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Effects of different plant growth regulators on rapid propagation of three
types of grape rootstocks based on quadratic regression orthogonal rota-
tion

LI Zhihui, LIU Chunyan, PENG Xue, XUE Jing, DENG Hui, ZHOU Long"

(College of Horticulture, Xinjiang Agricultural University, Urumgi 830052, Xingjiang, China)

Abstract: [Objective] Xinjiang is the largest grape producing area in our country, and grape industry
has developed rapidly, but the problems of soil drought and salinization in some areas have become the
factors restricting its industrial development. Using resistant rootstocks has become one of the most ef-
fective measures for grape cultivation in the world. However, in actual production, grape rootstock
breeding quantity is limited, because most rootstocks are susceptible to virus. Therefore, using plant tis-
sue culture to cultivate strong seedlings has become one of the important ways. This study aimed to es-
tablish a high-efficiency stem section rapid propagation system by screening different media and plant
growth regulators concentration for 5SBB, 1103P and SO4 grape rootstock varieties in the process of pri-
mary culture, subculture, and rooting culture, so as to provide reference for rapid propagation and pro-

duction of grape rootstocks. [Methods] The test materials were 5BB, 1103P and SO4 annual rootstock
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seedlings from the Sanping Teaching Practice Base of Xinjiang Agricultural University, which were
planted in the Characteristic Fruit Tree Research Center, College of Horticulture, Xinjiang Agricultural
University for potted seedling cultivation. After about 60 days, the diameters of 1-2 mm thick semi-lig-
nified canes were taken for experimental treatment. Explant disinfection was as below: cutting new
shoots into 2—-3 cm long stem segment with a single bud, putting into the beaker, covering with gauze,
rinsing 1 hour, and removing surface stains. Then, the explants were soaked in 75% ethanol for 30 s on
the ultra-clean bench, disinfected with 0.10% HgCl, solution for 8 minutes, and rinsed with sterile water
for 3—5 times to remove the residual disinfectant on the surface of the explants. Finally, the stems were
placed in the sterile inoculation plate for further use. In primary culture, B5, MS and WPM medium
were used as the basic medium, and 2.00 mg- L' 6-BA, 0.20 mg-L"' IBA, 0.20 mg-L"' GA;, 30 gL' su-
crose, and 7 g+ L' agar were added at the same time, pH was adjusted to 5.80, 1 stem segment per bot-
tle, 10 bottles for each medium, and the experiment was repeated 3 times. After 30 days of culture, the
pollution rate, mortality rate and axillary bud germination rate were counted. The subculture adopted a
quadratic regression orthogonal rotation combined experimental design, and different concentrations of
6-BA (concentration of 1-3.00 mg- L"), IBA (concentration of 0-0.50 mg- L"), and GA; (concentration
of 0-1.00 mg- L") were added, and its effect on the proliferation coefficient was explored. In rooting cul-
ture, 1/2MS medium was used as the basic medium, and different concentrations of IBA (0, 0.50 mg-L"',
1.00 mg-L", 1.50 mg- L") and Ac (0, 0.10 g-L" 0.20 g- L") were added, and its effect on rooting coeffi-
cient was explored. During the whole culture process, the culture conditions were as follows: the cul-
ture temperature was (25+1) ‘C, the light intensity was 2000-2500 Ix, and the lighting time was 12 h-d™.
[Results] During primary culture, by screening three different media, it was found that compared with
B5 medium and WPM medium, the primary medium suitable for the three types of grape rootstocks
were MS medium, supplemented with 2.00 mg-L"' 6-BA, 0.20 mg-L"' IBA, and 0.20 mg- L' GA,, and
the germination rate could reach 100%. During subculture, the effects of different concentrations of 6-
BA, IBA and GA; on the proliferation coefficient of grape rootstocks were explored through quadratic
regression orthogonal rotation combined experimental design. It was found that the primary and second-
ary order of the three plant growth regulators affecting the proliferation and culture of 5BB and 1103P
grape rootstocks was: IBA>GA;>6-BA, and the most suitable proliferation culture formula was MS+
2.00 mg-L"' 6-BA+0.25 mg- L' IBA+0.50 mg - L' GA;; the primary and secondary order of the three
plant growth regulators affecting the proliferation and culture of SO4 grape rootstocks was: 6- BA>
GA;>IBA, and the most suitable proliferation culture formula was MS+1.52 mg-L"' 6-BA+0.25 mg-L"
IBA+0.36 mg- L' GA;. During rooting culture, by adding different concentrations of IBA and Ac, under
different dark treatment conditions (0 d, 3 d and 7 d), the optimal concentration and dark treatment time
of plant growth regulators for rooting culture were explored. It was found that the most suitable culture
formula for rooting culture of 5BB and SO4 rootstocks was 1/2MS+1.50 mg- L' IBA+0.10 g- L' Ac,
and dark-treated for 7 days, the rooting coefficient of SBB rootstocks could reach 2.60, and that of SO4
rootstocks up to 1.47. The most suitable culture formula for rooting culture of 1103P rootstock was 1/
2MS+1.00 mg - L' IBA+0.10 g- L' Ac, and dark-treated for 7 days, and the rooting coefficient could
reach 2.30. [Conclusion] The most suitable medium for primary culture of three types of grape root-
stocks was MS medium. The optimal concentrations of 6-BA, IBA and GA; for 5BB and 1103P grape
rootstocks were 2.00 mg-L", 0.25 mg- L' and 0.50 mg- L', respectively. The optimal concentrations of
6-BA, IBA and GA; for SO4 grape rootstocks were 1.52 mg-L", 0.25 mg-L" and 0.36 mg-L". The opti-

mal dark culture time for rooting of the three types of grape rootstocks was 7 d, and the Ac concentra-
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tion was 0.10 g- L. The optimal IBA concentration for rooting of 5BB and SO4 grape rootstocks was

1.50 mg - L''. The rooting coefficient of 5BB grape rootstocks was 2.60, and that of SO4 grape root-

stocks was 1.47. The optimal IBA concentration for rooting culture of 1103P grape rootstock was 1.00

mg- L, and the rooting coefficient was 2.30. In the study it was found that the effects of different media

and plant growth regulators on the stem rapid propagation of three types of grape rootstocks were pre-

liminarily explored, and a reference for the rapid propagation and production application of grape root-

stocks was provided.
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Table 1 Coding and concentration of 6-BA, IBA and GA;

