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AR BGANEA AR R B R R . SRR SMER R B EG R T5%H)
RS AL FE 50s+0.1%Hgel, A3 8min, AMEARTEJHEN 17.3%, BIGHN 78%;: Kl bt
PISMERFE R B B SR IR, 3597 25d, B2k B R AMELA 3 2 135 R JE 0 MS +
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g, 4RACRH 25d, MGME REEIE 6.2 MG AEZFUIRCERE, R BEMRGE SR T, &
& tH e AR AE AR RS 9534 9 1/2 MS + 0.1 mg L' IBA + 0.1 mg L' TAA+30 g- L' fEH#+6.5 g-L-!
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Abstract: The semi-lignified branches of fast-growing Ulmus pumila were used as explants, and
75% alcohol and 0.1% Hgcl, were used for disinfection. After initiation culture, the multiple shoot
were induced in the enrichment medium, and then cut into individual plants for rooting induction,
and finally established a tissue culture and rapid propagation system. The results showed that the
optimal disinfection treatment combination of explants was 75% alcohol treatment for 50s + 0.1%
Hgcl, treatment for 8min, the contamination rate of explants was 17.3% and the survival rate was
78%. The sterilized explants were inoculated into the initiation medium and cultured for 25d, the
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most suitable medium for start-up of the explants was MS + 1.0 mg L' 6-BA + 0.1 mg L' IBA +
30 g L' sucrose + 6.5 g L' AGAR, with initiation rate up to 87.5%. After the initial culture,
axillary buds of the explants were cut off and inoculated into the enrichment medium for multiple
shoots induction. Finally, the optimal enrichment medium was selected as MS + 0.5 mg L' 6-BA
+0.1 mg L'+ 0.1 mg L' IBA + 30 g L sucrose + 6.5 g L' AGAR, and the subculture cycle was
25d with the increment coefficient as high as 6.2. The best rooting medium was 1/2 MS + 0.1 mg
L' IBA + 0.1 mg L' TAA+ 30 g L' sucrose + 6.5 g L' AGAR, and rooting was induced for 30d
with a rooting rate of 97%. After seedling adaptation, the tissue culture seedlings of U. pumila
were transplanted to mixed matrix with perlite: vermiculite: peat (volume ratio 1:1:1), and the
survival rate reached above 90%. Higher increment coefficient, rooting rate and transplant
survival rate can reduce production cost and realize factory seedling breeding.
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AKEAIA 3.5 em PLE, 6 AR TN 22 em, HOKMEATTA 28 K CREIEZE, 2016).
AR M R U AR B IR AR A, A B IR T, MR R, Tt A
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FIAi (Ulmus pumila L) K H IR ARE B 3. A0 0 HUsE . (@t MR AR AR v R Al
BERR, EHCE S, 50, K. SEARBLRIR AR VSRR R, Rl %=
1.2 R¥ L
1.2.1 AMER T

P A IR VIR 0.5 ~ 1.5 em,  Zefai Jr FOEAR,  LEGLK e 30 min, FZRH
MERIERIMEARTIZ G, EREGETES B, H 2 %X ERAWEBRIRIE 2 min, HH
75 %I AL EE 30 s A1 50 s FIANEREE, HeJa FH 0.1 %[ Heel 6% 4. 8 Al 12 min , JEEK
e 4 ~ 5 35 FH TG IR PEARIR S AMEAA R T K 73, FANTEMH M. BAREE 105 22
B, BEEZIR. WEAERNE TR B KRR, Gitis e M saE % .

1.2.2 JBEhRE 3%

KHLAT 6 Bl =BT HS: (1) MS+ 0.5 mg-L16-BA + 0.1 mg-L'IBA; (2) MS
+0.5mgL"16-BA+0.2mgL'IBA; (3)MS+0.5mg-L"!6-BA +0.3mg-L'IBA; (4)MS+ 1.0
mg-L16-BA + 0.1 mg-L'IBA; (5) MS + 1.5 mg-L"' 6-BA + 0.1 mg-L"' IBA; (6) MS + 2.0 mg-L!
6-BA + 0.1 mg-L'IBA; DL SR FRFLLF N 30 g L1 JERER 6 g- L' 350 fiE, pH 5.8, FFHIEFRH



