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Factors Affecting the Primary Culture of Plus Trees Explants in Walnut Rootstock

HUANG Minmin"*,ZHANG Yi"?,ZHANG Qiang"*,NING Wanjun"?, WANG Baoqing'*
(1.Economic Forestry Research Institute, Xinjiang Academy of Forestry Sciences, Urumqi 830063, China;
2.Forest Ecosystem National Positioning Observation and Research Station in Aksu Xinjiang , Aksu 843000, China;
3.Agricultural College, Shihezi University , Shihezi 832000, China)

Abstract: Establishing an efficient in vitro propagation system for walnut rootstock clones is of great significance for the
cultivar development and large-scale application of specialized walnut rootstocks. To explore the optimal tissue culture method
for plus trees of walnut rootstock from Xinjiang, in this study, an orthogonal experimental design with four factors and three
levels Ly(3") was employed to investigate the effects of medium type(WPM, DKW, and 1/2 MS), anti-browning agent(PVP at
0.1, 0.5, and 1.0 g/L), plant growth regulator combination(TDZ 0.5 mg/L, TDZ 0.5 mg/L-+IBA 0.1 mg/L, and 6-BA
1.0 mg/L+1IBA 0.1 mg/L.), and disinfection method(1.0 g/1. of HgCl, for 10 min, 1.0 g/L of HgCl: for 10 min+3.0 g/L of
citric acid, and 1.0 g/L of HgCl: for 15 min) on the browning, contamination, and germination of walnut rootstock explants.
The results showed that the disinfection method had the greatest impact on the primary culture of walnut explants. Disinfection
with 1.0 g/L of HgCl: for 10 min significantly reduced the browning and contamination rates while increasing the germination
rate. A PVP concentration of 0.5 g/L played an important role in reducing browning rate and increasing germination rate. The
selection of 0.5 mg/L. of TDZ+0.1 mg/L of IBA as the plant growth regulator combination significantly increased the
germination rate and reduced the contamination rate. Through comprehensive evaluation, the optimal culture method for the
primary culture of walnut rootstock explants was determined to be DKW medium supplemented with 0.5 g/L. of PVP, 0.5 mg/L
of TDZ, and 0.1 mg/L of IBA, combined with disinfection using 1.0 g/L of HgCl. for 10 min.
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Tab.1 The orthogonal experimental factors and levels for primary culture of walnut rootstock

S [HZ Factor
Iijzjcl WEFRFERIZE (A) R L AR Lt B (B ) W) H#EE (D)
Culture medium type(A) PVP(B) Hormone(C) Sterilization method(D)
1 WPM K % 3 0.1g/L TDZ 0.5 mg/L 1.0 g/1. HgCl, 10 min
2 1/2 MS K 55 5 0.5g/L TDZ 0.5 mg/L+IBA 0.1 mg/L. 1.0 g/L. HgCl, 10 min—+3.0 g/L ¥ & i
3 DKW 15 7 3 1.0g/L 6-BA 1.0 mg/L+IBA 0.1 mg/L. 1.0 g/L HgCl, 15 min
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2.1.1 IEZREAER HE BRI ZE RPN
Ko i, RAFIHREXHR L5 R m K, tbH &R
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Tab.2 Orthogonal experiment for the primary culture of walnut rootstock

3% Number A B C D #B1L#/% Browning rate

1 1 1 1 1 13.77+1.55¢E

2 1 2 3 2 37.3241.63bB

3 1 3 2 3 30.144-2.59¢C

4 2 1 2 3 23.4240.96dD

5 2 2 3 1 0.00+0.00gF

6 2 3 1 2 67.5544.07aA

7 3 1 3 2 33.6143.76bcBC
8 3 2 1 3 21.8142.22dD

9 3 3 2 1 8.5440.58fE
K1 27.08 23.60 34.38 7.44

K2 30.33 19.71 23.09 46.16

K3 21.32 35.41 21.25 25.12

R 9.00 15.71 13.13 38.72

T F ARG TR IR 0.01 M 0.05KF FEFRE, £4.5.7.8.10[.

Note: The uppercase and lowercase letters in the same column represented significant differences at the 0.01 and 0.05 levels, respectively.