IR BT G (0T PR 25 AR 2B A
WA K TR IR
R JE K G The treatment concentration of each plant
Concentration level growth regulator corresponding to the coded
coded values for plant value of each concentration level/(mg-L™")

X (6-FRILIRIGENS) X, (I TR X (FREEF)

growth regulators

X, (6-BA) X, (IBA) X, (GAs)
~y(-1.68) 1.00 0.00 0.00
-1 1.41 0.10 0.20
0 2.00 0.25 0.50
1 2.59 0.39 0.79
y(1.68) 3.00 0.50 1.00
A, 0.59 0.15 0.29

EIREWR2 PR, Hi, XXX 70 Al 6-BA
IBA.GA,; AL BRI o BN AEBEA5 P 3900, B2
R —ANMAZE 3 HERE . 30 dJESEih AN e 2 139 5E
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Table 2 Optimization scheme and results of proliferation culture

HRE A A 7R BE
KPR T

B JEE KT B EL P X 82 P A8 A
R )AL L A

VI ES v

. .
e retulhtorconcetraton vl for Feulator conesponding to e coded e o acn | Mulilcaion cosfcien
number each treatment concentration level/(mg-L™)
X X X 6-7F L i RS )i TR TRER Y 2 Y3
6-BA IBA GA; 6-BA IBA GA;
1 1 1 1 1.99 0.80 0.80 1.67 1.22 1.33
2 1 1 -1 1.99 0.80 0.20 1.44 1.44 2.00
3 1 -1 1 1.99 0.20 0.80 1.67 1.67 1.56
4 1 -1 -1 1.99 0.20 0.20 1.56 1.56 2.22
5 -1 1 1 0.26 0.80 0.80 1.67 1.33 1.67
6 -1 1 -1 0.26 0.80 0.20 1.22 1.56 1.33
7 -1 -1 1 0.26 0.20 0.80 1.78 1.22 1.44
8 -1 -1 -1 0.26 0.20 0.20 1.44 1.67 1.22
9 1.68 0 0 2.50 0.50 0.50 2.89 1.56 1.33
10 -1.68 0 0 0.00 0.50 0.50 2.33 1.78 1.56
11 0 1.68 0 1.25 1.00 0.50 2.11 2.22 1.00
12 0 -1.68 0 1.25 0.00 0.50 1.78 1.22 1.11
13 0 0 1.68 1.25 0.50 1.00 1.78 1.56 1.22
14 0 0 -1.68 1.25 0.50 0.00 1.56 1.67 1.78
15 0 0 0 1.25 0.50 0.50 1.00 1.00 0.67
16 0 0 0 1.25 0.50 0.50 0.67 0.56 0.78
17 0 0 0 1.25 0.50 0.50 0.78 1.00 1.00
18 0 0 0 1.25 0.50 0.50 0.78 1.22 0.56
19 0 0 0 1.25 0.50 0.50 0.56 0.78 1.00
20 0 0 0 1.25 0.50 0.50 0.56 1.00 0.78
21 0 0 0 1.25 0.50 0.50 0.33 1.00 1.00
22 0 0 0 1.25 0.50 0.50 0.44 0.78 1.00
23 0 0 0 1.25 0.50 0.50 1.11 1.00 0.56
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Table 3 Effects of different medium on germination rate
of axillary buds in primary culture of grape rootstock stem
HRE

}:973  Sprouting
Mediums percentage/

fitiAR
Roots-

R tEE =S FETH
Average plant Contamina- Mortal-

tocks o height/mm tion rates/% ity/%
SBB BS 96.67+3.33 a  20.94+0.58 ab 0.00 3.33
MS 100.00+0.00 a 25.20+1.83a  0.00 0.00
WPM 96.67+3.33a 18.24£0.55b  0.00 6.67
1103P BS 100.00+0.00 a  16.03+0.96 ab 0.00 0.00
MS 100.00+0.00 a 20.90+1.20a  0.00 0.00
WPM 100.00+0.00a 13.88+0.76 b  0.00 0.00
S04 BS 96.67+3.33a 18.49+0.43b 3.33 0.00
MS 100.00+0.00 a 22.43+0.39a  0.00 0.00
WPM 100.00+0.00 a 15.60+0.84b  0.00 0.00

= R G EH J5 AN TR AN - RER S A TR it A AS [ 8 57 2 2 ) 22 e
B2 (p<0.05).

Note: Different lowercase letters after the data in the same column
indicate significant differences between different mediums of the same

variety (p<<0.05).
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1% (96.67%) , Hi5 4% 1 3.33% . &hili REAF
B R A KRB AN 1 BT

A.5BB;B. 1103P; C. SO4; 1. BS }5 383 ;2. MS #3# % ;3. WPM
ek,
A. 5BB; B. 1103P; C. SO4; 1. B5 medium; 2. MS medium; 3. WPM

medium.

1 TEEARIEFRHERKR
Fig. 1 Growth status of primary culture of different

rootstocks
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Table 4 Variance analysis of proliferation culture test
results of SBB Rootstocks

&5 1103P W ARIEEEFIREERN G ENT
Table 5 Variance analysis of proliferation culture test
results of 1103P rootstocks

EorA HBE S BU7

RAKIR TR HHE

B3

EE“*JE Quadratic Degree of Mean [:M.EF P Variation ~ Quadratic Degree of Mean Hﬁ.EF P

Variation source Ratio ¥ p-values Ratio p-values
sum freedom  square source sum freedom  square

