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Comprehensive evaluation on resistance of different grape rootstocks to

vine dehydration and drought stress during overwintering

LIU Jingze, CAO Ning, ZHANG Yanxia, CHEN Zumin, SHI Xiaomin, WANG Zhenping’
('School of Agriculture, Ningxia University, Yincuan 750021, Ningxia, China)

Abstract: [Objective]The low temperature and dry air during winter and spring in the arid and semi-ar-
id areas in Northwestern China causes the vine shriveling, which seriously affects the yield and quality
of grapes and restricts the development of grape industry in this region. The resistance of grapes can be
improved by selecting appropriate rootstocks with high resistance by grafting cultivation. This study
aimed to selecting highly resistant grape rootstocks that were suitable for planting in this area by com-
paring the resistance of vines to shriveling and drought. [Methods] The experiment was carried out in
the grape rootstock germplasm resources nursery of Ningxia Yuquanying Farm. 12-year-old grape root-
stocks were selected as experimental materials including 3309C, 161-490, 196- 17, 420mgt, Riparia,
1103P, 110R, SO4, 41bmgt and Rupestris du Lot. Ten kinds of rootstocks were not buried with earth or
applied with any cold-proof measure in winter and the shriveling-resistance of rootstocks was evaluated
by investigating the bud break rate of the annual and lateral shoots in the spring in the following year.
All the rootstocks were not stressed after investigating the bud break rate with normal water and fertiliz-
er management. The rootstocks were treated for 30 days in response to drought stress after full irriga-
tion on August 14, 2017. The degree of drought stress was observed by measuring the predawn leaf wa-
ter potential. On the 0", 10", 20"and 30" day after drought stress treatment, P, was measured by the pho-
tosynthesizer 3051D and the functional leaves in the middle of each variety were collected and frozen
in liquid nitrogen. The samples were taken back to the laboratory for determination of MDA, Pro and

soluble protein contents and SOD and CAT activity. Comparison of differences in physiological indexes
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of grape rootstocks under drought stress was performed by different significance tests, the 30" day phys-
iological indexes of drought stress were evaluated by the membership function method. According to
the average membership value, the rootstocks were divided into 3 drought-resistance types: 0.00-0.30
referred to low drought-resistance (LDR), 0.31-0.60 to moderate drought-resistance (MDR), and 0.61-
0.80 to high drought-resistance (HDR). [Results] The results showed that there were only 3309C, 161-
490, 196-17, 420mgt and Riparia sprouted in the spring of the following year and the bud break rates of
annual vines were 79.85%, 57.35%, 64.02%, 47.93% and 24.8%, respectively, and the bud break rates
of the lateral vines were 72.94%, 75%, 61.87%, 52.95% and 50%, respectively. The bud break rate of
other rootstocks was 0 and the annual vines were shriveled and dead. Therefore, the order of the resis-
tance of vines to shriveling according to the bud break rates of rootstocks was 3309C >161-490 >196-
17 >420mgt >Riparia, 1103P, 110R, SO4, 41bmgt and Rupestris du Lot. After drought stress, the leaf
water potential and Pn decreased, MDA and Pro contents, and the activity of SOD and CAT increased.
Except for Rupestris du Lot, soluble protein contents in other treatments increased with the enhance-
ment of drought stress. The leaf water potentials of 1103P, 3309C and Riparia were higher than other
types and higher water retention capacity was observed at 30th day after drought stress. The Pn of
3309C was the lowest and its photosynthesis was almost unaffected by drought stress, whereas Pn with
41bmgt was the lowest 30th day after drought stress. The contents of MDA with 196-17, 161-490, Ri-
paria and 3309C were lower than the rest types and their degree of the membrane lipid peroxidation
was serious after drought stress for 30 days. The Pro content with 196-17 was the highest among the 10
types of rootstocks after drought stress. The SOD activity of 1103P and Riparia and the CAT activity of
196-17 and 1103P were significantly higher than other types and higher contents in 196-17, 161-490
and 420mgt were found whereas the reverse was true with SO4, Rupestris du Lot and 41bmgt at 30th
day after drought stress. Correlation analysis of various indexes of rootstocks at 30th day after drought
stress showed that the Pn and MDA contentwere significantly negatively correlated (p << 0.05), the con-
tents of MDA and Pro were significantly negatively correlated (p << 0.01), and the activity of SOD and
the content of soluble protein were significantly negatively correlated (p << 0.05). However, the content
of soluble protein was significantly positively correlated (p << 0.05) with the activity of SOD. Accord-
ing to the method of membership function to comprehensive evaluation on all physiological indicators,
the results showed that 3309C, 196-17, 1103P and Riparia were of higher drought resistance, 161-490,
420mgt and 110R of moderate drought resistance, and SO4, 41bmgt, and Rupestris du Lot of low
drought resistance. Therefore, the order of the drought-resistance according to the average membership
value was 3309C >196-17 >1103P >Riparia >161-490 >420mgt >110R >S04 >41bmg >Rup-
estris du Lot. [Conclusion]Rootstocks 196-17, 161-490 and 3309C were more suitable for applying in
arid and semi-arid region, in terms to the resistance to vine shriveling- and drought stress, whereas the
SO4, Rupestris du Lot and 41bmgt were lower than the other types. When the drought-resistance of
1103P was strong, the resistance to vine shriveling was weak. Therefore, the rootstock resistance to vine
shriveling- was related to its resistance to drought stress, but both were not completely consistent. In
summary, rootstocks 3309C and 196-17 possessed higher resistance to drought stress and can be used as
rootstocks where no mound was required in the arid and semi-arid regions of Northwestern China.
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Table 1 The germination rate of different rootstoc