The same as Tab.4, 5, 7, 8, 10.
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B1 SMEGFRERL (LHEe)
Fig.1 Explant browning (Treatment 6)
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2 SMEMRKRBA (4EES)
Fig.2 No browning explant (Treatment 5)
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FEMARIR K, Yk 3] T 8 /K- (P<<0.01) (£ 3) .

R3 BRMBAMKEFRBUERHFTESN

Tab.3 Analysis of variance(ANOVA) of browning rate in the primary culture of walnut rootstock

ERARss ar s N e B VS ke
Source Significant level Source Significant level
A 37432 2 187.16 34.61 0.000 1 D 6763.81 2 3381.91 625.36 0.000 17
B 1204.05 2 602.03  111.32 0.000 1 w2 Error 97.34 18 5.41

C 909.61 2 454.81 84.10 0.000 1

oo RRE0.0L KT B S MR, %690,

Note: ** indicated extremely significant differences at the 0.01 level. The same as Tab.6, 9.

2.1.3 EHNHRMZELILE IR AR
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R, ARRARFKFEF,ASHXT T Al
FI A2 BB ARE A SME A 148 1k 564G BH (. BT , 3 1
Bl DKW K5 38 SA 0 T H A 2R s 0/ F T
ee I A% Ak Al K S R 119 48 Ak 3 5 B IR AN [l K 7
T B2 18 AL AR T B1AI B3, W B LH PVP
FE 5 VR BE R 0.5 g/ 1L B, % A% Bk il A 7 48 1k 350
e W G, o RN AR R R R R T R R AR LR C

= A F K-, C3 R R 2 6-BA 1.0 mg/L+
IBA 0.1 mg/L B # b F &AL, B F MK T C1(P<
0.05),5 C2 kA 2 5 A K, RIUIF KR 6-BA
MOR 22 AW NYE S R E SRS A IR OIS NN
SR, D1 AT T D2 F D3, BBk b A SN E A 1 48 1k
A W REAR, AE Ty 22 43 MK B Ik B K
SF(P<<0.01) ,3X 5 8 1.0 g/L HgCL {4 7 10 min i
T 75 7 AR T A 2 Ff ik 3305 ) - B A4 k6
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Tab.4 Significance of differences in browning rate across factor levels in the

primary culture of walnut rootstock %
K Level AYJE A mean BX{H B mean CH¥{H C mean D¥{H D mean
1 27.08410.58bA 23.60+8.83bB 34.38+5.24aA 7.4446.09¢C
2 30.3349.78aA 19.7146.29¢C 23.09+9.67bB 46.164+16.38aA
3 21.324+11.08¢B 35.4145.97aA 21.25+7.92bB 25.12+4.21bB

214 HmAEEFTANHE RGO, HE
By 1B AZ Bk Al A 48 £k 1) e DL 35 97 07 Xk A3B2C3D1,
Bl DKW+PVP 0.5 g/L+6-BA 1.0 mg/L+IBA
0.1 mg/L.+1.0 g/L HgCl, 10 min.

22 AEBFZFHEMEZSHFAINTLENZI
2.2.1 IEACIRK L A TR) Ak B A% Bk il A A1 A
IG5 YL g WL 3% 5 A 3 .40 MR RG A S R 5

YR M R KA Ml 22 RIEMEE R LLEH
AREHE D W E A RIEHRAK, R 14.65, HE
CHMERZ, N 1293, J5 & W & B Pt 1L 7l
PVP,R{E N 3.98, fieJo /& R A Br 32 3L A0 2, 5t i
ZA 2R T 2 D XAk Al A SR AR TS G 1 R
R HECRZ RERFEB, G EREKA,
H I, P2 R /NI D>C>B>A.