Xi 0.037 1 1 0.0371 02474 0.6272 X 0.016 9 1 0.0169  0.2845 0.602 7

X 0.0740 1 0.0740 04932 04949 X5 03713 1 03713 62623 0.026 5

X 0.0423 1 0.0423 02821 0.6043 X 0.026 8 1 0.0268 04521 0.5131

X 4.796 2 1 4.7962 319874 0.000 1 X 0.6819 1 0.6819  11.5011 0.004 8

PG 1.553 4 1 1.5534 10.3600 0.006 7 X' 0.804 1 1 0.8041 13.5625 0.002 8

X’ 0.7329 1 0.7329 48880 0.0456 X 0.559 1 1 0.5591 9.4298 0.008 9

XX 0.005 5 1 0.0055 0.0368 0.8509 XX 0.040 6 1 0.0406  0.6850 04228

XX 0.025 3 1 0.0253 0.1688 0.6879 XX 0.040 6 1 0.0406  0.6850 04228

XX 0.006 6 1 0.0066 0.0441 0.8369 XX 0.001 5 1 0.0015  0.0255 0.8759

(e Yy A 73523 9 0.8169 F,=5.448 0.0077 R 25710 9 0.2857 F=4818 00118

Regression model Regression

HARZE 19492 13 0.149 9 model

Total error value MRZEME 07708 13 0.059 3

RAUTIUE 14343 5 0.2869 F=4.456 0.0139 Total error

Mismatch value value

W2 fE 05150 8 0.064 4 RAUTE 04804 5 0.0961 F=2.647  0.0731

Pure error value Mismatch

A 93015 22 value

Summation ' SEREH 02904 8 0.036 3

H1 5 2 H 1103P i & fili A I 508 70 A ol 48 4Kk
[ )5 75 #2 ¥2=0.93+0.04 X,—0.16 X>-0.04X:+0.21 X;*+
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5 FAE AT AT, Fi=2.647<Fys(9,14)=2.65, [8] I
Ti R RAUA G DA 9 ik F B e AR AR5 2, R
AR R . (8] U 2 AR I F=4.818>
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B AL 5 15 FE ¥2=0.93-0.16 Xo4+0.21 X,*+0.23 Xo+
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975 #2 ¥3=0.81+0.13 X,+0.01 X2+0.01X:+0.27 X+
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RUWER BE T I8 95% . TEA R 0=0.10 I AN 2 35 10
2 BI04k 5 15 72 ¥3=0.81+0.13 X,+0.27 X*+0.13
X+0.29 X:-0.24 X.X;

222 R RFHE;H RHFERYEE” X3 FAEY)
A RS R EAT 5 DR R RN 40 BT W AR 4 T, X

Pure error
value

psvii| 3.3418 22
Summation

R 6 SO4 FHARIBEIERRELE RN A EN
Table 6 Variance analysis of proliferation culture test
results of SO4 rootstocks

. V7 Al = %7,
wgge oM HBE T
. Quadratic Degree of Mean .

Variation source Ratio p-values
sum freedom  square

X 0.2470 1 0.2470 43282 0.0578

X 0.000 4 1 0.000 4 0.0072 0.9336

X 0.002 2 1 0.002 2 0.0379 0.8487

Xz 1.1351 1 1.135 1 19.887 6 0.000 6

X 0.262 1 1 0.262 1 45927 0.0516

X 1.307 5 1 1.307 5 22.9080 0.000 4

XXo 0.078 0 1 0.078 0 1.366 8 0.263 4

XX 0.446 5 1 0.446 5 7.8229 0.0151

XX 0.001 5 1 0.001 5 0.026 5 0.8732

[EVEE et 35132 9 0.3904 F=6.839  0.003 4

Regression

model

MREE 0.7420 13 0.057 1

Total error value

RANIE 04516 5 0.0903 F=2.488  0.086 1

Mismatch value

AREE 02904 8 0.036 3

Pure error value

S A1 Summation 4.2552 22
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Xon X (¥ 77 43 5128 0.037 1.0.074.0.042 3, B L 7]
1, 5200 SBB i A3 GE 55 77 1) 3 B R 2 16 3 O
H:IBA>GA>6-BA. WIS R, X Xo X I 77
43 58 0.016 9.0.371 3.0.026 8, H1 It AT %01, 5 i
1103P fili A 14 58 55 7% 11 3 K 25 19 2 IRIF 8
IBA>GA;>6-BA. WIEK 6 fTin, X X0 Xs K135 75 73

174 0.247 0.0.002 2.0.000 4, AT A1, 521 SO4
fili A 14 5 5 7% (1) 3 B A 26 1 3 T 9 6-BA>
GA,>IBA. K2 N5 gt E T 3 FAE Y A K85 77
Xof 38 HE Z2 B0 e (1) AR A B, 3 PR A AR A TR 4
XT3 A 2 Tl A P 1 B AR 45 B B S PR AR S T
A, H 6-BA I 1Y 5 & R % i 5 T IBA A

—oe—6-BA —8—IBA —a—GA;
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Fig. 2 Single factor effect analysis

GA;, Yl IR 40 T (A Zw S fE B, B 6-BA N
2.00 mg-L"'.IBA ;025 mg-L"'.GA;’§¥0.50 mg-L"
B, B i o 1) 184 5 AR 3 A

223 AEEFMEIAERKEZ A HEKLKSHT
H1,5BBL 1103P fiti AR (] [H A 77 R P, XX XX AT X0XG
()28 HAF FHAE 0=0.10 Iy A 5. 2 , B 6-BA 5 IBA L 6-
BA 5 GA:.IBA 5 GA 5 B AE FHAE a=0.10 IFf A 2
= R 6 1 H1, SO4 Fli AT A1 5 5 F& L XX FTLXGXG
(148 FHAE FITE 0=0.10 B AN 2.2, T XX 1) 28 HAE
£ a=0.10 I i 2 , Bl 6-BA 5 IBA.6-BA 5 GA, I3
HAERTE 0=0.10 B A 53, IBA 5 GAL 1922 FLAE H
7 0=0.10 I &3 .

X6 3 AR A A A R 1 751 2 TR EL A FH P R e 2k
AT R BT, B 3 AT A, 24 6-BA R IBA ¥4
T I W E K P I, SBBL SO4 [ 48 5 2 $UiA 3 dx
K5 2 6-BA &b T f iy i SR FE /KT, IBA B IR &

WP KTARRT , 1103P #85H R B0 BB K.

A& 4 T4, 24 6-BA FI GAS A 75 i Bk K
P B P B IR FE KPR, 6 SBBL 1103P 3G 5E R 41
HTCHH S5 5 24 6-BA Ab T & i i IR E /KT, GA,
AR R IR KCTAR R, SO4 858 R E0k Bl H k.