At —EEAERRET IR Fil R 17T 25 2
Cultivar The germination rate of annual branch/% The germination rate of secondary shoots/%
1103P 0.00 0.00

SO4 0.00 0.00
Rupestris du Lot 0.00 0.00
41bmgt 0.00 0.00
196-17 64.02 61.87
161-490 57.35 75.00

110R 0.00 0.00
Riparia 24.80 50.00
420mgt 47.93 52.95
3309C 79.85 72.94
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The variation of soil water content of different rootstocks under drought stress
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Fig.3 The variation of leaf water potential of different rootstocks under drought stress
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Table 2 Effects of drought stress on net photosynthesis rate MDA and Pro content of different rootstocks
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Day 10 Day 20 Day 30 Day 0 Day 10 Day 20 Day 30 Day 0 Day 10 Day 20 Day 30

Day 0

42.62+0.62 cd

4.2240.22 cde 4.274+0.56 abc 23.38+0.61 bed 26.67+0.70 cd 31.12+1.00 ¢

4.97+0.17 ab

3.77+0.06 cd
4.44+0.07 ab
4.39+0.17 a

3.53+0.10 ¢

5.54+0.07 b

5.63+£0.23 ¢

8.87+0.32b  7.77+0.15 abc
9.07+0.81b  7.17+0.34 bed
7.96+0.48 bc  7.52+0.58 abc

7.23+£0.07 ¢

1103P
SO4

35.00+1.52 ¢

24.24+0.18 bed  26.05+2.01 ¢d 30.37+2.02 ¢
23.20+£1.98 bed 24.46+1.99d

25.85+1.92 be

5.17+£0.07 a
5.07+0.53 a

6.16:0.29 abc 5.37+0.17b  4.19+0.03 a

6.77+0.04 ab
4.04+0.19 d

33.88+1.04 ¢

25¢

39.68+0.92 de

56.57+1.01 a

29¢

52.38+0.71 ab

53b

79 ab 54.89+2.71 a

— = —

30.36+

4.73+0.11 abc
5.04+0.27 a

5.01£0.11 bc  3.31+0.25¢

4.67+0.37 ¢

Rupestris du Lot

41Bmgt

34.73£2.26 b

5.20+0.43 a

4.92+0.12 a

4.41+£0.07 a
3.57+0.10 ¢

5.8740.32 ¢

3.88+£0.08 bc  25.15+42.01 bc  34.73+2.35b  32.98+
22.14+1.44 cd

3.94+0.16 bed 3.86+0.13 de

3.76+0.04 cd

5.61+£0.36 b

6.82+0.05 ab

8.40+0.54 a

10.67+0.26 a

196-17

25.77€1.87 cd 41.55+

24.52+0.24 d

3.95+0.10 be

3.91+0.05 de

5.10+£0.25bc  3.37+0.17 ¢

7.96+0.48 ab 6.61+0.11 ab

7.1840.15 ¢

161-490
110R

42.89+

19.75+0.18 d

4.40+0.07 bed  4.61+0.24 ab

6.47+0.22 abc  4.97+0.38 bc  4.12+0.14 ab 4.29+0.12 bc
5.60+0.06 ¢

8.770.15b  6.73+0.13 cde
8.17+0.34 bc  6.30+0.21 de

42.51£2.62 ab 48.49+2.90 be

27.31£1.90 ab  34.52+1.36b

3.52+0.04 ¢

3.984+0.11 bed 4.13+0.14 cde

5.26+0.13 bc  3.44+0.20 ¢

5.52+0.17b

Riparia Glorie

420mgt

36.23+2.86 ¢

31.14+1.80 a 30.96+0.73 bc  31.82+1.43 ¢

