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Abstract: [Objective] The unique climatic conditions such as abundant sunshine and great temperature
difference between day and night contribute to the excellent quality of wine grapes in Xinjiang, which
is the largest grape producing area in China. ‘Cabernet Sauvignon’, as an excellent wine grape variety,
accounts for 70%-80% of the cultivated area of wine grapes in Xinjiang. However, affected by continen-
tal monsoon climate, grapes are prone to freezing injury, resulting in a significant reduction in grape
yield and quality. In order to avoid or alleviate freezing injury of winter grapes, cold-resistant rootstocks
have been applied to wine grapes. This study was conducted to comprehensively evaluate the cold resis-
tance of the shoots of ‘Cabernet Sauvignon’ grape grafted on different rootstocks, to screen out the ex-
cellent rootstocks that can improve the cold resistance of ‘Cabernet Sauvignon’ grape. The study pro-
vides a reference for cold-resistant cultivation of ‘Cabernet Sauvignon’ grape and rootstock application
in Xinjiang.[Methods]Five resistant rootstocks (5BB, SO4, kangzhen3, 5C and 140R) tested in this ex-
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periment were introduced from Zhengzhou Fruit Research Institute, Chinese Academy of Agricultural
Sciences, and the scion was ‘Cabernet Sauvignon’ (CS). The rootstock-scion combinations included
CS/5BB, CS/S04, CS/kangzhen3, CS/5C and CS/140R. The self-rooted 'Cabernet Sauvignon' plants
(CS) were used as the control. The experimental rootstocks were planted in 2014 and hardwood grafting
was carried out in 2015. On November 10, 2018, winter pruning was carried out and shoots from the 6
scion-rootstock combinations or self-rooted plants grown under the same conditions were selected
and stored in sand. The shoots were exposed to artificial low temperatures of -12 C, -15 C,-18 C,
-21°C,-24 °C, and —27 C. Physiological and biochemical indicators, such as relative conductivity
(REC), malondialdehyde (MDA), free proline, soluble sugars, soluble proteins, bud germination rate,
activities of peroxidase (POD), catalase (CAT) and superoxide dismutase (SOD), and other physiologi-
cal indicators were analyzed. Shoots stored at 4 ‘C were used as the control. Semi-lethal temperature
(LTso) was obtained from the regressed logistic equation of relative electrical conductivity vs tempera-
ture. The data were subject to principal component analysis for comprehensive evaluation of cold toler-
ance. [Results] With the decrease in temperature, the relative electrical conductivity, malondialdehyde
content, soluble protein content and CAT activity of all the varieties showed an increasing trend, but the
increase range was different. The sprouting rate of shoots decreased gradually with the decrease in tem-
perature in the range from 4 ‘C to —27 ‘C. The sprouting rate of CS/5BB was reached 5% at —27 C,
which was significantly higher than those of the other grafted plants. The sprouting rate of self-rooted
CS plants was the lowest, being 0% at —27 ‘C. The contents of free proline, soluble sugars and the activ-
ity of POD increased first and then decreased during temperature drop from 4 ‘C to —27 °C. The content
of free proline reached a maximum at —24 ‘C, while the SOD activity showed a “rise-decline-rise-de-
cline” trend. The semi-lethal temperatures of CS/5BB, CS/SO4, CS/kangzhen3, CS/5C, CS/140R and
CS were —20.09 'C, -19.37 'C,-16.94 'C, -16.31 'C, -14.74 °C, and —13.43 “C, respectively. The prin-
cipal component analysis indicated that MDA content, free proline content, soluble protein content,
POD activity, germination rate, soluble sugar content and CAT activity were important indexes for eval-
uating the cold resistance of grapes. [Conclusion] The cold tolerance of ‘Cabernet Sauvignon’ plants
grafted on the six rootstocks from high to low was CS/5BB> CS/SO4> CS/5C> CS/140R> CS/kang-
zhen3> CS.
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Table 1