1 ANSMEAR, BEANEEE 75 R, B 3 R JE IR0 BiRiRE 25 +3) °C, JBHEmIE] 12 hed,
JGHEBREE 3500 Lux, 25d 5, MUEMCEF AR KIS, SRR sl
1.2.3 HfE 3 9%

DL MS NFEAREEFREE, KA Lo (3% IEAZTRI BT, ¥ 6-BA(0.1,0.5, 1.0 mg-L). IBA
(0.1,0.2,0.3 mg-L") FIIAA (0,0.1,02mg- LY (F 1) . #Fh25d /it 2%
1 BYTEBE IR R K2R
Table 1 Factors and levels of proliferation medium

[KIZ& Factor

7K Level

6-"F = FEIRNEMS 6-BA WEh % KT [T R IBA
0.1 0.1 0
2 0.5 0.2 0.1
3 1.0 0.3 0.2
1.2.4 AR B 37

K Lo (3%) IEAZWER BT ARG IRIE (R 2) , PTHRIIEARTFREEDY 1/2 MS. 3/4 MS.
MS, ATHFE A N IBA (0.1,0.2,0.3 mg-L') FIIAA (0,0.1,0.2mg- L) . £HZ
ARG IR AR . MR 2 em BLERITEMR S, RILERN S Bk s REE S, 30d R4t
THERIEDL, TR

2 EMRIEIREL M R KPR
Table 2 Factors and levels of rooting medium
[X|% Factor

7K-F Level - - _ _
B R 3258 Medium type WWET RS IBA  E|WEZES TAA
1/2MS 0.1 0
3/4AMS 0.2 0.1
3 MS 0.3 0.2
1.2.5 IR 4%

FAEMRIEFE 30 d G AR ETRCE AR, T0E 3~5d. FFFdIEieg, %
B 2d, AT BOKORIE, CRUER A R ToE AR, ({8 45 1 1S B 1 SR IR 2% A
WHRE W MR, RIS KPP R IR, R S %o WIS ERBRAVE I 3 min,
Ja, FBERKIEHRT R, BRIBEE: Ea: BrEAEBRERN 11 R, ek,
30d JEATHRE RGBS R =1 WA/ AR £ < 100% .
1.3 HdE i B 5 3 A

AME ARG G R =15 B/ R N X 100 %6 5 I K= RGiE N0/ BM AN X 100% 5 e 3h
R=ZL Bl SRR/ M G R B 2R B B X 100% s 8ME RE=E TG AN e R R R 2K BLE
s AR ER=AARAN /RN 0K 100%

RIGHHE K SPASS16.0 Al Excel #AE#E4T G120 # o

2 SEREE R

2.1 HMERTH

M 3 AT LAE L, A8 75%0 RS R 0.1% Hegelo 414 % F i AME A 34T 1 35 AL 2,
5 Y 75 5T 1) PR K5 e A (P < 0.05) o Herb, K03 1 W) SR, ALFE 6 W
B AR, MWATHER B R AMEART S R R IR B R EZE R (P<0.05) o A 6 155 FiK
i, AEH EE AT [ AME AR IR 05 0K, AME AR B BE 2AUE 65.7%. L, Z54 EfAME



RIS Qe RIS %2, Ab3E 5 (T5%IFIR R 50 s +0.1% Hgela 8 min) AT B 1) S 475 G
R, BURRIAMERSGE R, AR AME R R T R AL B AL A
23 AN KR AL B X A A KR R R

Table 3  Effects of different sterilizing time on explant sterilization

TAS) Qb FE TV FERNE To e I
Number Treatment Inoculation  Contamination  Survival rate
number rate (%) (%)

1 75% Ethanol 30 s+0.1%Hgcl> 4 min 105 32.34£7.0° 63.0+6.2
2 75% Ethanol 30 s+0.1%Hgci 8 min 105 24.0+5.6% 68.3+7.8
3 75% Ethanol 30 s+0.1%Hgcl, 12 min 105 26.3+5.5% 60.3+4.9°
4 75% Ethanol 50 s+0.1%Hgcl> 4 min 105 28.7+£7.0 % 62.0+5.6
5 75% Ethanol 50 s+0.1%Hgcl, 8 min 105 17.3+4.9 78.0+4.0°
6 75% Ethanol 50 s+0.1%Hgci, 12 min 105 14.3+4.0° 65.7+6.8

22 R

R 4 fon, 87RE0). QFMQ)FESFH AMIMERIE A KNS, MiE, X =FEE
FEATE A ARMAMER I B shE 3% . 8537355 F1(6)F SIS BARE KB, (HB L™ &,
R, JF HAMEARISS i H Uk, Rk, XA IR AGE A A M ME R R ICEE
o EEFRE@IMERI R SRR E, B, KB T, & A FAAME A
BEA (4) SEFR%EE, HAMEKE RN 87.5%, Ak Hid & AR ME R B 3h 15 5%
$9(4) MS + 1.0 mg'L! 6-BA + 0.1 mg-L! IBA.