R5 BHMMBAVRKEFRSREENEIRBER

Tab.5 Orthogonal experiment for the primary culture of walnut rootstock

K45 Number A B C D 5L % /%  Contamination rate
1 1 1 1 1 6.68+1.56dD
2 1 2 3 2 12.614+2.33¢cC
3 1 3 2 3 30.27+1.29aA
4 2 1 2 3 30.4843.78aA
5 2 2 3 1 23.06+2.39bB
6 2 3 1 2 6.60+0.54dD
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Tab.5(Continued)

Orthogonal experiment for the primary culture of walnut rootstock

RS Number A B C D V593 /% Contamination rate
7 3 1 3 2 20.05+2.27bB
8 3 2 1 3 21.314+2.87bB
9 3 3 2 1 8.37+£0.80dCD
K1 16.52 19.07 11.53 12.70
K2 20.05 18.99 17.16 13.09
K3 16.58 15.09 24.46 27.35
R 3.53 3.98 12.93 14.65

B3 SMEFRETE (4hHE4)

Explant contamination (Treatment 4)

Fig.3

2.2.2 JrZEoNT EBRRE AR WU RIS QR A J7
22 T4 RN 6 T, 4 4L 7 0 A% Bk il A A1 A

B4 SMEERTR (hE1)

Fig.4 Uncontaminated explant (Treatment 1)

R T5 Y 1 52 AR AR R, 22 S 38 B T AR S OKOF
(P<<0.01),

x6 BHMMAMKEFRTRENTEZSN

Tab.6 Analysis of variance(ANOVA) of contamination rate in the primary culture of walnut rootstock

ERAKR gg it ™S BEAT | R o it ™S |k
Source Significant level Source Significant level
A 73.44 2 36.72 7.50 0.004 3™ D 1254.64 2 627.32  128.19 0.000 17
B 93.41 2 46.70 9.54 0.001 57 %2 Error 88.08 18 4.89
C 756.44 2 378.22  77.29 0.000 17
2.2.3 EMMHEFHEZEE EHREAL  RWERTHOR,
B3R5 Y R A5 N 1K P 4T 22 5 0 E PR LA, 4
R7 BMBANREFRSTEEZEEFKENEREENS
Tab.7 Significance of differences in contamination rateacross factor levels in the
primary culture of walnut rootstock %
K Level A{E A mean B#{E B mean CH#{E C mean D D mean
1 16.58+8.74bB 19.074+8.59aA 11.534+7.51cC 12.704+7.90bB
2 20.05+8.81aA 18.9945.32aA 17.16+8.18bB 13.09£6.06bB
3 16.524-6.54bB 15.0947.44bB 24.46+£5.07aA 27.35£5.16aA

ME 7RI LLE AR AR KES, AL
A3 AR F A2, BBk AR SRR 1 75 e R B
B FEAR X UL B WPM Al DKW 1 3% 36 41 xF T 1/
2 MIS K 7% 5L 0 A7 R T B AV A2 B il R A1 A AR 11 95
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FEMTC2MC3, 5B E2IM s ;DK
FZ A KB, D1 A D2 A X T D3, #% 8k fili A 4h
A 1 75 Y S8 A I 2 BRI, 38 B AR B 2 K OF (P<<
0.01),#HI 1.0 g/1. HgCl, 10 min A 8 7 X H A
I B AT A2 B il R A1 AR 1 15 Y 3, T B B () 4
KRIFE 3.0 g/ L A7 R vh U151 3 5 18 K05 Y i 5
2.2.4 e AEE WL 4 HOW AT £ 5
Mr, 52 B 1k A Bk Al A 5 g 1 R P 8 3R O Koy
A3B3C1D1, Bl DKW+1.0 g/L. PVP+0.5 mg/L
TDZ+1.0 g/L HgCl, 10 min.

23 AEEBEFREGMESFANBELZENZ NI
2.3.1 IEACIIEE R N[ Ab B A B AL AR A1 A
TR & (5 0 DL 26 S FET 5.6 M BEAG A A1 A
0 & FR 45 PR 20 KA St 22 RIE A 25 R mT LU B
WORZDHEHE A RMERK, 42,10, N EB
Bi# AL PVPIR 2, M 15.32, R BN R CIM &,
RAE A 12.15, S Ja B R AR FREM I Uil 2K
PSRN PS = OO N R R NP i RNl RS I e
R FHA 3F R R CIkZ R 52
EB.EREEKA.