15 AT %0, 24 IBA A GAS S5 4b T f% ioh Jof 0K
JKFF, SBBLSO4 13 5E 55505 2 0K s 24 IBA Ak
JREIR KT, GAAE T f i i B9 FE 7K Bl AT
BIREEKFI, 1103P B9%E R EUS T iA 2 i k.
224 MESAEENMRKAAL SBBRIAMA T E
Hp AR B UE AR A3 AR AR 7 BT, S5 R UK
T 13577 A 1124, Ko 95% 15 77 = 1, 6-
BA I& 5 {4 AL E 3 [l 9 -0.45~4.45 , IBA & H 1 4
fid {8 Y5 Bl A —0.38~0.88 , GA, i& ‘H. [ % 15 1H VU
N=0.73~1.73, BUF Y4B Dy 550 T B B o B 1) 2 )
1B, BP 24 6-BA [ 5 & 9K £ 4 2.00 mg - L' IBA [
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R 7 5BB AT R &L EREMNRENS

Table 7 Frequency promulgation of variable values in SBB rootstock optimization scheme

Multiplication coefficient

o 6-"FHE[IRIE 6-BA W51k T 12 IBA TR GA
R KR B0 B K — — — — ~
Concentration level coded values for plant growth regulators et T st s s I
Number Frequency Number Frequency Number  Frequency
-y (-1.68) 25.00 0.22 25.00 0.22 24.00 0.21
-1 24.00 0.21 22.00 0.20 22.00 0.20
0 14.00 0.13 18.00 0.16 20.00 0.18
1 24.00 0.21 22.00 0.20 22.00 0.20
v (1.68) 25.00 0.22 25.00 0.22 24.00 0.21
&1l Total 112.00 1.00 112.00 1.00 112.00 1.00
JEIE RO T 1.35 09 112 4N77 58 h 95% B 77 SR A A T IR IE ) -0.24~0.24 -0.24~0.24 ~0.24~0.24
3T X 18]
Distribution interval of plant growth regulator concentrations in 95% of the
112 regimens with a multiplication coefficient greater than 1.35/(mg-L™")
LA AR 9 770 ) B 4 T2 -0.45~4.45 -0.38~0.88 -0.73~1.73

Optimum scheme of growth regulator concentration/(mg-L")

BIREN0.25 mg- L' \GA [ &K E 4 0.50 mg - L
B, G 3G 7R SR T IE B AL (B 6-A) o

1103P fili ARAJ AV 7 58 v 45 A% 5 HUAFL 119 400 26 4y
MU S Frs, W RECR T 131 KT A 1144,
FHor 95% AR K 7 ZE v, 6-BA 3 L 11 4 R {1 3

9-0.51~4.51,1BA & B B 4 B fE 78l 9-0.27~0.77,
GALE B 1 g i AE V5 N-0.73~1.73 , B398 N
TR BT N R AE , B 2 6-BA 1 i IR
792.00 mg- L' IBA [} JiT S 29 0.25 mg - L' GA,;
) J5R B VA FEE O 0.50 myg - L B, B84 5 5% 7 (1 R0 ] ik
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Fig. 6 Growth status of subculture of different rootstocks

#z 8 03P WA ZRP ETEBVEASIEMA

Table 8 Frequency promulgation of variable values in 1103P Rootstock optimization scheme

R TR0 8 9R BEAKCP Si  f O IR 6-BA VYA T B8 1BA I OA

Concentration level coded values for plant growth regulators Y& i Y& s kS A kS
Number  Frequency = Number Frequency Number Frequency

-y (-1.68) 25.00 0.22 25.00 022 25.00 0.22

-1 23.00 0.20 25.00 0.22 23.00 0.20

0 18.00 0.16 20.00  0.18 18.00 0.16

1 23.00 0.20 20.00 0.18 23.00 0.20

v (1.68) 25.00 0.22 24.00 021 25.00 0.22

il Total 114.00  1.00 114.00  1.00 114.00  1.00

HOGE RBONT 1311 1144077 S b 95% 11075 SR AR 5T LK) -0.24~0.24 -0.29~0.17 -0.24~0.24

A T
Distribution interval of plant growth regulator concentrations in 95% of the
114 regimens with a multiplication coefficient greater than 1.31/(mg-L™")

R/ SRR Pert7di g -0.51~4.51 -0.27~0.77 -0.73~1.73
Optimum scheme of growth regulator concentration/(mg- L")

(& 6-B). WK 9 PR, W A KK T 122 175 A 1114,
SO4 fili RARAMTs S 5 AR B HUE MR >4 Horb 95% B0 56 7 S, 6-BA 3 HL (1 4 i {E v FH]

®9 SO4 FAAMM TS Reh &L ERERSIE M

Table 9 Frequency promulgation of variable values in SO4 Rootstock optimization scheme

R K 15705 e K P4 ORI 6BA MR T IBA HlE G

Concentration level coded values for plant growth regulators G W G e S e
Number Frequency =~ Number Frequency Number Frequency

-y (-1.68) 25.00 0.23 24.00 0.22 25.00 0.23

-1 19.00 0.17 22.00 0.20 21.00 0.19

0 18.00 0.16 19.00 0.17 16.00 0.14

1 24.00 0.22 22.00 0.20 24.00 0.22

v (1.68) 25.00 0.23 24.00 0.22 25.00 0.23

1t Total 111.00 1.00 111.00 1.00 111.00 1.00

T RBOCT 1.22 1 1ILAS T 50 95%I1 75 Ze e ) -0.20~0.29 -0.24~0.24 -0.21~0.27

A AR TR FEE 1) A7 X (1]

Distribution interval of plant growth regulator concentrations

in 95% of the 111 regimens with a multiplication coefficient

greater than 1.22/(mg- L")

L) A A 1 590 ) i e 2 -1.03~4.07 -0.38~0.88 -0.86~1.58
Optimum scheme of growth regulator concentration/(mg-L")
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9-1.03~4.07 , IBA J& B ¥ 4 A E 35 [ 4 -0.38~0.88,
GAE B 14 AT N-0.86~1.58 , BUF- Y E A
TR B OO I () S AE, B4 6-BA [T SR
9 1.52 mg- L' IBA it E K %4 0.25 mg - L'\ GA;
(BRI 4 0.36 mg - L N, 854 1% 5% 1) A% R Tk
R (B 6-C),
2.3 AEIRE IBA F Ac 3 RIZFFHIR MR