4.53+0.16 ab

3.72+£0.04 bc  3.90+0.42 bed 4.29+0.27 cde

3.38+0.17 ¢

5.97+0.59 be

8.52+0.58 be  7.83+0.39 abc

21.68£1.27cd 44.23+2.48a 46.89£1.30a 55.51+£3.51a

3.69+0.16 be

3.53+0.08 d 3.67+0.34 ¢

6.80+0.29 a

8.39+0.29 bc 7.27+0.13 abed 6.93£0.43 a

3309C

ENGE

Note: Different lowercase letters in the same column indicate significant correlation(p < 0.05). The same below.

T Al — B R NG R R 22 57 825 (p < 0.05) .
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Day 30
49.32+0.76 a
17.34£1.56 cd
7.05£2.41d
51.76+4.70 a
40.38+1.51 ab
27.91+0.54 be
16.53+£0.72 cd

30K

20K

Day 20

28.40+2.02 bed
18.16+5.34 bec 29.27+5.23 bed
34.96+1.69b 43.63+7.37 ab

20.83+1.39 ¢d
17.74+0.60 be 20.20+3.55d

F10R
1371133 ¢

Day 10
11.92+0.98 bc 34.15+5.86 b  29.00+3.55 bcd 34.15+5.86 b

17.0741.24 ab 51.22+6.42 a
11.65+0.72 bc 22.49+3.02 bc 33.06+4.72 abed 30.08+4.79 b

CAT activity/(U-g")

HOR

Day 0
8.9442.61 ¢

AR
6.2342.12 ¢

E)

Table 3 Effects of drought stress on net photosynthesis rate, soluble protein content of different rootstocks

7,

7
987.62+15.53 ab 11.384+0.47 bc 26.27+2.66 bc 30.93+3.62 becd 36.31+1.47 b

931.26£10.49 be 12.20+1.08 be 24.61£1.78 be 39.02+5.77 abe

999.15+5.87 ab  20.32+3.09 a

881.30+32.93 ¢
887.71+£12.35 ¢
1014.53+17.61 a

Day 30

HH30K

981.19+18.10 a
960.72+13.50 a

872.34+14.55 be
977.74+6.13 a

H20K
845.69+25.49 ¢

789.08+47.71 cd 947.91+25.72 ab  991.47+21.40 ab 20.87+2.67 a
974.87+5.27 a

Day 20
704.53+60.94 d  896.68+29.96 abc 908.20+20.97 ¢

Day 10
815.98+36.07 ¢
605.90+40.26 ¢
967.93+1.57 a
943.53+2.47 a
944.65+23.64 a

FH10K

SOD activity/(U-g")
839.03+£10.94b 845.34+5.02 be

HOR

Day 0

*3 TEHEMNTEAFMARREEDSEMRIPEEENFR
A A B

4.99+0.37d 726.31%11.53 ¢
6.46+0.33 bc 929.98+12.35 a

Day 30

30K

Day 20

20K

3.27+0.21 ¢ 3.3540.19d 6.28+0.26 bc 635.36+30.29 de 924.86+1.28 ab  924.91+31.74 abc 1038.86+43.27a 11.65£1.90 bc 34.15+5.86 b 48.78+1.24 a

3.13+0.05¢ 6.24+0.26b 5.16£0.23d 757.05+19.97 ¢
4.96+0.18 b 6.09+0.36 b  6.73+0.29 ab 693.00+33.67 cd 836.47+12.62 bc 927.42+55.08 abc 938.95+7.13 be

5.81+0.11a 6.22+£0.12b 7.47+0.30 a
4.83+£0.60 ab  4.86+£0.21 b 5.73+0.12 bc 6.29+0.06 bc 938.95+25.52 a

Day 10

FH10K

4.05+0.08 abc 4.79+0.09b 6.52+0.51 ab 5.714£0.38 cd 577.20+30.12 ¢
4.26+0.19 abc 4.37+0.14 b 5.70+0.42 bc 6.85+0.04 ab 745.52+37.72 ¢
3.88+0.52 be

