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Advances in research on the influence of rootstocks on grape growth and

development, fruit quality and stress resistance
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kong’

(College of Enology and Horticulture, Ningxia University, Yinchuan 750021, Ningxia, China)

Abstract: Grapevine (Vitis vinifera L.) is one of the most economically important fruit crops globally,
widely cultivated for fresh consumption, wine production, and processing due to its adaptability across
diverse climates and high market demand. The selection of appropriate rootstocks is fundamental to sus-
tainable viticulture, as they profoundly influence grapevine growth (including vigor, canopy develop-
ment, and nutrient uptake), fruit quality (affecting sugar accumulation, acidity, phenolic content, and ar-
omatic compounds), and stress resilience (enhancing tolerance to drought, salinity, pests, and diseases).
By mediating physiological interactions between the scion and soil environment, rootstocks optimize
vineyard performance under varying agroecological conditions. This review synthesizes current re-
search on rootstock effects, highlighting their role in growth regulation, fruit quality enhancement, and
stress adaptation mechanisms, thereby providing a scientific foundation for informed rootstock selec-
tion and targeted breeding programs to advance sustainable grape production. Rootstocks serve as criti-
cal determinants of grapevine growth and productivity by profoundly modulating key physiological and
morphological traits. Their influence extends to vine vigor, canopy architecture, and metabolic process-
es, with distinct rootstock genotypes eliciting markedly different growth responses. For instance, vigor-
ous rootstocks such as 1103 Paulsen and 140 Ruggeri stimulate robust cane elongation and enhance pho-

tosynthetic efficiency by optimizing leaf area development and stomatal conductance. In contrast,
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dwarfing rootstocks like 101-14 Mgt and SO4 restrict vegetative growth, promoting earlier berry matu-
ration through improved carbon partitioning to reproductive structures. Rootstocks also exert significant
effects on yield components, with 110 Richter and 3309 Couderc increasing cluster numbers and berry
size, while 420A and 161-49 Couderc enhance fruit uniformity by regulating sink strength and assimi-
late distribution. At the physiological level, rootstocks mediate nutrient partitioning and hormonal bal-
ance, as demonstrated by 110R and 5SBB rootstocks, which enhance soluble sugar and starch accumula-
tion in scions through optimized phloem transport and cytokinin signaling. These mechanisms collec-
tively fine-tune resource allocation between vegetative growth and reproductive development, under-
scoring the pivotal role of rootstocks in balancing vine productivity with fruit quality. The profound in-
fluence of stion interactions on fruit quality parameters-including sugar-acid equilibrium, phenolic com-
position, and volatile aroma profiles-has emerged as a critical factor in premium grape production. Vig-
orous rootstocks such as 110 Richter and 140 Ruggeri demonstrate remarkable capacity to enhance sug-
ar accumulation (particularly glucose and fructose) while simultaneously stimulating anthocyanin bio-
synthesis in red varieties, thereby improving both fermentation potential and wine color stability. How-
ever, certain rootstock genotypes that facilitate excessive potassium uptake can inadvertently elevate
juice pH, potentially compromising the fresh acidity essential for balanced wines. Cutting-edge research
reveals that rootstocks exert sophisticated control over secondary metabolite pathways, modulating the
production of health-promoting compounds like resveratrol and flavanols, which significantly contrib-
ute to the antioxidant capacity and mouthfeel characteristics of wines. A striking example is observed in
Shine Muscat grapes grafted onto Summer Black rootstock, where terpene biosynthesis is enhanced
through upregulation of key genes (VvLoXA and VvADH), resulting in a 2.3-fold increase in linalool
content that imparts distinctive floral notes to the berries. These findings underscore how strategic root-
stock selection can serve as a powerful tool for precision viticulture, enabling targeted manipulation of
biochemical pathways to achieve desired quality benchmarks while maintaining vine health and produc-
tivity. Stress resistance is a pivotal criterion for rootstock selection, particularly under climate change.
Drought-tolerant rootstocks develop deeper root systems and improve water-use efficiency, sustaining
physiological activity during water deficit. Salt-resistant genotypes like Salt Creek and 140 Ruggeri lim-
it Na” and CI  translocation, preserving photosynthetic integrity. Cold-hardy rootstocks upregulate cryo-
protectants (proline, and soluble sugars) and antioxidant enzymes (SOD and POD), mitigating frost
damage. Additionally, rootstocks confer partial resistance to biotic threats; for instance, 41B and Graves-
ac reduce susceptibility to phylloxera and nematodes, while SO4 enhances scion resistance to powdery
mildew and downy mildew via elevated POD and PPO activities. Molecular mechanisms underlying
rootstock effects involve hormone signaling (ABA and jasmonates), nutrient transporters, and stress-re-
sponsive genes such as VvWRKYs and VvCBFs. Transcriptomic analyses reveal that rootstocks modu-
late phenylpropanoid biosynthesis and ion homeostasis pathways. For example, VAWRKY44 in Beta
rootstock enhances cold and salt tolerance by regulating antioxidant enzyme expression, while VvMYB-
PAI in 1103P improves drought resilience through ABA-mediated stomatal closure. This study analyzes
major grape rootstock cultivars (1103P, SO4, SBB and Beta) and their vital roles in growth regulation,
fruit quality, and stress resistance. While current rootstocks show single-stress tolerance (cold, drought,
or salinity), few possess comprehensive resilience to combined stresses. We propose developing multi-
resistant varieties by integrating superior traits such as Beta’s VAWRKY44 for cold tolerance, 1103P’ s
VvMYBPAI upregulation for drought adaptation, and 101-14"s ion selectivity for salt resistance through