12 10~3% 12 7] %0, AN [A) it 29k B2 1F IBA F Ac

FEAN )RS a] F s b 3R X6 AS ) il AR K Je AR AR R 5
(10 5 M 2 3% AN A (R 45 b B TR) A7 7R B 25 22 5 (p<<
0.05), ARG 15 9% 7 d.0.10 g- L' 1Y Ac 54 F AR 11
Ao SBB I SO4 Tl A IR K AN A AR SR B A Bt
I 15 FR T (0] IBA JE F2 94 B R34 I i 38 m , IBA i =
W E 9 1.50 mg - LI, 5BB fifi A A A 4R £ $0n] ik
2.60, A KARBLUTE 7-A Jrow , SO4 fili A ) A= i 72 %
A3k 147, A KRS 7-C i . 1103P it KFE &

# 10 TEIRE IBA #1 Ac XF SBB £ AREEFRAIFN
Table 10 Effects of IBA and Ac at different concentrations on rooting culture of SBB

Fi5 5% F7 ) [7] Dark-treated time/d

p(BITIR)  pGEMERD

%ﬁﬁj;%%% BA  Ac 0 3 !
number Medium concentration/ concentration/ 2K EETEfE it S i’I‘E‘% it S $$E$
(mg-L" (mg-L™" Root Rooting Root Rooting Root length/  Rooting
length/mm coefficient/%  length/mm coefficient/% mm coefficient/%
1 1/2MS  0.00 0.00 34.86+2.69 ab  0.63£0.67 ¢ 37.87£2.77bc  0.43+0.07 cd  42.08+1.26 b 0.50+0.06 ¢
2 0.00 0.10 39.47+£3.17a  0.37+0.33 d 46.12£0.74a  0.27£0.03 e 59.31£2.61a 1.00+0.12d
3 0.00 0.20 0.00 0.00 0.00 0.00 8.43+423d 0.50+0.06 ¢
4 0.50 0.00 0.00 0.00 12.4240.59 de  0.40+0.06 de  26.54+0.69 ¢ 1.77+0.15 bc
5 0.50 0.10 25434518 ¢ 0.93+0.67 b 10.94+0.31e  0.57+0.07 ¢ 25.65+0.43 ¢ 1.03+0.12d
6 0.50 0.20 0.00 0.00 0.00 0.00 12.3940.58 d  0.53+0.07 ¢
7 1.00 0.00 0.00 0.00 15.29+0.61d  0.53+0.09 cd  12.61+£0.69d 2.00+0.15b
8 1.00 0.10 29.61£0.91 bc 1.33+0.15a 3547+0.72 ¢ 1.60+0.06 a 41.23£0.44b 1.53+0.12 ¢
9 1.00 0.20 27.35€1.65¢c  0.97£0.09 b 40.12£2.83b  1.10£0.06 b 41.57£0.65b 1.47+0.15¢
10 1.50 0.00 0.00 0.00 0.00 0.00 13.02+0.40d 2.07+0.12 b
11 1.50 0.10 0.00 0.00 0.00 0.00 27.26£0.58 ¢ 2.60+0.12 a
12 1.50 0.20 0.00 0.00 0.00 0.00 12.46+£0.57d 0.60+0.12 ¢

W F AV EEE 5 AN ENE FRER R 7 7 35 (p<<0.05). R,

Note: Different lowercase letters after the same column of data show significant differences (»p<<0.05). The same below.

F 11 FEIRE IBA 0 Ac %t 1103P £ RIZFRAIF N
Table 11 Effects of IBA and Ac at different concentrations on rooting culture of 1103P

%5 5% 77 5] 18] Dark-treated time/d

pUBIETR)  pGEMER)

Tramens SE TBA Ae , : . ,
number Medium concentration / concentration/ §5+§$ K AR K K A K
(mg-L™" (mg-LY Root length/  Rooting Root Rooting Root Rooting
mm coefticient/%  length/mm coefficient/%  length/mm coefficient/%
1 1/2MS  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2 0.00 0.10 0.00 0.00 0.00 0.00 0.00 0.00
3 0.00 0.20 0.00 0.00 0.00 0.00 25.69+4.30b  1.50+0.15 be
4 0.50 0.00 12.84+1.64b 1.37+0.88 a 11.83+1.82d 1.43+0.18 ab  12.72+1.59¢ 1.03+£0.19d
5 0.50 0.10 0.00 0.00 23.82+0.75b 1.60+0.10 ab  29.49+1.60b 1.47+0.07 be
6 0.50 0.20 0.00 0.00 0.00 0.00 30.84+1.31 ab 1.33+0.24 cd
7 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
8 1.00 0.10 18.93£1.96a 1.10+£0.12 b 28.43+1.61a 1.67+0.35a 36.58+1.95a 2.30+0.10a
9 1.00 0.20 0.00 0.00 18.07+1.87¢ 1.27+0.13 b 31.83+3.82 ab 1.80+0.11 b
10 1.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00
11 1.50 0.10 0.00 0.00 16.19+1.84 ¢ 1.23+0.03 b 17.25£0.39 ¢ 1.43£0.15 be
12 1.50 0.20 19.15£2.20a  1.03+0.13 b 0.00 0.00 17.21£1.33 ¢ 1.27£0.15 cd
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#F 12 TEIRE IBA #1 Ac X SO4 EAREEFRAIFN
Table 12  Effects of IBA and Ac at different concentrations on rooting culture of SO4
A3 7RI (1]
T pCBIE T ) SR Dark-treated time/d
Treatment ﬁ?j% IBA ion/ Ac concentration/ 3 !
numper T TN (gL o R K AR ik AR
oot length/  Rooting Root length/  Rooting Root length/  Rooting
mm coefficient/% mm coefficient/% mm coefficient/%

1 12MS  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2 0.00 0.10 0.00 0.00 0.00 0.00 0.00 0.00

3 0.00 0.20 0.00 0.00 0.00 0.00 0.00 0.00

4 0.50 0.00 0.00 0.00 0.00 0.00 9.16£0.82¢  1.20+0.15b

5 0.50 0.10 0.00 0.00 0.00 0.00 33.48+541b 0.83+0.03 ¢

6 0.50 0.20 20.3542.69b 0.70+0.12a  24.44£2.91 bc 0.77£0.03¢  30.57+4.16 b 1.27+0.07 ab

