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1A

1.1 iKIe R IRS K AL 2

A3HTF 2017 4ERZEE 2018 AR HRLERR A T
BB ok LB, REEA KA. JO HRE 2
WIRNRZFA %, PEHBURIGIRIRZE, 125002206k,
FIANTRE L) 0.5 cm BYZER, FEFGEN 1~2 mm
KZEBe, & TR, MY mE DR, AXkK
Wk 1~2h,
1.2 iKW FH*E
1.2.1  0.1%HgCl, X # B 18] 54 & 1 94K 3% 13 49 %
W CRRIRZEAE B TAE S F e 70% 0945 1M 7
30s, & HICHEKMYE 4~5 %, A 0.1% HgCl,
rHIKE 4. 6, 8, 10, 12 min, FH G B /K wh ik
5~6 K, HEEI BT RMMAE R KA. b
56 MU FEFTEA RS AT ZR 1 WPM 55570 |
TSP 20 i, BRREERN | ASSMER, JLE
23, HR 15 dIRSFIMERRTE YR &R
122 BAAESAIKRRF FHLGHw LI WPM A
BRI, FRMEER 0.8, 1.0, 1.2, 1.5,
1.8, 2.0 mgL"'f 6-BAFI 0.1. 02 mgL'f
NAA % 0.01. 0.02 mg-L™"' i) IBA, %5 K& ) (1)
RHRZE, AL ERERD 10 0, BHREEFR 1 AS4ME
i, HEE 3R, 37 3~4 FESITHIMEARE &
T
123 #MEMEMIGHGHrm PR EIAR
EFRKE 3~5em B, B2 1 om W 2R 25 B
HEATHGRE , FART IR WPM AR 3R 3L [ ik
05, 1.0, 1.5, 2.0 mg-L' 4 6-BA Fil 0.01,
0.02. 0.05 mg-L™"' 1) NAA, FabFE4ERD 159,
RREEAD 2 5K, FEER 3R, HiF40d )5
ST AE R BT TR AR
124 AAIBEARAEA | IBA BEME KX R EAR
HFHem  BERUERMERH: . Markst . =2 S em
TOM T AR SR . 3B L WPM, MS. 12
MS AR, WIS 20, 25, 30, 35g L,
B BE 4 0.4, 0.5, 0.8, 1.0 mg- L™ ) IBA, %
ASREEREEFD 20 i, REREEERD 1 NAMER, HES
3, MR EBIILS . DR AEMRRTE], KRR 25d
IS AEAR ORAL, TR . AT R, MR
R
125 AW Ba EHARESR 25 dEEKE
AL M EEEgk | RREE RIFWAR I TR

M, SRR RE, LR S N R E R
Bi5d, %6 RITmBEW I, 8 REe s
FRAETL 5 do S HINE /K by T 20 85 P AR R B 1Y
Rigedk, B TRAIRAIT (==K
EEHTRRLE N 1:4:1) ME SR MG
KK 4~6 I, fRFE/NREIREETE 90%LA |, i
FEREHITE 20~25°C, 21 d JGGei PG R M A AR
12.6 RHFEML BB S BTCERIULH,
BT AT B % JE ¥ U0 RERE 30 gL' Bl 7 gL,
pH A% 5.8, B (121°C) & E KB 20 min, 1
TR (25+2) C, JEHH 16 /8 h, HlHGH
B 36 umol'm™*'s™',

BB U = BB SRR 2L

8 R R A = B T AR R A 2
BT R (B P A R R 4 g3 2 <1
3G, Hodr, <37 FoR M A K AR . ZE TR
IR S NIE R (35 SRS B ' .3 | RN L 54
L AL U RRAERK B RN S
M. FEAERR o T 25 T RS A0S ) o

HRAGE RS A = MR 2R A8 KR AA 2 /A4 AR T
B CRFRAERARBLR 43y 37 <22 <1 3441,

Hop, 37 Fon i AE P A S R, KREEE S,
A REAR s 2R RERLA S Wi, A /DR

M 1" FomiEsanss, AR ).
AERRTEEL = AR < SR < PR AL
fifi FH SPSS A4 X} BT G it B 16 47 5 2% 0 bt
(ANOVA ) FIRZERLE:, BEFKV-H P<0.05,