hybridization, marker-assisted selection, or gene editing. Multi-omics approaches should elucidate resis-
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tance mechanisms to guide precision breeding. Imported rootstocks such as Fercal and 1103P require re-

gional adaptation trials for China’s diverse conditions including arid northwest and coastal saline areas.

Native species such as V. amurensis and V. davidii offer valuable stress-resistant genes for developing

proprietary cultivars. Future research should adopt an “introduction- breeding- utilization” strategy to

create resilient and high-quality rootstocks supporting sustainable viticulture in China.

Key words: Grape; Rootstock; Growth and development; Fruit quality; Stress resistance; Graft compati-
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Table 1 Effects of rootstocks on grape growth

Tl A SN 5 TH FARRRE 275 3Lk

Rootstock variety ~ Implications Concrete effect Reference

3309M.Fifili3 5 AR 0 P PO E B AT GRS B, 53R 5 A 2% [10]

3309 Millardet, Growth momentum Significantly increases the thickness and length of Shine Muscat grape branches,

Kangzhen No.3 which is related to hormone synthesis

S04 ERS X Ve HRARTC AL ] A R DU ACAD ] BRI E DA 54.60% [11]
Growth momentum Inhibits the growth of Kresen seedless grape , reducing new shoot length by 54.60%

SA15 JerkEE P R ER A EEA A 13 Bd 2 (11.75%~12.06%) M 2R B [13]
Photosynthetic Increase the net photosynthetic rate(11.75%-12.06%)and chlorophyll content of
characteristics Cabernet Sauvignon and Crisp Light grape

S04 SRS 5T PETHLL R A A AT B L B R TT  J nDVAPE RERA)  R IR L T [15]
Fruit quality Improving the bunch mass, individual fruit mass,and soluble solids content, acidity

ratio of Red Globe grape

1103P N UL PEHELT HOERAE AT Fr PR Ca Mg RS, (B 6 & 38 500 i 35 B2 [15]
Mineral absorption Promotes the absorption of P,K,Ca,and Mg in Red Globe leaves , but has no

significant effect on photosynthetic rate

110R.5BB AR F e B AR TE A AT R A P PR RN S 5 [16]
Physiological metabolism  Increase the soluble sugar and starch content of Kresen Seedless grape shoots

106-8 FrE AR AR S 7 B P 80% [17]
Yield Increase the yield of Changxiangsi grape by 80%