Logistic model and semi-lethal temperatures of shoots

i Cultivar [7] )75 £ Regression equation

9% 24 () Correlation coefficient LTs = - (Ina) / b/C
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Fig. 8 Effects of low temperature stress on CAT activity in

shoots of ‘Cabernet Sauvignon’ on different rootstocks

. [FE, fE-27~4 CRERIN BN , 6 PR
2 il B2 A A R 2% POD S5 MRS in &4 ) & CS/
5BB & 81.96 nmol - min'' - g ', CS/SO4 ~ 58.99
nmol-min”-g",CS >4 40.67 nmol - min" - g", CS/140R
A 47.46 nmol'min™"-g,CS/5C 4 37.67 nmol-min™"-g ",
CS/kangzhen3 A 60.50 nmol-min - g"'.
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Fig.9 Effects of low temperature stress on SOD activity in

AERE

shoots of ‘Cabernet Sauvignon’ grape on different

rootstocks

T TP 46 %) fli R ZEL A i PR 2% SOD i 4 38 Jn & 43 il
#= CS/5BB N 24U-g',CS/SO4 }2032U-g",CS N
1732 U-g',CS/140R N 6.51 U-g',CS/5C 4 35.3
U-g',CS/kangzhen3 4 39.32 U g,

2.6 AEAAK FREW FERFMBENESITEN
2.6.1 AKIB M8 G & A5 AT T AL F AR A B
IEFH SPSS 19.0 73BT 8 25 470 7€ A8 2 A AL R b
AT ERT . B, M 24 CIRIRE M E S &
FRAR B AR A R, AR A0 2 =N 52 1 — X BRED /% &
B TENZEE VRN IR 46 E 4 L 15 2045 4 A0 30
(3 2).

AERSFIENRREL R

Table 2 Standardized data for comprehensive evaluation of cold resistance of shoots of ‘Cabernet Sauvignon’

grape on different rootstocks

AR AR A A

fmFf Cultivars fl?/?(:iii\ifyla_ E}inﬁrfeGermina- I\V/?DA% ffff Soluble Solul?le gé ;%1033 & gjr\' fea b AL Tl
sugar protein SOD

CS/140R -0.541 0 -0.289 6 0.5512 0.840 6 0.242 3 0.441 6 0.738 6 -0.428 0 0.402 5

CS/kangzhen3 -0.288 0 -0.627 6 -0.0250  -0.2750 0.2537 1.162 4 -0.548 0 1.903 8 1.3975

CS/5BB 0.069 6 1.676 4 -1.176 0 -1.5120 0.448 3 1.3326 1.5450 -0.613 0 1.6793

CS/5C -0.1570 -0.060 1 -0.097 0 0.1232 0.363 2 0.506 3 0.016 1 -0.843 0 0.020 6

CS/S0O4 1.700 3 0.6327 -0.5310  -0.6070 0.200 5 0.893 3 0.967 7 -0.5950 0.082 1

CS -0.784 0 -1.3316 1.278 2 1.430 5 0.5159 1.128 2 1.2100 0.5753 0.745 7

2.6.2 AKBMRE B B FEAR TR RSB FH £3  ERSEMAE

A FIH SPSS FriE & £ i e E‘]fﬁ{ﬁ ) £ Table 3 Component eigenvalue

*ﬂjﬁﬁi/\ 1.2.3 Xﬂ‘ L¥/ﬁ|\?ﬂ-‘;€ IéE/J ﬁjiiﬁu%% 3 A HCUAFFAEE Initial eigenvalues

BT, A PAAS 50, FE R 1 S 1aEr A BEA 5 Rm Ij’iincipal f;m:ﬁt " filé % /5 % Variance f*ﬂm?t%ﬁ‘% .

L )T S8 BB BB Charstrisie (g, Comla vraee

Z)N 63.035%, Es 2 %Taﬁfﬁ?ﬂﬁjﬁ 313,51 5.673 63.035 63.035

WRZE RRRE T 2200 14.590% , RATTHR R (R 2 1313 14590 77.625

J5 22k 77.625%, E K5 3 %Ta%%ﬁﬁjﬂ 1.106, 3 1106 12.285 89.910
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TTHRZE R 12.285% , RATTERZ CREUERE 7 22) 1&
89.910% , K EAHT 3 N F MK T 9 MR IEIR
89.910% 15 &, BT LA = EHE HUHT 3 > s FAE
Lra v .
FIH SPSS A EEHE 32 5573 7 A 7= AL 1) 32 oy
B IR 4 Pros, ERr 1 FEEW ) MDA
R VAER S E. B E D S EPOD. I AR
A5 2, s 2 BT B2 nT i P & 2 1015
B ERGr 3 B CAT B R
R4 EWSVIEEFEHEN
Table 4 Component Matrix