2 HRERHN

2.1 0.1% HgCl, X} T ESMEE IR SR #Mm

TR BB TR LA A A R b R A
THYAL SRR EY. . & 1 JUEE: X
R AL BB TR TR, A R RS A KRS AT
Bl 0.1% HgCl, AbPRES ] A A4, AN AA 1) 75 G
R ILHHRARH S, AS5HER, | HeCl, A
S5 IMEARAES (LR W R], 2438 E]
8 min B, B AL BTG Y, SAME RS &
FIRB AP B E, T 60%. I, 24
38R, ik ROl BT M AT 5 K B Y
ikl e 70% W AGTH B 30 s, TR K Pk
3~4 W, KI5 H 0.1% HgCl, 7 8 min, JCH /K
ik 5~6 K.
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Fz1 0.1% HgCl, REE E3 T EIMEEIRE R R0
Table 1 Effects of 0.1% HgCl, sterilization time on the acquisition of sterile explants
A, KA I ] /min HME RS 159K /% HALIET- R/ % B A3 1%

Test number Sterilization time Number of explants Pollution rate Browning mortality rate Germination rate

Al 4 60 51.7+0.19° 6.7 +0.09° 41.7+0.15°
A2 6 60 45.0+0.22° 15.0£0.31% 40.0+£0.18"
A3 8 60 15.0 £ 0.25° 25.0+0.27° 60.0 £ 0.32°
A4 12 60 13.3£0.17° 58.3+0.19° 28.3 £0.44"

e R EE o ME £ AR, ARNE TRER A RAEIRIZER R (p<0.05), TFiH.

Notes: The data in the table are the mean + standard deviation, and different lowercase letters indicate significant differences between different treatments

(p <0.05), the same below.

22 HEHAESIRERZFIEZ T

PIREEFRES IR (6 2) K. RREEAEXT
PRI ZE I % LA R A KRS R AN 5 Y3 in—&
WL NAA BF, B 6-BA W BEIRE AN, AMEA
I & RS SE BTG TR, 4 NAA K
R 0.1mg L', 6-BAWKEEN 1.5mg- L' i, FMH
RHI R IR B Fe i, N 83.33%, H AT A A
KRBT AL, RIRZFAERE R 1 R A iR A&
MR e E R I R 22 MBI i MR A K 1Y 6-
BA WEE—ERT, NAA WREETHS, SMERE &5
Wi R, AMERA RS T B2, 24 NAA ¥
FEN 02 mg L™ B, FrAaARBE N W SMEAR AN =
25, PR R R WA 0.1 mg L' NAA IR
T 10.61%. WRIRZFRIA IS I 00 7 v i 32 22 Y [R] A
& R MR AR, XRERASRSMEAR T
DT DL AR SR . PR SR A I

HA B4 FI BS 0BT, SMER A T 25, {H BS i
FrEAR R, B R eI g, A%
L AMUMRIR ZFWEE R R MR LA A 1.5
mg-L™' 6-BA+0.1 mg-L™' NAA,
2.3 BERAEXEEKNE

W21 2R B 2 B S R BR T LL 3
BB IR, R 7 d ZRBUEEERIT IR b 2
M B m AL, BEFE 40 d RS
5L (R 3) KW GFH RELLL I FHE il R 4L
Bkt 6-BA BT 24 E TR R R, 4
6-BA M FE K 1.5 mg- L IS, 3958 2408 1.0, 2.0
mg- L W B 66.54% ., 62.37%, fHEFETEHL
Iy 64.18% . 46.67%, HUFHAE N FeAl; BEE
NAA R BERG N, $E5H 22 ORI B+ B0 A8 ka4
WRI N ETHE TR, AEWRER 0.02 mg L™ B,
SRR KR 3.73, SEIMERERE R 1.75, 3k