IAC 766 H IR AR SR B RGP S B 28 & e bR TS 1 [17]
Nutritional quality Combining low trellis systems to increase phenolic and flavonoid content and

antioxidant activity

140R R AR AR BR A 4 R BE (GASTAAVABA) Tl (AT 25 Al e N ik [18]
Fruit coloration Regulate the balance of Cabernet Sauvignon fruit skin hormones(GA;,[AA, ABA)

to promote anthocyanin synthesis gene expression

1103P.5BB b dsf B TE b S X R R4 [20]
Regional adaptability Performing well in the northern border region

5BB Hb el E B TEVLPCE R AR KSR I e [21]
Regional adaptability Grows best in the Jianghan Plain

P BN, B Y5 DR A &) 78 TAC 313 Al
TAC 766 fili A< |3 T H B A0 0 5L Szt o, w4
[ JE 4 A6 T R 23 AR 0 )5 28 dIAFIEAH,
SRR 5 U7 24 d 5K, R PO A i STR
I, b, Uk A SBB fifi R S B 3 1 SR s
ATV 5 DUA R A FE B, SBB fili A S0
e BT T B = iR R T 12.62%2.61% A1
19.29%", A b B3R B, fili A o o 5 IR AR AR Y
AR FEI FE S A LAY, AN e FERRIE T /7
Bl A o SR S R A T 1) T 4% B R ) XU
Jfi. 110R.SO4 FAFUAL 3 5 fili A i $2 51 75 B2 BR
%] It NAD-MDH B P4 A1 R 26 75 7K 5, {3k 3 51
PR AR B, [F) B PR B RO I 7 1, AT I A S S
PHER 187 , $2 TF R 5 R £E ] U AE AR IX, 110R
fili A S 3 42 1/ AR A A 1 [ R L, 1T SO4 Al
3309M fili A E WK & ] 7 A AL RZ i, I —
LG AT e 5l AR R IR RE R A R0R rR
A5 BN, JREER/TTOR 414 115t 4 3 A1 K

SRR R E T BT, X R AL AR W]
MG P TR A2 3 R SE A RE 2 AR . SR, fili
AR AR S PRI I 22 5 o 7R R T ARG X
SBB fili A A5 5. 225 B A1 PH 6 BR824 1 <4 R AR
RO T BT EHBIX , 101-14 1 3309M fili A I 5 3 2
7R BR BRI 2 AR

LA, il A St SR Sk £ 28 AR5 14D 5 1) A 7% 22
o BOL/3309M ZH A IR S S A FE AN ] i 4 [ T 4
SR T AR R AR, TR 88 R A A
1103P il A b2 T HH B V28 1 SR 2 P00 €60 AR B vy (1 1
TEPI(FR) . XL T AR SR A PR (o
IAAGA:FTABAD A % . ANEREA (1 140R)
T T 4% I B R A R TAALGAS T ABA 1) 3))
AV, AR 3k vwCHS. V'wDFR M1 WUFGT %1%
R R TR R IE , Mg S sE i e R 4R T
FEAR BRKAF-, (R B 52 g SR S o R B R
BEAR A% 0 )5 SR S TAA & BRI R &, R 32
ABA & 8 DU HE R EAET T 2K F R LE 6 A R S92



412 S N 435
R2 FANEEREMRRAFM
Table 2 Effects of rootstocks on grape fruit quality
fili A it A SN 7 TH FARRRE EE BTN
Rootstock variety Implications Concrete effect Reference
110R.SO4.#ifii3 5  FRKREE P FI/R I ER NAD-MDH BiE VE , (R 3E 30 SRR R, BRI IR AT AR, i [29-30]
110 Richter,SO4, Malic acid content WE IR T 1l
Kangzhen No.3 Increase Cabernet Sauvignon NAD-MDH enzyme activity, promote malic acid
accumulation, reduce oxalic acid and citric acid, optimize sugar-acid balance
110R,S04,3309M R T A o2 P [ R L [30]
Soluble solids content Significantly increase the solid-acid ratio
1103P HERR T #f BRI [35]
Sugar-acid balance Higher glycolic acid content
SO4,5BB HEH AT A AN T i (R B AR T VA VR R T 5 [26,28]
Flower glycosides, Increases anthocyanins and tannins content, but decreases soluble solids
tannins content content
140R TR i, 8 VwCHS VvDFR %5 52 R AR HEAE 75 45 1, sk €, [18]
Fruit skin color Up-regulation of genes such as VvCHS and V'vDFR promotes anthocyanin
synthesis and accelerates color transitions
IAC 313,IAC 766 AE T IE(Y B )5 28 disIEAE [27]
Anthocyanin peak Peak 28 days after color change
BLRAGA T 75 PRI B 43.20% , 235 5 T 3309 SBB, W SREBE A Ik (23]