R 4 AR FRHESEBO T AMEAR IR 32 105

Table 4 Effects of different medium types on explant initiation rate of Ulmus pumila

B R dk £ EP | A 25 4 IEEIES JR BN
Medium AMEAEL  Germination — Starting Starting situation
(mg-L1) Number of  percentage rate
sterile (%) (%)
explants
(1) MS+6-B 46 7 152 FAKERE, W55, KHEES Buds
A 0.5+ grow slow, thin and weak
IBA 0.1
(2) MS+6-B 51 14 275 FAKE, ZBUESS, K#H55 Buds
A 0.5+ grow slowly, the stem thin and weak
IBA 0.2
(3) MS+6-B 55 19 345 FAK MK, K, ZERE, K
A 0.5+ # — % Buds grow in general, shoot
IBA 0.3 elongation, stem thin
(4) MS+6-B 48 42 87.5  ZFAKR, mthfhRE, wkak, EB
A 1.0+ # 1 Buds grow fast, blade
IBA 0.1 extension, stem thick
(5) MS+6-B 43 27 62.8  HAEKEMR, ZHM, HEEefd
A 15+ ZUER, M % il Buds grow fast,
IBA 0.1 stem stout, base callus is bigger, leaf

curl



(6) MS+6-B 53 30 56.6  HAKER, EEHEGHRRCR,
A 2.0+ ZLBUKTUR, BEESE ™ HE Buds grow
IBA 0.1 fast, stem stout, base callus is bigger,

stem segment with particular shape,
vitrification

2.3 HafE B

B RSB IR PR BV R, A B E R IR I P AT MR . R 5 oMk
BT RIS (B AT AN [FIRE S O e, B H REAE 1.5~6.5 ZIA) . fiRE 3 5 h R (H 20 Hr sl Rel %,
6-BA 7E AU A AR E R, RAEN 3.5: a2 KT M IBA. 1fi K 6 J5 % 43 #
WA EH, Eamakid it g0 R %K 6-BA X HH REGE i R, H F{H 171.438,
fE0.01 KPR B s FLUCON BN ER KT, F B9 24.813, ££0.05 K PIER &%, EKR
IBA X AR E R B R E L. o A ARKLEBEAS T, 4 SEFREEE RN,
HE R 6.2. BRI, Gk AR R AR IR I B EERE 7R A9 MS + 0.5 mg L' 6-BA + 0.1
mg-L'+0.1 mg-L'IBA,

R 5 AFERE LR BG E E AE 1 2
Table 5 Effects of different plant growth regulators on the proliferation of Ulmus pumila

1 7 546 B Number 6-FEIEMRIEY  WER “il”%T ifﬁ%iﬁ(
6-BA KT i IBA Proliferation rate
1 0.1 0.1 0 2.1
2 0.1 0.2 0.1 1.5
3 0.1 0.3 0.2 2.2
4 0.5 0.1 0.1 6.2
5 0.5 0.2 0.2 54
6 0.5 0.3 0 4.5
7 1 0.1 0.2 5.5
8 1 0.2 0 3.5
9 1 0.3 0.1 3.6
K1 1.9 4.6 34
K2 5.4 3.5 3.8
K3 4.2 34 4.4
R 3.5 1.2 0.4

R 6 AR AE AT 1 Mg AR5 i 1) 7 22 70 #r

Table 6 Variance analysis of plant growth regulators on the proliferation of Ulmus pumila

AR S AR 75 A H 75 F {4 P {H
Sources of Sum of square Degree of Mean F value P value
variation freedom square
6-BA 18.287 2 9.143 171.438 0.006
KT 2.647 2 1.323 24.813 0.039
IBA 1.520 2 0.760 14.250 0.066
WwZ Error 0.107 2 0.053
ST Sum 22.560 8