®2 EYERBETHOREFHZE

Table 2 Effects of plant growth regulators on primary culture

o HA A KT T AR (mgrL )
oy Concentration of plant growth regulator
Test number

SME IR

Number of explants ~ Germination rate

HI A% HME A KOIRE

The growth state of the explants

6-BA NAA IBA
Bl 0.8 0.1 0 30 53.33+0.65abc  FEFTLAEAG, T, WAL

B2 1.0 0.1 0 30 56.67+£091abc  HEHTLEA, T, WK

B3 12 0.1 0 32 62.50+0.34abc  HEHTLAAM, L2, HIEH

B4 15 0.1 0 30 83.33+0.55d HEEAE O EG, EER, st

B5 1.8 0.1 0 28 71.43+0.67 cd AR OB, EAE, HRE
B6 2.0 0.1 0 28 72.41 £0.39 cd AR F O, T2, gk
B7 0.8 0.2 0 30 46.67+044abc  FEHLEG, T, WML

B8 1.0 0.2 0 32 56.25+£043abc  HEHTLEA, T, WK

B9 12 0.2 0 31 67.74+0.58bed  HHAHEOELEL, K=, HEA

B10 15 0.2 0 31 64.51+0.71 be A O, Tk, g

Bl1 1.8 0.2 0 29 62.07+0.66abc A KB AT, T, Higihk
B12 2.0 0.2 0 30 60.00+0.80 abc A K\ EHN B, T2, mHEl

B13 1.5 0.1 0.02 30 4333+0.63a FE ARG A, o, HIEE

Bl4 1.5 0.1 0.05 30 50.00 £ 0.57 ab HEE ARG AR, o2, HIEW
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| 3 MREEANFE P R, I, ZIMEE R R i
YA K FEFTFIE A 1.5 mg L™ 6-BA+ 0.02

mg' L' NAA, BLAbH MEOMERSTE ZEGAE] 4.77, {8
FREFEEGEE] 2.45,

®3 EYERKETLHIHEEEFRHZM

Table 3 Effects of plant growth regulators on the proliferation culture

WA KRR (mg L)

ECoass Concentration of plant growth regulator A B fa R AL
Test number Proliferation coefficient Health index
6-BA NAA
Cl 1.0 0.01 2.56+0.15® 1.28 £0.13*
C2 1.0 0.02 3.04 £0.12% 1.24+0.09°
C3 1.0 0.05 2.57 +£0.32%® 1.51+0.22°
C4 1.5 0.01 445+021% 2.16 £0.32°
C5 1.5 0.02 4.77+0.18" 2.45+0.14*
C6 1.5 0.05 4.37+0.22" 1.99 + 0.25°
C7 2.0 0.01 2.67+£0.41® 1.64 +0.23*
C8 2.0 0.02 3.39 £0.24® 1.55+0.16°
Cc9 2.0 0.05 230+0.21° 1.32+0.26°

24 EAREFEER IBA REEREXNAERE
=3EAl

MR SRZY 7 d, MRS ] DL SRR A
ARG SRS R WA AOR , AR K
WAL, A, R K B IR A
Rk, B 25 d AS[A] FE A B 57 5L DL SOAS [ vk B
IBA XFAEAMRARZ M UL 1, 3 MR SEAKE FR 3T
(B AR (E1A) SIRRFRK A 12
MS>WPM>MS, 1/2MS & FIFEAREER N 84.9%,
H MS FEFR 0 2.6 £ BAR 12 MS 1557 T 40peE
R m, AHFEHARESE (K I1B) . K
(F1C). RS (K 1D) /N WPM K%
TAEAR B AR AR AR, AT R & (1] 1E ),
WPM 15 5% T MR fd s 5348 1.77, & T 5k
2 A KR SR 3L, AR G B S, i,
2T MER AR AR IEA R SR I WPM,

AN e B2 IBA Kb B 1 S 2 A AR % 3 (IR P
H: 0.8>1.0>0.5>0.4mg-L™", 43k 75.8% . 74.2%.
73.3%. 14.67%, NI&EH IBA WRE 54 R R
FHOG, £ 0.8 mg- L™ W AEMR AR =i, T 2R
FZE 1.0mg L' B, AEMRRNAT TR, 285518
AR R TOAR PRAR A ARRAS, BIAEARE . AR . fil
FREAE B AR S, 15 H L WPM A K 3%
BfHi 0.8 mg-L™" IBA B A MRAUR e fE, CACE T4
FLARIRE] 100%, {EEREEEcd ik 2.61,