Xiahei rootstock

Linalool content

Linalool amounted to 43.20%, which was significantly higher than 3309 and
5BB, and enhanced the rose flavor

QN,3309 REAREE I WLoXA VvADH 3R 1R R R R 2 5 S F R [24]
Total aroma content Up-regulation of V'vLoXA and V'vADH genes to enhance single fruit mass
and total aroma
SB T EE WU MEP & 12, A KUK i Ji [24]
Salt Creek Rootstock Aromatic substance Activating the MEP pathway to optimize flavor quality
synthesis
3309M ST B3 T AR [34]
Fruit hardness Significantly higher than other rootstock combinations
ilti3 5 PERCER PR C R S R L [25]

Kangzhen No.3

Vitamin C content

Increase vitamin C content and solid-acid ratio
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Table 3 Effects of rootstocks on cold tolerance of grape

Tili A ity Ao PN R R BAR R ZE R
Rootstock variety  Evaluation indicators Concrete effect Reference
Dk i 25 AN H S 2 BB T T N 21K, 2R « VA P 5 2 e, R I s [38]

Beta, Shanhe No.2 Relative electrical conductivity,

Low conductivity at low temperature, high proline and soluble sugar
content, minimal cell membrane damage

AL FRFR bR (MDA OR3P B IS D AR 0 B P [39]

Physiological indicators (MDA, protective enzyme activity)

show more stable changes

4% SOD .\ POD . CAT ¥% 1 J il 22 \ MDA %5 i , A5 A e it [40]
Regulate SOD, POD, CAT activity, and proline and MDA content to
enhance cold stress resistance

[EEZEs T [41]

Most cold-tolerant

i FE VL 55 [41]

Weak cold tolerance

Rootstock permeability regulating substance

S04,196-17 fIGi P R e 1
Low-temperature stress stability

157 FURALEG 555 7

Beta Antioxidant enzymes and osmotic
regulation

CFS57-34 LTs=-25.86 °C

P40-151 LTs=-21.85°C

3309C,101-14 LTy, S 2E L 2 IEAH G

iR FE 1 5 2 A T FAR AL A [42]

LTsis positively correlated with cold tolerance Significantly more cold-tolerant than other rootstocks

PR o SR 22 ZEB0XT 6 A Al A A W BIE AL R OR
CFS57-34 fili A ] LTs, N —25.86 °C , F& 3, H 5% 58 FAT e
FEME 1M P40-151 ik AR F LTs N—21.85 °C, Miif FE ML 55
550 XIER 4 SEIENT 13 Ml AR BT, B LTy
AR FEVE 520 AR S, 3309-C L 101-14 AT HAd RS A
AR T FE MR, X EERF T4 TN FEN HLIX BT
FEM B ARG IR TR KR

WG, Tl A I 8 425 i 26 T SE M 1) 71 B, 20 %
BRI GE T FERMEERE. PRI, i
1Ly 78] %) il A 7 () VaCOLDI1 & (13 it 5 VaGPA1 H.
YE¥0% CBF-COR 3 % , &k 3 14 5 8 470 (1 AR R i 52
PE, A AR IE B ML B MR AR TR T
DUEREA 1) VAMYB60 %% 55 IR -~ 388 1o 18 425 186 155 1
IO PRI R0k e AR A R R P i3 S SR ) 1 i
FEM i SR, R AR i R AR T OCEELA
PEPRE, AR, AME MeJ A 38 I S0E 2K T &R Ak
AR BB VPALLO SRS 5 7 Fd %, B
8 i A PR RE D AR P a8 T 52 1 AR BT
FEVERF FEHEAE T B B R R R, S R
X VaCOIl W15 AT T AEWE B2 o B AR IR 5 5
Feak T, LAIRAIE VaJAZ9 5 VaCOI1 & 4 22 [8] f A
HAEH, 30 ik FIE VaJAZ9 M1 VaCOIT (35 I H
YT T HUFETH LIS IE A QRT-PCR 2047, B 1E 4R
e ] 2 (T SV S 3 T 5 T PR R R B AR R
4.2 BHARXTEE 2 MRS

il A 58] 267 i 57 10) 5 ol 2 i 28 AR BT 9 1) —
ANEEIRA, JUH AT R ECE T R X, B AR ik