4.5140.24 abc 4.63+£0.22b 5.59+0.34 bc 6.46+0.16 bc 940.23+31.17 a

4.09+£0.32 abc 4.83+£0.60 b 7.32+0.38 a

Soluble protein content/(mg-g")

wOATETEER D
HOR
2.22+0.10 d
3.49£0.35 ¢
5.10£0.25 a

Day 0

Rupestris du Lot 4.13+0.12 abc 4.3740.18 b 4.86+0.35¢

i
Cultivar
1103P
SO4
41bmgt
196-17
161-490
110R
Riparia
420mgt
3309C

SOD JEPEAIRT UG, 5 H AR 5 N fh 2 RIA R K
Fo 196-17-1103PL 110R I 5 H CAT & PE# Ry » H
H1196-17.1103P IS AP 5 AR 6 AN b 22 7k
P 5% K, 41bmgt [ CAT 3G RAR, S5 H 4 74
w2 S 51 IA B B 2E K
25 TEWETARMAZERERIMEXME

K 4 AT, T 5008 30 d J5, iR L &R
2HEMHFHRANZEBESEERENMHK(P <005,
TR iR S B S R & & & SOD i
PINWEZE MR (p <00, 5HHETHEASES
BEEEAMRX(P<0.05. Wi, ARG ES
CAT V&R B EIEM K (p<0.05, iEHEEA S &
5 SOD iE 2 W& IEHHK (p<0.05). R KHE
HOG A 2 SOD iE PRI CAT 3 1%, R IEAHSE, 5
Al E AR S BRI ED S 2R MM
T EANEE.

R4 TRFEAZEDIEIRAEXN
Table 4 The correlation of physiological indicators of
different rootstocks

X1 X2 X3 X4 X5 X6 X7
X1 1
X2 -0.556* 1
X3  0.368 -0.745%* 1
X4 0.248 -0.620* 0.494 1
X5 0.541 -0.757**%  0.366 0.681* 1

X6 0426  -0.488 0.596% 0234 0541 1
X7 0285 -0.141  -0356 -0.104 0325 0.050 1
XL AR X2 N R X3, AR X4, R R A
XS. AN B AL (SOD); X6. I A b A M (CAT) s X7. I Fr K
*RINAHINE L (p < 0.05) s ¥+ FIRAH MR (p <0.01).
Note: X1. P,; X2. MDA; X3. Pro; X4. Soluble protein; X5. SOD;

X6. CAT; X7. Leaf water potential; *indicates significant correlation

(p < 0.05); **indicates extremely significant correlation (p < 0.01).

2.6 FAEEFMAMBHNRERLE

K S5 oR 020 T R 5 30 R &Rl A
FKB LA R N R R TE A
SOD. CAT 5§ 7 Tl A B4 b 2 AT B 5 V27 & PEAN
(3R 5), 4 1 ¥ 8 8 B2 45 H o 5 M s i ot b
1103P196-17Riparia.3309C ; Ft 5 M HH 2 1 i ARy
110R. 420mgt. 161-490; Ft F- P 55 ¥ &t Fl 2y SO4.
Rupestris du Lot.41bmgt. K45 735 5 J& B % b A
sl PP ALK KN : 3309C>196-17>1103P>Ripar-
ia>161- 490>420mgt>110R>SO4>41bmgt >Rupestris
du Lot,
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Table 5 Subordinate level of drought resistance of

different rootstocks on 30" day

st il

. Xl X2 X3 X4 X5 X6 X7 X8 X9 Xl10
Cultivar
1103P 1.00 0.41 0.56 0.39 0.52 1.00 0.95 0.688 3 HDR
SO4 0.32 0.33 0.02 0.86 0.07 0.17 0.61 0.222 8 LDR

Rupestris  0.12 0.16 0.08 0.00 0.00 0.00 0.23 0.083 10 LDR
du Lot

41bmgt  0.00 0.00 0.00 0.26 0.29 0.04 0.00 0.084 9 LDR
196-17 0.52 0.44 0.78 1.00 0.75 0.70 1.00 0.741 2 HDR
161-490  0.33 0.20 0.74 0.82 0.70 0.37 0.52 0.525 5 MDR
110R 0.03 0.14 0.35 0.93 0.59 0.32 0.75 0443 7 MDR
Riparia ~ 0.70 0.28 1.00 0.64 0.59 0.85 0.47 0.646 4 HDR
420mgt  0.67 0.40 0.40 0.10 1.00 0.75 0.21 0.504 6 MDR

3309C 0.57 1.00 0.90 0.95 0.52 0.67 0.65 0.753 1 HDR
TE XL ARS X2, Ot iER X3, 1 X4 &R XS.
AT A X6, A BT X7, A AL ER X8, T RE
BE:X9. FURALGX10. HLRKF
Note: X1. Leaf water potential; X2. Pn; X3. MDA; X4. Pro; X5.
Soluble protein; X6. SOD; X7. CAT; X8. Average membership degree;

X9. Order of drought resistance; X10. Level of drought resistance;
HDR. High drought resistance; MDR. Moderate drought resistance;
LDR. Low drought resistance.