2.4 HERBEFE

M T IRZE A, Rem AR AL B B AR = AR R b, BRSO, R K
X IBA X AT B W AR ME 2, TAA MIERRIN: TR 8 7 Z 0 HTal A, RiFeddd
BUKE R ZH RS 1 AR ARTE 0.01 /KPR35, FE 847.459, fE=FEH, X ks Rs v AR AR
FIEFAEH; K E IBA X AR i AERAE 0.05 KPR, H FEN 41.703; ZE KR IAA
XF MRS AR AR TG R R . Z55 3R 7 AR 8 INSE I, B A0 H o 2H 5 1 AR AR 1) e
BRI N(T) 1/2 MS + 0.1 mg- L' IBA +0.1 mg-LIAA, EHREILF] 97%,

T ARV ZON A A AL AR AR R ) R

Table 7 Effects of different factors on the rooting rate of Ulmus pumila

T As) R R 5| e T 1R N5 W .18 GRS
Medium code Medium type IBA IAA Rooting rate (%)
1 MS 0.1 0 355
2 MS 0.2 0.05 29.5
3 MS 0.3 0.1 23.5
4 3/4MS 0.1 0.05 67.5
5 3/4MS 0.2 0.1 58.5
6 3/4MS 0.3 0 55.5
7 1/2MS 0.1 0.1 97
8 1/2MS 0.2 0 86
9 1/2MS 0.3 0.05 82.5
K1 29.5 66.7 59
K2 60.5 58 59.8
K3 88.5 53.8 59.7
R 59 12.9 0.8

8 N [AJ DR BT 1 M B AR AR 2 R [ 7 2 23 A

Table 8 The variance analysis of different factors on the rooting rate of Ulmus pumila

AR S AR 5 A H 575 F{H P 1A
Sources of variation Sum of square Degree of Mean Fvalue P value

freedom square
i 77 % Medium 5226.000 2 2613.000 847.459 0.001
IBA 257.167 2 128.583 41.703 0.023
TIAA 1.167 2 0.583 0.189 0.841

% Error 6.167 2 3.083

ST Sum 5490.500 8
2.5 PRI

B30 d 5, EMAUE IR R R 90% LA 1. 4k 50 d AT, EIMAUET
AT RAS A, B RRGHE, T HM K
3 T

5 Y 2 2 e R P S B 3 1 0 B, S T IR 3R — i SR T AR R A A A A
BRI I3 — 45 (R, 2010) o W25 o {6 F B — Fr 98 25 70 BB SR 6t AL 7 5N
(EY 5RO 2, B 2 NN AALE A, S0 SRR TS R GBS, 2017) .
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ASGAE 75 %R 50 s + 0.1 % Hgelo 8 min 4L E, AR W EFRR. F—2, Af
DAEE X ET R AME R TE R, (A 2 Bl DL BRI B RIEHT IR A, ImIE BEAR I BRI A

TEM B RS R, YK R R B IR A RANER I (B &8 BRES),
MR ERKELKAEN RN GE R REZER CRFEMIKEE, 2017) « K
S W AR AR AL A (6-BA, KT A IBA) X FIM4L PR e, Hh 6-BA
AR SRR, (RIKE BARRE R S WA ZE, (HAERAE KNS, U REUIK;
WEWRE 6-BA H SN R L, (HIELEON™E, RAE 6-BA HHKEHN 0.5
mg L. ASZIGTE AR EE R, Friif 6-BA HBLA iR gs 5 FEpESas ] —5 (£
FHESE, 2009) o ASLISEE— P ENE TEYE IR EM, KKK, kB4
K.

EEYPOE ST, BRI —E RERENEKRZAERN T HFAEMR (Huang &
Murashige, 1983) . AEKZ IBA X FIMTA 3w ARG SR ECR, SEERMAEH 172 MS +
0.1 mg:L"'IBA + 0.1 mg- L' TAA, AMRKIL 97%. 1FAKAEMRTREF, AL MS AHEA
Braedk, ik A AERAC T . P AL, AT DK BN [ R IR 2R A, S M 2E s AR AR
S, BT AERE, R AERE D .

ZE b, ARSI T BEAMIEA O E RS R, hER A PR E R TR
FERRFIRAR S8, Rl AR ARG AR iR AL — RS AN B B, N AT SR AR i A
AR o
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