7 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

8 1.00 0.10 25.29+2.61a 0.67£0.03a  27.78+2.22 ab 1.07+0.07b  0.00 0.00

9 1.00 0.20 0.00 0.00 32.56£534a 1.33+0.17a  35274223b 0.67+0.09 ¢
10 1.50 0.00 0.00 0.00 0.00 0.00 7.19£1.04cd  0.70+0.12 ¢
11 1.50 0.10 20.13£1.64b 0.87£0.20a  21.49+2.50c 0.97+0.07b  42.63£2.52a 1.47+0.15a
12 1.50 0.20 0.00 0.00 0.00 0.00 0.00 0.00

A.5BB; B. 1103P; C. SO4.
TR ARERIEFERRKSR

Fig. 7 Growth status of rooting culture of different

& 7

rootstocks

IBA JiT 52 ¥R B 1 184 i 2 Tt 388 o i vt/ 1) AR Ak
M IBA IR N 1.00 mg- L', A M R ik
2.30, AEKARBL U 7-B B o

3%
3.1 TREHEFHEITZERLE RS

B 9% I 2 AN AR DA AE A7 AR B R L R
I AN E =I5 20 5 1 538 oA
(EIRNEA Y 7/b e I B N TEARG TR R TN -8
AH L MS 55 7R 50 BS 15 75 55, 1/2MS #5773 1] 3743

B v R 2R BB B K %, X AT RE R A 9 1/2MS K 9%
Berp ML B 2D R RO AR T EF K
BS5 35 95 5 N R A BRI G IR A B B D WA
A KA /N A R T2 B K Mozafari
SECVRIE TR R I, MS By FR L L WPM B R R B G A
Khoshnav . Farkhi.Bidaneh Sefid %% #ME Ak 15557,
BRIFHFMAEK. X E5ARPFL R B MS 8
TR R T 2L BUCEF B A K
3.2 AEEYE KBTS FIXTEE R B RS20
AR RE W EY BWEES T —,
bR E IR A, d ] i 22 AR A A K R T R B )
B 3 ()4 3 A o A G, DT i e 1 B 2k SR
LA A A TR 4 700 S BBl vy B AR S 2 52 i A
PR A TR R Z R [BDA IR A el 1 & et , Al gk
IS ARA S AR AR K U T 9 P Y L, AT R
A At b TE B HH I RS [ R BT TR 0 R R Y L
Alizadeh Z5PIX] 4 /> 1845 A [F] 1Y) 4] %) fili R Dogridge
SO4.H-144 F13309C #f 7T it & 1L, 6-BA AINAA fHE
Ao FH SR R 2 0 ZF R A, B 2 6-BA R IR N
2.00 mg- L', NAA i =¥ %5 0.20 mg- L' B F| T 4
(13 5, HF HLAE — 2 A2 B BT DL 4 4 15 7% 8 1
Batukaev %5 ™ B ¢ B & B, 0.50 mg - L' 6-BA FlI
2.00 mg - L' KT A R T-$2 i 5 A huth i &) i Fh 28 1
WHHRCR « Kinfe SR FEIS KW, AN ] JoT 5296 FE (1)
BAP 1 IBA Re e i3 2F (386 58 , 4 6-BA R = IR N
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H40%:

1.00 mg- L', IBA Jii &< % 4 0.10 mg - L' B, Chenin
blanc i %] A Canonannon 7 % ) 384 58 24 R & 4f , &
6-BA Jii B 4 2.00 mg - L', IBA Jii B IK 4 0.10
mg- L', Ugni blanc ] %] () 3 75 8UR i 4F - Khan
ZEPT King s Ruby i % B 7B & 30, 7E 1.00 mg - L'
6-BAM10.10 mg- L' GAZHAMAL KB FRIE T, ZF 5]
BAKER K. 6-BAMKT &5 A E 40552
o, 0] LR 3k g i 4y AN YTOK, RS E B R B
NAA 1858 2% SR 05 58 T IBA , GA, 7T LT B AR R M 171
PRI AE K, f el &, 6 TR R R S B A
T PRI A A T 0 7] B LR P A 1 v B T R ) O
HRFTAER
3.3 ANELRE IBA F1Ac X4 R 155589520

AR R IR AR MR BB (0 O R T AR AE K
IR A PSS Z i 4 LS e o)A K E]
B0, AW, 3E B SBB.SO4 ] & Bl AR ZE AR ES
FEHIBA Ji B K E N 1.50 mg- L', i& B 1103P % &)
fiti A A2 AR K% 7% 10 IBA i 89k FE N 1.00 mg - L'
Amiri ZEP%} Sultanine 5 % BT 70 K FL, 78 1/2MS 55
IR FE RN 1.00 mg - L' IBA B R R, vl ik
95%. IBAE N WA KREXNFHFAERIAEK
A — R, [, fE AR B R Ip N —
JE JI IR FE I Ac 23 B IIARAC R AR AR A2, 0 £ =i iR
RIAERRHEEY, ERERT I RKIL, BN Ac
AL 2E rb, 0 P AR AR DU LT ARSI Ac 1) 4k
. Lazo %5 W KIETCRL IR 7oA A, 75 1/2MS 3557
FfRI2.00 mg- L' IBAL0.20 g L Ac, 1R & A 357548
IR E o AT, 38 B ()3 Pk ] it I B
FH A ) s B G BRI 1) [ B e 1 2R AR

4 4

ARHFFE R W, B 38 B 3 oo A Al AR AR S 7R 1)
BL IR I N MS B IR Ak B K R ATIX 100% . %
1% SBB 1 1103P % %) fili A 1) 6-BA i Sk E -
2.00 mg- L'\ IBA i 8K E 4 0.25 mg- L' GA, Jii &
WP N0.50 mg- L' 503d B SO4 4 & fili A 1) 6-BA Jii
B N 1.52 mg- L' IBA R EWHKE N 0.25mg- L'\
GA, i E 036 mg- L' Heid B 3 Fh & ik A
A MRS IR IS R FR I (] 24058 7 d, Ac JREIRFEX N
0.10 g- L', £¢ 3 B SBB. SO4 #i & fiti A A2 R 15 7% 1)
IBA Jii 8K % v 1.50 mg - L', 5BB % & fiti A 1) 4= AR
FHNTIL 2.60, SO4 Hij ) fili A B AR R BT Ik 1.47

5E L 1103P 3 2 fili A B AR5 75 10 IBA Ji SR FE N
1.00 mg- L', A 4R REUATIL 2,30,

2 & #k References:

(11 B . A M. JEaT: RO AR, 1994 :12-15.
HE Puchao. Enology[M]. Beijing: China Agricultural Press,
1994 :12-15.