PHEBEXRIEENAEKRE M E R, Sk
VIE B, B 38 i 2l A L e Y 5 8 v A A 0 T R
&R RE T . SRR R B, G4 1103P iR
PR S ECR E AET R N R I R S I
FEXT B 7K & A R PUA B S PEAEUIR 1 AL
B bR e AR Bk . A, FE SR M R
VVMYBPAT 5 DR 75 1 5 0 37 1 45 vh b B 2R A,
b Rk RE I R AL S AR I PU R BE /1. Ren
SRR SR, DA RS AR I 5% KT VaMYB2 8
ok & R L 4% 3R MDA &, $2 5 POD.
SOD HI CAT %5 B 14 , ¥ 35 14 9 14 %) XJ Eh A 5
FoIR A PRI 32 1 o Ko Z5“WJF 70 36 I, 48 430 3 Al K
JE I Y R P R P AR SR T KO B 2R R
(VWWPIPs/VVTIPs) [F3RIE , G 1 A 7K
R, 58P %R A A L, X T R 52
PEFE SR, XL EE ORNAESE 1 Rb ACE o A R T
AR SR A A (T SR R SRR A I B SR L
T HEB K

Bl AT 5 1 22 e 5 AR SRR M DA O .
o SO L B T 4 AE 110R Bilfi A b B8 B 3 R0 1 AR
B RKIGHE B AR T 54 N RIS S i A
K& R KBRS S5, B 3R o B iE s,
T1OR il A 2 35 45 5y 1 e Rl ) A S . AR
ST 17 ANk A S ol () e ) oy 2 A A3 i AR
M BT A8 i 435 ) 2 5 S5 4 b 5 i 1k 2 DA O
oAb 1103P SBB FlYH[ 5 9 5 fili AR I HH Bl 53 fr -
PEo X LR TR B, fli A N 5214 1T Be 5 i 45



414 3B i)

S 4

43 %

(it 7K B8 0 B FE X 38 1 S B2 %A % . Li Bk
KB, T 54T, i 260K 1103P @ i $2 &
ABA F 5 3G A 5 2 R RO AR N S LT R
WD IR A AR e TR B 3 5 38 0 HLO, 175 W g v 12 LA ik
B , T OREF S 6B R At 27K
&, B0 T BURRE AR 101-14. 11 % VaCIPK 18
5 VaPYL9 [ B AE R R /R T KIE ABAS 5
BB R IV LE D) RES

Fili A i P PR SR DA 45 SR AP — S 5, X
A g 500 2 1 VRN TR AR AT B RIS VR G
i B 4 S B & T 110R 1103P F1 5BB fili A, & B
T1OR fili ATE T T2 26 T R B 8 v 1) i S8 A B VS
PE A0 &R AR R OK P, i S M HE R O 110R>
1103P>5BB; 1fij F #t 55 ™ (1) F 70 W] 753 1 1103P>

5BB>3309C>S04 [ 4518 . X 2 7 S B 7 fili A
fif SR R e, TR A 2 Mabr CE G R B
AT XA PR [ NS AT R G V. ZEDE
AT R X, KGE 1A K (41B.161-49C) il it
P R7K o R B AN PR R AR K 38 5 1 PHIL
Fhift 44, S EU™ B PR (AR SRR LA 2 1 & =
B M S 1R AR (1103P 110R) | F- 1858 1 7K 43
BN IR RS RE 7T, TR T B 77 &, 2R W)
i A 326 43¢ e AN . 57 3 LA 5 7 R it i 1) 7 SR
(KD,
4.3  BHARXTEE T E M RS20

il AR F 48] 267 T S 12 XD 52 M ] 267 SR i v S % 2
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Table 4 Effects of rootstocks on drought tolerance of grape