TR B X AR AR KR SR AR WL 4, AEARSRPH
FEMEIR B A T = T TG, SR L 25 g L
B, #AbFREE2ERIFARE . FEWREN 30, 35

g LA E] T 100% MZER %, H7E30 g L'
FRIALEER , SRR R AmRaes. &
FRAEEE T 35 g L7 WAL HE, FRIALMEEAREE IR
SR FER R BE N A 30 g L'
25 GEBE

AR 2 RIFIR A I IR 25
Byiyg, 57 XIFHMMZER T &, 5 14 K
LRGSR, MK RBEIRE, MR Bk
HEia AR LR, 2RI HB R ik, 21d 4%
IR S HN 83.9%,
3 it

TC R AME R B BAS A 2 AU 5 O Rk R
SRS, SRR TS T K T IE X 2R IR
WFoE HA i S SRR A Sl %o O A
FIMR G, K ZE BAE SN AR S,  0.1%
HgCl, KB 10 min 8RS, AT HZTAEARHR
ZEMAMEA, 15 HH 0.1% HeCl, 43 8 min B K
PR A, KB ER 10 min B, SMEKTS
YRR TC 0 AT A 1) 2 BRI, X AT RESE A
MBI KRS BTN, 325 2R i fRHR 2F
LU ZEBC TGS, AR Tl fid 2K B 551 £ 3 LA MR
PR % AN [] A A s T 5 K T vk
ANSAR, KRR e B ZAR R SME R I RN
R TR B S e, LR o) S A RS ] 2 X S M R
AR ) KR RR, KB R )i 2 K AR
FEIMEAR TG Y, 1 K B S A U S A5 A
fafR, SHERSMERME LTS,
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0o 2aa 2 6 . 6
ab
80 | ] St St ab
7 5 ab ab
.2 , 9 4t 1 <= 4t b
%S 60 | %S ab abab gg" [— b
£z b EEE T SEE
% w0l g v [ . E '
& lbb 7 S8 2} ol |
f / ~ |
20 + f 1L 1L i
| ¥V ol cl/ .C C 0 Ol
12MS M WPM 1/2MS MS WPM 12MS MS
FEARSEFRHEEA] FEASEFRHEEA) FEAR IR HEEA]
Basic medium type Basic medium type Basic medium type
D E
30 a 3.0 a
25+ a 25¢ ab
. 1
5 20} % 20} Vi
=T =03 |
™. b nE bbb bbb |
ZEE sz 150 7Ll |
5 3 / | A
2 10l b ST 5 7
P be i 1
5t cf R c 05F| I {
0 ﬂ .CI’ [—h ,C 0 N cl Y 1
1/2MS MS WPM 1/2MS MS WPM
FEA R FRHAAY BT IR R
Basic medium type Basic medium type
[J04mgL! [Z705mg L [10.8mg L' HMl1.0mgL"!

T FPEEE I £ brife, ARVNE FRER R RSB 225 B2 (p<0.05).

Notes: The data in the figure are means + standard deviation, different lowercase letters indicate significant differences between different treatments (p < 0.05).

B1 EARBEFRELBE IBA RENIEAERT SN

Fig. 1 Effects of basic medium type and IBA concentration on the induction of adventitious roots of Betula albo-sinensis

R4 EERENEREFOZMN
Table 4 Effects of sucrose concentration on rooting culture
L sasy B IR A REMEIREZ/ (g L) HAHREE/% YRR B 2% HR4/em AARTE R i HEE 5
Testnumber ~ Basic medium  Concentration of Sucrose ~ Rooting rate ~ Mean rooting number Root length Rooting index ~ Health index
El 20 72+3.09b 3.06£021b 421+040a 928+0.62b 2.11+0.15a
127) 25 96+2.54a 3.25+0.19 ab 452+029a 1410+ 0.84a 2.17+0.09a
E3 WM 30 100+ 0.00 a 424+035a 501+£033a 21.62+0.66 a 244+022a
E4 35 100+ 0.00 a 3.84+0.31 ab 433+025a 16.63+0.58a 2.20+027a