[2]1 /N ZRiE s, ST, S0, X, AT M e . FE

A& PR R BUR e B20]. b E B U7 R 2021, 50(5): 161-
166.
LI Xiaohong, LI Yunjing, MA Xiaoqing, GUO Jun, LIU Haijiao,
ZHENG Guogqing, TAO Jianmin. Development status and pros-
pect of grape industry in China[J]. South China Fruits, 2021, 50
(5):161-166.

(3]  HERME, bk, MG, A, O 2R St 9 A

] 28] Fili A P AR ERAR AR (1 52 [J]. 28 B AR AL, 2020, 38(3)
180-189.
YOU Jiahui, GAO Lin, WANG Haiou, LU Qiangian, ZHOU
Long, LI Shude. Effects of drought stress on physiological in-
dexes of nine grape rootstock varieties[J]. Non-wood Forest Re-
search,2020,38(3): 180-189.

[4]  &fEFE WRINEL, S, i, B = 3, B, IhVER] L #h

PR X8 AN [ 70 260 il ARl B 2R G T A RS D). SR
2441,2022,39(5): 773-783.
LU Qianjun, CHEN Liliang, MA Yuanyuan, LIU Ying, ZHAO
Yunwen, ZHAO Baolong, SUN Junli. Effects of saline- alkali
stress on photosynthetic and chlorophyll fluorescence character-
istics of different grape rootstocks[J]. Journal of Fruit Science,
2022,39(5):773-783.

[5]1  BE3%, b ou o AR A S5 /R LA, s, Sl A L BT

& Bl AR A AR PR bR SR AN e ). vh A S
2022(2):33-37.
HOU Yixing, Akejulidezi - Nuergailide , XUE Jing, ZHOU Long,
LI Shude. Analysis on physiological indexes and affinity of dif-
ferent stock-scion combinations of table grapes[J]. Sino-Over-
seas Grapevine & Wine,2022(2):33-37.

[6]  BRKEE, RJTHF, XIS W TE, 18, B, REE, 5

o BRI A4 B ARK C AREE BRI AT R SR T
S AIETERIFE W], P 2R B 5 2021(9):36-41.
ZHENG Qiuling, LIU Wanhao, LIU Xiaohong, TAN Yangyang,
XIAO Huilin, WANG Jianping, SONG Zhizhong, GONG Lei,
TANG Meiling, LU Jiansheng. Effects of four rootstocks on
fruit quality and antioxidant activity of ‘Cabernet Sauvignon’
grape[J]. China Fruits,2021(9):36-41.

[71 JAMWAL M, SINGH B, SHARMA N, KUMAR R, ARTI S,
SHARMA A, WALI V K, PARMAR A M. In vitro regeneration
of grape (Vitis vinifera L. ) cv. Perlette[J]. World Journal of Agri-
cultural Sciences,2013,9(2):161-166.

[8] PEDRO T S, PEIRO R, VILLANOVA J, OLMOS A, GISBERT
C. In vitro propagation of Vitis vinifera L. cv. Monastrell[J].
Electronic Journal of Biotechnology,2017,27:80-83.

[9] GARCIA-GONZALES R, QUIROZ K, CARRASCO B, CALIG-
ARI P. Plant tissue culture: current status, opportunities and chal-
lenges[J]. Ciencia Einvestigacion Agraria,2010,37(3):5-30.

[10] YILDIRIM H, OZDEMIR G. Influence of BAP concentrations
and nutrient medium composition on in vitro regeneration of
“Okiizgozii” and ‘Bogazkere’ (Vitis vinifera L.) cultivars[J]. Er-
werbs-Obstbau,2018,60(1):55-59.

[11]  BE3CH, BUIL, B4, R Jol . 4 MR & P AL I Bk &



2 RS T IR IE A AR TN R R A A A 700 3 R e R 2R B DB e

299

[12]

[13]

[14]

[15]

[1e]

[17]

[18]

[19]

[20]

[21]

[22]

P [T]. A 24,2019, 33(2): 248-254.
CAI Wenbo, DUAN Hong, WANG Jun, ZHU Yuandi. Establish-
ment of in vitro rapid micropropagation of four table grape cul-
tivars[J]. Journal of Nuclear Agriculture,2019,33(2):248-254.
M, FEE, R, BRI, BT, TR, BRI . Bt
BB A AL B A R ORI FL )] S 441, 2021, 38(3)
435-443.
LIN Qian, GAO Yingying, QIN Huanling, HUANG Tiankun,
ZHAO Yu, WANG Zhongxia, CHEN Shuyuan. Study on rapid
propagation technology of virus-free seedlings by tissue culture
in ‘Shine Muscat’ grape[J]. Journal of Fruit Science, 2021, 38
(3):435-443.
A, R, 2508 . BROCECE A R AL SR TR ).
PURITHE A 2740 CH IRRLERRD , 2021, 46(6) : 52-56.
NONG Yanfeng, WANG Liyuan, LI Jian. On tissue culture of
‘Sunshine Rose’ grape stems[J]. Journal of Southwest Normal
University (Natural Science Edition),2021,46(6):52-56.
SREe B, TR WL AL I L Bt G B 7 LR BOR R
T ZHARO R, 2020,48(8): 51-53.
SU Ling, GONG Lei, YIN Xiangtian, YANG Liying, YANG Yang.
Study on tissue culture technology of the ‘Guifeimeigui” grape [J].
Journal of Anhui Agricultural Sciences,2020,48(8):51-53.
YERBOLOVA L S, RYABUSHKINA N A, OLEICHENKO S
N, KAMPITOVA G A, GALIAKPAROV N N. The effect of
growth regulators on in vitro culture of some Vitis vinifera L.
cultivars[J]. World Applied Sciences Journal, 2013, 23(1): 76-
80.