R8 BMMANKEFAFENEIRARER

Tab.8 Orthogonal experiment for primary culture of walnut rootstock

K5 Number A B C D Bi2E% /%  Germination rate
1 1 1 1 1 80.2042.81bB
2 1 2 3 2 49.5041.04dD
3 1 3 2 3 38.64+2.51eE
4 2 1 2 3 61.05+1.62cC
5 2 2 3 1 91.72+2.88aA
6 2 3 1 2 26.39+1.91(F
7 3 1 3 2 52.29+3.75dD
8 3 2 1 3 50.06+3.36dD
9 3 3 2 1 82.56+2.89bB

K1 56.12 64.52 52.22 84.83
K2 59.72 63.76 64.37 42.73
K3 61.64 49.20 60.89 49.92
R 5.52 15.32 12.15 42.10

B5 MIZFRBR (LHE3)

Fig.5 No germination axillary bud (Treatment 3)

2.3.2 TrESNT BBREEARRIACRE IR 2 R A T7
22 BT RN 9 TR, 4 4L IR 7 A% Bkl AR A1 R

6 WMIFEWHR (LES)
Fig.6 Axillary bud germination (Treatment 5)
PR R 00 5 i AR AR K, 22 5 24 3k 3] T AR 8 35 K P
(P<<0.01).

RO BMMAMKBEFRBEFRHFENN

Tab.9 Analysis of variance(ANOVA) of germination rate in the primary culture of walnut rootstock

BARE g g owms op o WEKTOESERES oo gy B
Source Significant level Source Significant level
A 141.46 2 70.73 9.98 0.001 2" D 9128.73 2 4564.37 644.19 0.000 1
B 1341.50 2 670.75  94.67 0.000 17 w2 Error 12754 18 7.09
C 704.74 2 352.37  49.73 0.000 1"
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Br IR R R4S T KR AT 22 5 W 3 MR L, 4
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T AL, XA HEAG A SME A 1 ] A 20 W] 42, X
Ui ] DKW 1 1/2MS 85 37 FL A0 X T WPM 1 5% 5
B R T B = A% PR R R AN I & R B R
AN KA, BRI B2 # & R & T B3, %M
Bij 45 4 %) PVP 7E 5t & Wk B2 & 0.1~0.5 g/L I, Xf

BBl A MR A B K dic A R ik BE e v BT AS
T & CHREANR K, C2RE RN TDZ
0.5 mg/L+1IBA 0.1 mg/L i %k i wm, ¥ m
T C2HC3; D FRA [ AKFf, DIk % &
BT D2 D3, ¥ 1.0 g/L HgCl, 10 min B 7
7 2O % Ak Al A IR A 1 17 R AR e A T B
] 3o K ALE 3 g/ LAF AR rh U1 HI AR F 8 % o

R10 BB AVRERHFEERFKTIHNEREES

Tab.10 Significance of differences in germination rate across factor levels in the

primary culture of walnut rootstock %
K Level AY{E A mean B¥{i B mean CH¥{i C mean D D mean
1 56.12+18.77bB 64.52+12.61aA 52.22+13.48¢cC 84.83+5.82aA
2 59.72418.36aA 63.764+11.09aA 64.37419.13aA 42.73+12.50cC
3 61.64+415.98aA 49.20+15.67bB 60.89+10.59bB 49.924+9.96bB

234 EAEHFHFAWNITFE KLGE 50 H
JE R MR AL AT & A By R O AU A3B1C2D1,
Bl DKW-+PVP 0.1 g/L+TDZ 0.5 mg/L+IBA
0.1 mg/L+1.0 g/L. HgCl, 10 min,

3 bt
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A8 2 R R A 20D G 2 ) T 4 2 T SR AL
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R AL K 2 Z PR . X 22 IR gE A
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SR AR R A O B R AR IR (254 2)°C K 3R Ak
Hh A e T HL R VR R R e TR VAR BB ORI AR R
1o (AR R R 25 (R E A T i & 2 . PVP R4l 4L
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Frad B bR Bt A B — oK Y B,
ik S S R Y B A D By R Y B
& ) 9% A A AR Y AR 25 R R L, PVP
X A% BG4 Al R R 2F R Y AR
FH 0 48 A A B L) 5 0.5 g/ L

GERZ/E-Ru NS AN A E L g SNk 7/ IS
WA KT A B E FRICR L e B AR Y A KR )
R FERE™Y MR E B RS LA RS X
SEAVEH], A0 M 53 24 R 5 AR KR Y U AH 52w A A bR
3 Ak AR I 5 1 o R 3 I A R 3R R 2 B vk
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