BB R TR R IR RS TR B A R T 1Y
RN Yo ER S AR R R G R TR R 2
WA, M AR R B, IEE M. AL ViR
HEEFE R 75 R A KR FIBC EL 43508 1.0 mg L™
6-BA+0.05 mg- L' NAA, 0.75 mg'L"' 6-BA+0.75
mg-L™ KT+0.1 mg-L"' NAA, 0.5 mg-L™' 6-BA+0.01
mg L' NAA" . AHIF 58 45 Hh 55 30 E 21 AR 18 5 1)
MZER M 1.5 mg L 6-BA+0.02 mg' L' NAA, #J
W, HEARBHR R GE SR T IR £ 6-BA 5
NAA, HATE®HWE RN 0.5~1.5mg L™, &M
9 0.01~0.1 mg-L™", HeARIHERYHE5E 5 5% ARl
T 6-BA I KT WA 4R, (HH ST AR

i 15mgL' A, ARMHFEI, FiE 6-BA
NAA WREERUBGIN, BG58 R4, BG50 0 f s 4
S5 EIHE TREREE, W R st Ik
A — R LA A N, (AT RS
BB WA RS B ONE, WA E N IE A AR
Fto AN[RIMERS G 5H 1 o7t P A T3 TR B A8 AL 2 AN
[ ARt 4l AR 54 KRR il
FEEARI ST S AR TP A TR WA

AMEAIE T AEAR R GE T 2B PR R 8 A AL
TGS S AR AR SR R A B R AL . W
RWRZESHCIG . R . RSk . B
ZMAEN — T AR R R A 1/8 MS,
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1/4MS, 12MS, MS, WPM 45, A= R — bt
B R FRILERRE AR T, (HIRBE AR &8
0 R ARG AR E SRR, AR R B,
LM AR BE FR AR WPM > 1/2 MS > MS. 5Kl
AN EE P2 3 3 X6 R A A A AR I S A T A
F4518, BR 12 MSHF: FafeAhmEs
WPM K T E W2, (AR E AN,
HOHDH: . ZWiZd . 25/, 1 WPM K57 T T A 4R
HALE A S W, KEES, ARESR, HiE
BT, XATREEH WPM 1558 T 4351
FLFIE B AR LD, A T AR AR S 445 Ak
RERE, M EAKAEL, BHEAERS. BR
FIEARREFIL, KK IBA TELFYIA E R
R BB IEIP, AR RV, SR IBA
WEE/NF 1.0 mg- L' B, HIR 5 A4 HA5OR 2 A
X, TYWREEIAF] 1.0 mg L I, AR A HRTE
B ARRRIREOTA T MR, Bl TAARRR IR
0.8 mg-L™", X5 8RR X SO AR AR R ZE
FELE IR, TBA HARNTASE M A7 A A fR ik
FH, AR R o s W 2 B i VR

— I SR RETE B KA B P 4
TAK, BAKEYIEFRVE IR NS 3 AR
FEF, —BAE YA LG TR LR R B A B 75 Ak
Hr el BRI PT W ST A R R, AR R R
30 gL', T ARER AR AR, MR R E N
20 g L7 B, ARFREMECH:, HENRKEES, AR
B, ABFFEREE T 20, 25, 30, 35 g L EEBERTLL
HEAEMIE R, 255k, S 30g L™
TERERE, XHAEARSE SRR EIA RN E ;AT
FEAFE X FUHE B A S T I R B, RERR X
HELRE AR AR AR 83 . SRR B9 A Kbk
SO KT AR, i ERErRgsie Rt
FERTAT, I AR £ A AR G R X R 1) 75 2R A
T, YRR R I, IR A K TR
BimAKAR, &SRB E R &
M A MEAR G IEH AR T TR BF R S5 e  n] R 2
RN HAR I BAEA N T 0.2 mg L™ IBA IS0 F ik
7Y, IBA XAERRBYSZ IR TR, REMR B —
AT B A VI PR P I AS 206 A MR R s ol B S R

