A [F) B o R
Sedh BRI [T]. FEPWEAL, 2014, 36(2): 22-28. doi: 10.
3969/j.issn.1001-4721.2014.02.006.

[27] NORONHA H, CONDE C, DELROT S, et al. Identification and func-
tional characterization of grapevine transporters that mediate glucose-
6-phosphate uptake into plastids [J]. Planta, 2015, 242(4): 909-920. doi:
10.1007/s00425-015-2329-x.

[28] SWIFT J G, BUTTROSE M S, POSSINGHAM J V. Stomata and starch
in grape berries [J]. Vitis, 2013(12): 38-45. doi: 10.5073/vitis.1973.
12.38-45.

[29] BREIA R, CONDE A, CONDE C, et al. VVERDG6I13 is a grapevine
sucrose transporter highly up-regulated in response to infection by
Botrytis cinerea and Erysiphe necator [J]. Plant Physiol Biochem, 2020,
154: 508-516. doi: 10.1016/.plaphy.2020.06.007.

[30] HUANG T, YU D, WANG X Q. VVWRKY22 transcription factor
interacts with VvSnRK1.1/VvSnRK1.2 and regulates sugar accumu-
lation in grape [J]. Biochem Biophys Res Commun, 2021, 554: 193—
198. doi: 10.1016/j.bbrc.2021.03.092.

[31] HARBRON S, FOYER C, WALKER D. The purification and pro-
perties of sucrose-phosphate synthetase from spinach leaves: The invol-
vement of this enzyme and fructose bisphosphatase in the regulation of
sucrose biosynthesis [J]. Arch Biochem Biophys, 1981, 212(1): 237—
246. doi: 10.1016/0003-9861(81)90363-5.

[32] LIU LY. The physiological study on the sugar and acid accumulations
and metabolic regulation mechanisms of Vitis amurensis Rupr. grape
[D]. Yangling: Northwest Agricultural & Forestry University, 2016.
XUMRRE. (LA AR R A SR A S R E HLEERT JE (D). Mk 7
JERMBHK, 2016.

[33] LIM G, DENG Q X, LU X L, et al. Sugar accumulation and sucrose-
metabolizing enzymes activities of ‘Manicure Finger’ grape [J]. ] NW
Agric For Univ (Nat Sci), 2016, 44(8): 185-190. doi: 10.13207/j.cnki.

jnwafu.2016.08.027.



5

AR LT < 0 T 4 A I R E R R A A A TR AR 635

ZEARES, MOREAL, B, SE SN R SCR A AT RERE A
ARHETEVERIRT T [J]. PHALRMABIRC A2 (B 2R AR), 2016,
44(8): 185-190. doi: 10.13207/j.cnki.jnwafu.2016.08.027.

[34] ZHAO J T. Advances in research on invertase in plant development and

response to abiotic and biotic stresses [J]. J Trop Subtrop Bot, 2016,
24(3): 352-358. doi: 10.11926/j.issn.1005-3395.2016.03.015.

RS, R AL RRAE S A A A E R A i) 82 o FR) ) g
FERERE [1]. LR E AR, 2016, 24(3): 352-358. doi: 10.

1926/j.issn.1005-3395.2016.03.015.

[35] YAN M L, WANG Z P, FAN Y, et al. Roles of sucrose-metabolizing

enzymes in accumulation of sugars in ‘Cabernet Sauvignon’ grape fruit
[J]. J Fruit Sci, 2010, 27(5): 703—707. doi: 10.13925/j.cnki.gsxb.2010.
05.007.

FEIMEEy, IR, T, S MO UAR 5 A AR 2 R 4 AL Sl
FER R [7]. B3R, 2010, 27(5): 703-707. doi: 10.13925/j.

cnki.gsxb.2010.05.007.

[36] NIE Y D, ZHONG H L, DUN B Q, et al. Expression of soluble acid

invertase gene and its relationship with sugar accumulation in sweet
sorghum stem [J]. Sci Agric Sin, 2013(21): 4506—4514. doi: 10.3864/;.
issn.0578-1752.2013.21.013.

SeTuA, BREENE, WK, S FH G SATRE H B RRIA S ZEATHE AR
RIMAEN T ], FERFE, 2013(21): 4506-4514. doi: 10.
3864/j.issn.0578-1752.2013.21.013.

[37] ZEEMAN S C, SMITH S M, SMITH A M. The diurnal metabolism of

leaf starch [J]. Biochem J, 2007, 401(1): 13-28. doi: 10.1042/BJ2006

1393.

[38] DENG P R, TANG X M, WEI Q Y, et al. Advance in the decom-

position mechanism of starch in plant leaves [J]. Guangxi Agric Sci,
2009, 40(2): 147-152. doi: 10.3969/j.issn.2095-1191.2009.02.009.

AP, ERR, HIFE, & YR TER LB SRR (7).
PR AR, 2009, 40(2): 147-152. doi: 10.3969/j.issn.2095-1191.

2009.02.009.