3%

SRR S A T I G 32 R OB Sk B ROk
TSR S P A S I 2 Ao ] ) T SR A i, AE SRR
TNEE R A HLX (20 “CT~30 CH¥JT] % 4=
W TR R (H 3R E PR b Hh X % 2R
i 5, T =5 /b, KA AR, & 5l EE R ke 2k
IK Gy, T B 5k 3R R A I AR SRR 4 B, AT 1 AR
Bk TR A A0 . AL, BARZT LI RIS, FHR
P, 2 XD, B SRR 7 BUR R, BAREBAS g S I (o
WA, 2238 B & R ARl 25 I e 3 T it PO
BRI S 5B S R ST R LI AR
TEAE BRI AR SR O . SA 7 - SO ER ., A = g
55, R SR T AR EE, & B 45 G55 n) B AR
T ZEERANCTIE I RS BB AR AN [
REVH TR EF W E . FURET RIS
R R B PUH T RE ) 5 SR A O, S UM 5% R AL
K, HZ& MG B o™ 5 oo b 5 & 8 /N E
ML IR A TR IR L o DRIt , 78 SR AR 85
IR b, AR S S BRI B . FE
AW TR R A 3309C. 196-17.161-490.420mgt - Ri-
paria 2 ZEAG AT 28 , Ui B LA S R Hl T+, o

3309C A% 4% A 2F 26 I v, 1X 5 X1 48 AR PRI R 9 45
B8 HARMARH RN 0, BT, &
B LU 68 AR 55

PV A VR Bl R B PR ) — A E B R AR
5= 0 T A= D TN o I (E R e - a7 B
A P AN 2 HL R K . Tacono SEPU
Tt 58 3R B Al AR 2 5 ) B AR SR A e R 2R3
HEMWREM L, R K P GRE & AR
ST S 4 1R R A K R DA AR A AR TR
86 %) % 7K JH 38 R i 52 A ke B AR B, 5
Wi AR W AR K B L FIEEAKEE .
Soar SEP IR FE K AN Rl A i kA E 38 FR A
K E R BRI P BE ST AR . BT 45 RAER
1103P. Riparia.3309C f£ T 2 i T IS /K & %
AR BEROK Hovt K A AR S P BRI AR BE /N
BIX 3 ANl PR R R K B AR DR /K B 5 . AR
PES TR AR AR i e G E SN - BEER
W i 3 BRH O, 3 B 1 SR bl T R 4 e T 4R
0™ H 4 I A B Th e 2 5 0 Tk A e A AE
HBIEHE 47, 1X 5 ERMED R S48 — 5.
TR e AR AR RS RS R R A
SOD V& 1 45 5 W 5 35 FURE 5%, B iy B ads R
W IR U 2 I IR R R i v O o DA D
1) 4 B R P TR B PRI AR 2R, T 98 3 R 1) 4
o BRIV PR AR A R S S bR O, T 2
WA F BT K Z S 2 nEEE & 17 X
ZEAVEM AR I PTSPERY . ARG 3R R Bk
CEE VI B DA B TR A, 45 AR B 3309C. 19617,
1103P. Riparia $it 7 M 58 , H 1 3309C A7 k5 —
196-17 IR 2, 1X 5 FEWIHEED X = 4459, Carbon-
neau [FIHF 7T 45 B — 5. 161-490. 110R .420mgt HT
B4, SO4.41bmgt. Rupestris du Lot 57 £l 7
IS ER- AR 5N K (=R N e 5T 3 - (£ o = X (T
o PIvPE SN DU Fob o] A AR PR S, 4 SRR
B 1103P $i5 1 B 5, SO4 L F 1 e 59, A 15251
N SO4 fiif FEE TS, X 5 AR AL 1L —B. FH
GE RPN BRI N a2 S N
Al BEAE TR A R, J7 v RO AN [F) 5 &2 1, i
AR — It .

AT 5T 196-17.3309C Fidth T 6E F158 H AT H
P 598 , SO4. Rupestris du Lot.41BMGt $i il T-6E /1
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