4 Hip

TS XL BT IR A B B A TR, R
HESL TSR NLIME SR B R E R P EIR R, iR
FEILIE 2, BUDAZIAEPRIRZF AR, SEH] 70% i

KEilH# 30s, JTCRWZKPEE 3~4 1k, REH 0.1%
HgCl, W% 8 min, JCIRZK MYk 5~6 RIRTF TSI M
B, WM R BOE E R B L WPM +1.5 mg- L™
6-BA+0.1 mg' L' NAA; BOGEIEFRRAEiC A WPM +
1.5 mg'L '6-BA+0.02 mg-L ' NAA; MR85 55 5 4+
Bii l o WPM +0.8 mg- L™ IBA, FFf 15 35 5L L
FHin 30 g L7 M S 7 g L7 Bilg; A K RAFALE:
WM TRAARARET (E™R K : EfKE - 5
PEMARRLE A 1 40 1) AEFRET, 21d &t
TS %N 83.9%. MARRTNLAMERFET | &
MIIGE . G S5 29 LA

.

W AFERMAHREE; BAIARIESE; CHsEERSR; DARMUESR; EsciEdl
s FASHIZHERH

Notes: A. Inoculate dormant buds; B. Primary culture; C. Proliferation culture;
D. Rooting culture; E. Complete tissue culture plant; F.Transplanting tissue

culture plant.
2 HARIEFIERR

Fig. 2 Tissue culture of Betula albo-sinensis
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Establishment of Tissue Culture System of Betula albo-sinensis

FU Xue-ning', GAO Hong-zhi', SHEN Yao-rong®, WANG Yong-kang®, JIANG Zai-min*, CAI Jing'

(1. College of Forestry, Northwest A & F University, Yangling 712100, Shaanxi, China; 2. Taoping Forest Farm, Xiaolongshan Forestry
Experimental Bureau, Longnan 742200, Gansu, China; 3. Matoutan Forestry Bureau, Baoji 721006, Shaanxi, China;
4. College of Life Science, Northwest A & F University, Yangling 712100, Shaanxi, China)

Abstract: [Objective] To explore the optimal medium ratio at each stage of the tissue culture of Betula albo-sinen-
sis, to establish the tissue culture system of B. albo-sinensis, and provide theoretical support for the studies on species
selection of superior varieties, directional cultivation and genetic transformation of B. albo-sinensis. [Method] Using
dormant buds of B. albo-sinensis as explants to study the optimal disinfection and sterilization method of explants,
the effect of 6-BA and NAA concentrations on the germination of dormant buds and proliferation culture, and the ef-
fects of basic medium types, IBA and sucrose concentrations on the induction of adventitious root. [Result] The op-
timal tissue culture system of B. albo-sinensis established in this study is as follows. (1) Using B. albo-sinensis
dormant buds as explants, and sterilized with 70% alcohol for 30 seconds and washed with sterile water for 3-4 times,
then sterilized with 0.1% HgCl, for 8 minutes and washed with sterile water for 5-6 times to obtain sterile materials.
(2) The optimal medium for the germination of dormant buds is WPM basic medium with 1.5 mg-L™" 6-BA and 0.1
mg-L™"' NAA, the germination rate of explants is 83.33%. (3) The best proliferation culture is WPM adding 1.5
mg-L™' 6-BA and 0.02 mg-L™' NAA, with a proliferation coefficient of 4.77 and a health index of 2.45. (4) The most
suitable medium for adventitious root induction is WPM supplemented with 0.8 mg-L™" IBA, the rooting rate is
100%, and the root health index is 2.61. All the media are supplemented with 30 g-L™"' sucrose and 7 g-L™' agar.
[Conclusion] With WPM as the basic medium and different concentrations of 6-BA, NAA and IBA added, the cul-
ture of B. albo-sinensis at all stages could be successfully carried out, and a complete regeneration system of organo-
genesis generation pathway is established. The transplant survival rate of regenerated plants is higher than 80%.

Keywords: Betula albo-sinensis Burk; organogenesis; plant growth regulators; plant regeneration
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