TP NTE P AR FAR SR 225 3CHR
Rootstock variety Evaluation indicators Concrete effect Reference
filiA< 1103P HE SRR OCE R U TR R YRR R AR EOK R DG E J2 SOD\POD - CATF L,  [47]
1103 Paulsen Leaf water content, photosynthetic BRI AARATTFEIE ; VwMYBPAT 5: PR 2 Bt 2 0 [
efficiency, antioxidant enzymes Maintaining high relative leaf water content, photosynthetic rate , and
SOD,POD,and CAT activity under drought conditions, reduces oxida-
tive damage; the V'vMYBPAI gene regulates drought resistance responses
ik JHZRL 252K \MDA & 5 L VAMYB2, (eI SR AR R S R T R P SR i R [48]
Beta Proline, chlorophyll,and MDA Upregulation of VAMYB2 enhances proline accumulation and
content antioxidant enzyme activity ,improving drought tolerance
110R PR AERKE O FKS DeE S8 REBR G B3R & T R N AR R AR, o o [50]
New shoot growth, leaf water TIE S BE AR S R
potential , photosynthetic parameters ~ Grafting Pinot Noir significantly improves growth and water potential
under drought conditions,and principal component analysis confirms
overall drought tolerance improvement
1103P.5BBJTj 95 M 4514 T 778 5 fi 7 ) S IEAR R [51]
1103 Paulsen,5BB, Leaf anatomical structure Drought tolerance is positively correlated with water storage structure
Riparia No.9 Rootstock
1103P,101-14 ABA S B AR ZHER AL 1103P BRI ABA RIS R TR A K AN K ST HLOLT BRAE [52]
ABA content, stratum corneum wax /7, T 101-14M
content,and stomatal regulation 1103P reduces water loss by increasing ABA and wax deposition,
improves H,O, clearance capacity, and outperforms 101-14M
110R,1103P,5BB PURAC BRI 2 R AR R i 4% HEF - 110R>1103P>5BB [54]
Antioxidant enzyme activity , Drought tolerance ranking: 110R>1103P>5BB
proline accumulation
1103P,5BB,3309C,  Zxeviif #AEIFAY it S HE : 1103P>5BB >3309C > S04 [55]
SO4 Comprehensive drought Drought tolerance ranking: 1103P>5BB>3309C >S04
resistance evaluation
41B,161-49C AR, k% RIS Sk R EGBERRHL AN W 20 B L [56]
Water use efficiency, hydraulic Lower water conductivity , increase sugar-acid ratio and polyphenol
conductivity content, but reduce yield
1103P, 110R IR IEHR TR R HerFR e i, I EGE 1K RIFR 918 [56]
Water transport, nutrient absorption  Maintain high yield by improving water and nutrient transport
TR EERNZZA8 NI i b ek 4= Brge L3H PWPIPs VTIPS 335 , G2 fif it Fr & K BRI i 0T [49]

Rupestris du Lot

Proline accumulation , aquaporin
gene

‘Horozkarasi’
Upregulating V'vPIPs and V'vTIPs expression,alleviates leaf water con-
tent decline and improves drought tolerance compared to ‘ Horozkarasi’
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GAlR

TS 6 i A FR) A= EEAL ) 04 B -k R W SoR Bt
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FE R IE 24 N BRI AR R BB K\ Ca* i
Mg™, F PR Na M C1 AR 2R, AITTZERE IR R
o Yuan ZEURFFE R I, 101-14 Al A I 4041 Na 1
Cl 1) bz b, (e HE 5 KR ise, 32 m e i sa At
fi SOD A1 POD &1, M S 1 vy 7 B & A 4 11
iy $h 44, 177 188-08 H1 SC b A N3G K 1 35 55 (R 521