HEALERAR ERST EHS2 BRSNS
Biochemical Component  Component Component
indexes one two three
AN HL S 2R A 0.537 -0.313 0.467
Relative conductivity

[t -0.800 -0.581 -0.079
MDA content

R & -0.832 -0.086 -0.453
Proline content

AL ERE 0.443 0.801 -0.313
Soluble sugar content

EEE A S E 0.965 -0.141 -0.126
Soluble protein content

Tt A S 0.963 -0.040 0.193
POD

b S A S -0.662 0.308 0.618
CAT

R S A A IS T -0.794 0.325 0.367
SOD

i 2 2 0.963 -0.089 0.088

Germination rate

263 ARERFER BBHHFLESRENGH
& EPUFE S Ft KNG 6 AR AT 24
%5 Frown, fF e 45 SRy CS/5SBB>CS/S04>CS/
5C>CS/140R>CS/kangzhen3>CS.

R 37%
3 %W W
3 MEEK . EHNBESEXRREHILEE (LTS
MEMXER

AR AR R AE IR FA SR BN AL PE
SEATT AR I8 5 R AR B R 443 1
E 1 RPN H G ISR 55 10— FhOUT ik, /& R 08
VRS 2 BONAR G I TR AR R Y R 2 B
it EOARERNH. 72N HZIT %R, BL
SERAT A DTN, AR IE AR X
TR AE Logistic My FETHH A BULR L, KL
LT AR B2 A A ) 45 R I A — B, @ Lo-
gistic M £k J7 R 45 A PR A RV 1A 2F A 1 5 59 RE L
WAR BB S5 U 9 59, 0 PUREVE A PEA B EEAR
HEM -

L)% B W GV T 5 iR ER BT
Wi, 240 60 K 8 B B3 P 8 O 5 AT 5 40 L Y
HLE B ANE T BUEY A IR SR WA L3 R K
FEARIR PP IER , TTE PR A9 R A A it ot 240 i 38
BEVERNE . N B S 3 (REC) 52 [ MBI AL 23 7%
R e 0 R R85 1k K/ B B L SR A, 0 4 S )
PUIENE R T3 , JUHGZBCBL Logistic #1277 12,
A 35 RUIR BEIRAT - BOBIER L (LTs) B RE TR 3
AR BT 52 (FIRIR AR BR , FER ) PUEVERT U 2
JUR R e ARG 5 SR RO, B A i B
FRIBEAIR » 6 Al (3t 1 78] ) 50 20 A KT H 32 30 32 4 o A
T L AL B E) 2 D] ST R 2k, X R
SEMRAR e SR PR FUAR — B BiAh, A iRiE
AR LS 2R L Logistic 7 B4 A - BUER E 15
PR ER B MR A LT 45 R 5 AR SR ) /iy 5
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Table 5 Principal component value and cold tolerance of ‘Cabernet Sauvignon’ on different rootstocks

d A B! Tor2 T3 P TI(FO e
Cultivar Component one Component two Component three Cold resistance(Ft) Order
CS/140R -0.987 1 -0.491 0 -1.0711 -0.917 8 4
CS/kangzhen3 -1.949 6 1.053 5 1.661 7 -0.968 4 5
CS/5BB 3.5953 0.014 3 -0.045 4 2.5165 1
CS/5C 0.423 7 0.0587 7 -0.780 5 0.200 1 3
CS/S0O4 2.0131 -0.385 6 0.742 0 1.450 0 2

CS -3.095 4 -0.250 5 -0.506 5 -2.2805 6
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B, AlGimid SPSS E a6 Fh itk
CIREEER A R A PUIEERAT A VPN 15 1 4
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e & AN S RERA 5 BRI H A
A8, 36 BIX 45 F 5 R AT e A R - B0
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