G R AR DR L B R A S AT R M. B o E AR S
fiR4E,2010:134-138.
ZHAN Jicheng, LI Demei. Wine grape varieties[M]. Beijing:
China Agricultural University Press,2010:134-138.
MR BT R EERR , B, SRR - RIS R S e
I A AR R BU AR R AR SL[T]. MRS, 2021, 39
(4):69-78.
GAO Lin, FENG Linjiao, CHU Jiayao, YOU Jiahui, Aikeremu -
Yilihamu, ZHOU Long, LU Biao. Establishment of rapid propa-
gation system of Ribes Saxatile Pall. stem segment[J]. Econom-
ic Forest Research,2021,39(4):69-78
T BRI . R SR FRMI. 2 . b s ol HY i
#£,2013:27-29.
WANG Di, CHEN lJinfeng. Plant tissue culture[M]. 2nd ed. Bei-
jing:China Agricultural Press,2013:27-29.
W, G EEAE, AR IR B8R . CIRJCAL A E M SR
FERWFFU[T]. WL AR 24, 2014, 26(1) : 72-76.
YANG Guang, JIN Guihua, DONG Jun, ZHANG Qing, GONG
Na. Study on virus- free and rapid propagation techniques of
‘Zhuangyuanhong’ grape[J]. Acta Agriculturae Zhejiangensis,
2014,26(1):72-76.
B SE AL IR PR M. 220 H R R 27
AR HRAE, 1996:22-32.
CAO Ziyi. Practical plant tissue culture technology tutorial[M].
Lanzhou:Gansu Science and Technology Publishing,1996:22-32.
MOZAFARI A A, GHORAISHI O, GHADERI N, JAVADI. T.
Micropropagation of grape cultivars (Vitis vinifera L. ) on differ-
ent basal media supplemented with benzyl adenine[J]. Agricul-
turae Conspectus Scientificus,2016,81(3):23-129.
URHT, B BRI R LA, BAIHE, VFSCF B A B
AR ARSI, AETT B 2, 2016(9): 109-113.
LUO Meng, WANG lJie, LI Yuling, SONG Shiren,ZHAO Liping,
XU Wenping. Establishment of regeneration system of ‘ Xinyu’

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

grapevine in vitro[J]. Northern Horticulture,2016(9): 109-113.
AR, ZRME Y , AR, TRIR S . 0 A e L R )
WRIENAEAT R ARA T [I]. S 2241, 2011,28(3): 531-535.
XU Guogqian, LUAN Liying, JIAO Xuliang, ZHANG Zhenwen.
Optimizing a simple determination method for total phenolics in
grape and wine through quadratic regression rotational combina-
tion design[J]. Journal of Fruit Science,2011,28(3):531-535.
ALIZADEH M, SINGH S K, PATE V B, DESHMUKH P S.
Comparative performance of in vitro multiplication in four
grape (Vitis spp.) rootstock genotypes[J]. International Journal
of Plant Production,2010,4(1):41-50.

BATUKAYEV A A, PALAEVA D O, BATUKAVE M S, SO-
BRALIEVA E A. In vitro reproduction and ex vitro adaptation of
complex resistant grape varieties[C]//International Conference
on Smart Solutions for Agriculture (Agro-SMART 2018). Paris:
Atlantis Press,2018:895-899.

KINFE B, FEYSS A, BEDADA G. In vitro micropropagation of
grape vine (Vitis vinifera L.) from nodal culture[J]. African
Jouranl of Biotechnology,2017,16(43):2083-2091.

KHAN N, AHMED M, HAFIZ 1, ABBASI N, EJAZ S, ANJUM
M. Optimizing the concentrations of plant growth regulators for
in vitro shoot cultures, callus induction and shoot regeneration
from calluses of grapes[J]. Journal International Des Sciences
De La Vigne Et Du Vin,2015,49(1):37-45.

LR, 2% A AR TRIM]. 2 Wi Bt A2 Tkl
fitt,2013:41-42.

GONG Zhenhui, SHEN Shuxing. Plant tissue culture[M]. 2nd
ed. Beijing: Chemical Industry Press,2013:41-42.

P Rt [ R EE T A AW SR e i R kAR SV S TS VTR
SRV EFN,2020,18(3):982-987.

QI Xiangli, SHI Xiaoxin, DU Guogiang. Rapid propagation of
‘Hongguowang’ grape tissue culture in vitro[J]. Molecular
Plant Breeding,2020,18(3):982-987.

IR, SRREIL, B B, T T, 455 L IR R BOIRES 5 ToRE R
TR0 A U B AR AR AT, R S B A, 2021, 28
(1):17-20.

DONG Yuanyuan, CHAI Cijiang, XIA Rui, HUANG lJieping,
CEN Fen. Effects of environment, stem section state and sugar-
free medium on rooting of grape plantlet in vitro cultured in soil
supporting medium[J]. Journal of Tianjin Agricultural Universi-
ty,2021,28(1):17-20.

AMIRI S, MOHAMMADI R, AKBARI R. The effects of cytoki-
nin and auxin interactions on proliferation and rooting of seed-
less grapevine (Vitis vinifera L.) ‘Sultanine’ [J]. Erwerbs- Obst-
bau,2019,61(1):85-92.

ABIDO ATA,ALY M A M, HASSANEN S A, MOHAMED G.
In vitro propagation of grapevine (Vitis vinifera L.) Muscat of A/-
exandria cv. for conservation of endangerment[J]. Middle- East
Journal of Scientific Research,2013,13(3):328-337.

OLAH R. The use of activated charcoal in grapevine tissue cul-
ture[J]. Vitis Geilweilerhof,2017,56(4): 161-171.

LAZO M F, TRONCOSO R R, TIZNADO M E, MATINEZ M
A, ARISPURO V, OSUMA M A, DOMINGUE R M. Surface
disinfection procedure and in vitro regeneration of grapevine (Vi-
tis vinifera L.) axillary buds[J]. Springerplu,2016,5:453.
ARIFUZZAMAN M, SULTANA S, HOSSAIN M S, SAIFUL-
LA H. Paraphernalia of growth regulators during in vitro micro-
propagation of grapevine (Vitis vinifera L.) from shoot tips and
nodal segments[J]. Scholars Journal of Agriculture and Veteri-
nary Sciences,2016,3(4):326-331.