SR Bl AR TR 25 1R VPN TR 45 & Z R SR A
Bro SRR IR XS 13 iR 2 il A IR 7, 32 AR
X} HL G2 F/F, G Plabs AT 1 g A i & 5 ()
B bR T R AL A (U 110R A1 101-14) BERE £E £ iy
18N OR R i 1) B AR AN AR E 1 L 1T Sh BBk
K (1 188-08 11 3309C ) I 2= i it 4 2% B fie 411 1
JeEAER . HeAh, BRI LR 52 55 i ¥ il AR 4y
SRR AR | R TR AN g I AR 3 2%, R IR
ZLRIA A Tl A 2 B0t A0 5 R i 6 12, V5385 PR
AR ED RS % VM . Lo ay
SR 5T B, 1103P il A I8 o 4 RF K G ToAZ H 4 7E
i IEPEE R RER S E G F/FI R
PrEAER TS 1, 25 1 o IR S B B I 2R B
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Table S Effects of rootstocks on salt tolerance of grape

Bili A iy Ao VAN FRFR FAR Z2 R
Rootstock variety Evaluation indicators Concrete effect Reference
S04 ST HUAALR PR MDA & &, i m rl VR 8 (1 W I =R & 7 S CAT \POD IR %, 22 [57)
Permeability regulation, AR G hia
antioxidant defense Reduce MDA content, increase soluble protein, sugar, proline content and CAT,
and POD activity, and alleviate salt-low temperature composite stress
IAC313,IAC 572 A KIEHIeE 2% FRIAE R A A A R R D, SRS iR AL [58]
Growth index , photosynthetic Under salt stress, growth and photosynthesis decline less, and fruit quality is
parameters better
101-14 BT PRI ROS T R RA# I Na™, 47 K \Na'.Ca” Mg P , 33 SOD . POD . CAT iif P4 & [59]
Ton selective absorption, ROS P U M B2 I R B4 2k
scavenging The root system retains Na‘, maintains the balance of K*, Na’, Ca2’, and Mg™',
enhances the activity of SOD, POD, and CAT, and improves the efficiency of
the ascorbic acid-glutathione cycle
110R, 101-14 vt e St b o PRI K Ca* Mg, B Na' . CI & [60]
lon-selective transport activity Selectively absorbs K, Ca*, and Mg”, while limiting the accumulation of Na*
and CI
1103P A RY I LIS SN RV WG e R i [63]
Photosynthetic protection, Maintaining chlorophyll content, F./F.,, and antioxidant activity
antioxidant enzymes
110R,101-14 AR R E EhIIE N ORIF = FJ/F. A Gs [3]

Photosynthetic efficiency,
membrane stability

Maintaining high F./F,, and Gs under salt stress
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%5 (4£) Table5 (Continued)
TP NEL R HARS S 3CHR
Rootstock variety ~ Evaluation indicators Concrete effect Reference
188-08,3309C Lige s LS e (Ll AEUAL N LB e N B (3]
Chlorophyll degradation, Accelerates chlorophyll degradation and inhibits photosynthesis
photosynthetic inhibition
A AR Y% [R5 A WS EY R ORI ER A IR E PR IS B A M T A A AR R [62]
Hetian Red, Membrane permeability ,organic  Strong salt tolerance , membrane stability, and osmotic regulation substances
Munage permeable substances are significantly correlated
188-08,5C HEINE TN A a4 [61]

Salt damage intensifies

Enhancing rosefragrance salt stress damage

A IE VRS A i ) AR KA = E B O E B, AR
B, i A 38 O % T 4 140 A TR A AR S5 8 2 11
M AR KW PSSP 715 M &
fili A it o P i A, R AN TRl A 7E i R (9 R 30
ZREE . 1E40 °CRiR T, 110R Fl Fercal fili AR F
i, L] 2 Sl AR B e i i F A G A B
JrIE R 1K 3R BT LLR] 2 45 Rl R R FA PR 5, 140R
AR BT AR TS . B 45 AN BoR T RS AT #4
PRI 2 BEPE , R TR I PV AP AL T 22K A
BE— DI TR A, il AR BT A 5 i S 2 ¢
HSECEDIFR . BRI (1 Gl S 45
RS EU Fo FoFJFFJF) TE R R T KA
TR EA. 110R.188-08. 140R Fl Valliant fifi A 1]
A i R 5 0 i 2, 17 LAt R A D) 2 000 fih %
FAE G IR AR I G . BeAh, FAE R IR
BTt 3G 0, (B LE 40 °CLL B TR s FuFU/F N
FJF. I HZAL U7 R, XS HIAIE R

B il AR v I 2 3R RERLAR o ORISR R oy
P2 H, BR No.2 F1 5C fili A 2 L H 55 1y B 27 T 4
PE, FROGIESE 1 i 2 A1 Al AT N 1 1) 282 7

i A S0 ] 2 T A VA PR 52 M 30 A UL AE 56 7K 4 A4
b e s M R T T T o AR I A A S K B A
AERT HL T 2R AE S iR N R BT R R IX R R T R
2 U I PR B AR 3R R o T A A
ik CRATFI i R 5 K a2 FELAR O YL O ek AR
P A BRI R E . LT 2 S R R TE i 2k A
N A i IR ek, 2 B HRE K 4 1 R A
JE AR A B R A TR

W7t 22 B, HTH Rl A J8 i $2 A5 85 2 i ) i
RGN E5HRG [ KT8 8% e KRk
SER RARACBE B T, 2 25 1 0 HLTE s i
RGN 2 1 S R v B AR B AR R 2, A
M ARG A B A% 5 ™ i HAE AT #4hs A (AR 5
PEREI(R6),

®6 FAMEE AR

Table 6 Effects of rootstocks on heat tolerance of grape

Tili A i Ao LR BARKON SR
Rootstock variety Evaluation indicators Concrete effect Reference
i 25 T 40 °Crll R W7 AR i T 2 [64]
Shanhe No.2 Rootstock  Changes in leaf blade morphology Slightly curled blades at 40 °C, heat resistant
110R , Fercal RS AR 40 °CEpil NG il i # i A 45 [64]
Changes in leaf blade morphology Leaf curl at 40 °C, medium heat resistance
140R R AR 40 °Craila i #APERL5Y [64]
Changes in leaf blade morphology Weak heat resistance at high temperatures of 40 °C
BR No.2,5C RSPl TR0 S5 bR B B SR SR A T A [65]
Chlorophyll fluorescence parameters Fuzzy affiliation function analysis shows high integrated
heat resistance
110R, 188-08, et AR HOlu B IR BRI £, TE IR B [65]
140R, Valliant Patterns of daily changes in photosynthesis ~ Net photosynthesis rate has a unimodal curve with no“nap”
phenomenon
HTH R GikasE M (PSI/PSD PE i AR ROR , B BRI G M, G e b 2 i [66]
Optical system stability (PSII/PSI) Improvement of electron transfer efficiency, stabilization of
vesicle structure and enhancement of photochemical activity
i 25 K3 A R AR E Fei, I PRASFARL R KR, D R B Ok [66]

Shanhe No.2 Rootstock

Water regulation, cell membrane stability

Maintains high leaf water content under high temperature to

minimize electrolyte loss
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Table 7 Effects of rootstocks on disease resistance in grape

it Rl A iR 275 3R
Disease type Rootstock variety Resistance performance Reference
L] 101-14,110R, 3309 Hom PERBAL Ot , 2 Hudk [67]
Powdery mildew Quantitative traits genetic resistance, multi-resistant varieties

FEE 101-14,110R,3309, S04 SO4 il A # L 32 15 POD \PPO B P s o1 s FAb RS AR B E R & hitE [69]

Downy mildew

SO4 rootstocks enhance resistance by increasing POD and PPO enzyme activities;

other rootstocks are quantitative traits for genetic resistance

M5 Black pox 101-14,110R,3309 WAL B Dominant genetic resistance [67]
3 07107 41 \GRN-1.039-16 2 fill 5 P RE-BR ClrnAls 36 B, SifE EL B8 dof AN 28 HURs [68]

07107 Series Rootstocks,
GRN-1,039-16 Rootstock

HH 101-14
Leafroll viruses

Fanleaf virus

Control of fanleaf symptoms(e.g., reduced fruit setting rate) , combined with resis-
tance to phylloxera and nematodes

T ABAS 5 IR B AR RN 20 B e 5L BRI 08 , 0 25 52 [70]
Mitigating viral effects by regulating ABA signaling, phenylpropane metabolism,

and cytoskeletal gene expression
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IR BR S AR h A R S 22
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