IR

AR A 2H 2 7R S LR 2

Fhor e W F A h LT B LV BEE VR

CLARBARM R [ 5 R TR R WS R0, AN 350002; 2. AR MRS MR, RN 350002; 3. MR IR BRSP4, 47
350002 )

W LA A A B 2 MR, T 75% TR A 0.1%HgCla i #EAFE, AMEIRZ S R shiif)a, b (ass
FEFP AT NEZER S, RISR R ZE D) R I T A AR T, B 2O ST R MU A AR R T B AR R L A5 SRR
AR R TR AL BB AN 75% TR AL ] 50s+0.1%HgClL AR 8min, AMEMRIGYCR N 17.3%, IR N 78%; KiHE
SE PR ) SME R RN B G s R R A, B SR 25d, SRATE Rl U S ME A B i BE R MS + 1.0 mg-L! 6-BA +0.1
mg- L IBA + 30 gL' BEME + 6.5 ¢ LV BilS, JEEREIL 87.5%; W&t R shii R m AMEIRIRCZEYIT, bR (g1 57
PP MNE RS, &K Jﬁnﬁtﬂﬁﬂiiﬂﬁﬁiﬁ%ﬁﬁ MS + 0.5 mg'L! 6-BA + 0.1 mg-L!' + 0.1 mg-L' IBA + 30 g-L- ik
+6.5 g L' Bitg, 4RfCEIH 25d, MERERE 6.2; KN ZEUI R, BeAh BRI SR b, IR B A AR
RF5%K 1/2 MS + 0.1 mg- L' IBA + 0.1 mg~L-1 TAA+30 gL jEMi+6.5 g L' Biflg, AMRi5S 30d, AR 97%. KER
HIEEIME G, B SIB IR A 0 0% E RN 111 AR AR, ARG S] 90% LU b, BE i A%, &
R AR AR R I 5 1] AR A P iiAs, E sl T LB .
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Tissue culture and rapid propagation of the fast-growing Ulmus pumila

SUN Hongying! 2>, XIN Quanwei?, LUO Hailing', MA Zhihui?, YAN Shaojuan’3

(1.National Engineering Research Center of Juncao, Fujian Agriculture and Forestry University, Fuzhou 350002; 2. Forestry College, Fujian
Agriculture and Forestry University, Fuzhou, 350002; 3. College of Resources and Environment, Fujian Agriculture and Forestry University, Fuzhou,
350002)

Abstract The semi-lignified branches of fast-growing Ulmus pumila were used as explants, and 75% alcohol and 0.1% HgCla
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 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
LT 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.

E2WB: EXAARFEES (31500265) ; 2017 ERERKAFE=MRFLAFHERMES [Supported by the
National Science Foundation of China (No. 31500265); Special Fund for Science and Technology Innovation of Fujian
Agriculture and Forestry University in 2017 (the third batch)],
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Hki (Ulmus pumila L) ZMEHE &M TR, 2R E G AENM, BAREENESH
LR (EFHESE, 2009) « AMEAR TEE. WEE K. SRk, EREE. ARKPE A,
TEMME FA2 T et EIED KR, K CREEAR AN LBl i R ) ZEW A 2 — (S, 19805 75
FF%, 2017) o EEAH -FEALATAEREES 15 m, mWEEAm - FAERKEEL 3 KEH (%
WIEEE, 2016) o MO AMESK, FRAEKEIE 3.5 ecm PLE, 6 FAMG TN 22 cm, &
KMfZ A 28 K CREIESE, 2016) o LSRN A MR 70E B R R IR RAE, 2450 B Fh &S AT
®H, FEES, oTFEHMEMIEE M EME . X A EE T, EEERBCON RGN, K AR
G R| B e SEA AM AR L, SR SR GEA TR, 2018) 5 FAMIF 6 Z 5,
AR AE AR AL B SR AR R 4%, RE AR ZER (RIJEESE, 2016) , (EAERIG YY), FARAER
N IEHERIE M AL TR A 7T, AR IRIE, EEESUAKT S EAEEE, H2IE
TEERAEF R SR, B, HE AR NS — R A8 AR ER CEFESE, 2009 o &5 BiR
W, AR RS SR MAEREF N EH AR, FFARIEE BN R A A AR R B R R, ShEM T
B A AR

1 TR 5 A&

1.1 K3 ar

I (Ulmus pumila L) K H RS WIS . AR TCR . MR ARAE N R B R, EHL
RN B8, K ERBULIIE SRR R SMERM RL, AR =
1.2 X%
1.2.1 5MEFRIES

KA BEF BRI 0.5 ~ 1.5 em, Bl o fIAR, ZERZK e 30 min, AR B RIE T
SMEARERTR 5, E3EE TES L, H 2 %MK EERINEBIZIE 2 min, FH 75 %R 402 30 s Al
50 s BEMBERE, HJE 0.1 %[0 HgCl W% 4. 8 Al 12 min , TR /KIFUE 4 ~ 5 3 5 FH G B e 4R W 25 A
IRRT KRSy, BNLEMTEH . SN 105 N2, EE =R RS [RVE 33 18] 7 K 3 RUR
Guitis PTG 2R
1.2.2 REhiES

KA 6 M a2 - T 2F %S (1) MS + 0.5 mg- L' 6-BA + 0.1 mg-L'IBA; (2) MS +0.5 mg-L"!
6-BA +0.2mg-L'IBA; (3)MS+0.5mgL!'6-BA+0.3mgL!'IBA; (4)MS+1.0mg-L'6-BA+0.1 mgL"!
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 %8s
FRHEIUNIN 30 g L BEREAD 6 g L' 3 lE, pH 5.8, BRNMAHELRR | ANAMEM, BANEE 750, EE 3K, B
Rk BRI (25+3) °C, HHRRTA] 12 h-d!, SGHESESE 3500 lux, 25d /5, WM AE KGN,
G SR B .
1.2.3 B{EEES

DL MS AR IR, KA Lo (3% IERRE BT, W 6-BA(0.1, 0.5, 1.0 mg- L)), IBA (0.1, 0.2,
0.3 mg-L") FAITIAA (0,0.1,02mgL") (R 1) . B 25d/E5HHHHE AL

F1 IR R AT %

Table 1 Factors and levels of proliferation medium

[X|# Factor
7KF Level — — —
6-"REEEIREIE 6-BA WE# KT MG T R IBA
1 0.1 0.1 0
2 0.5 0.2 0.1

3 1.0 0.3 0.2




INLDEEE A AR 2 2R R 5 R B0 3

1.2.4 £1RIEFR
KH Lo (3Y) IERRIG BN FRE (R 2) , FrTHMEEREEFRES 12 MS. 3/4 MS. MS, fi
FHE AR E N IBA (0.1,0.2,0.3 mg-L") FTIAA (0,0.1,0.2 mg L) o I AR 5% 5 A4 K A
Ay BRE 2 om LA EEART, » B HER R LR R T, 30 d FAH RN, HEARE.
2 AR IR % Uk P

Table 2 Factors and levels of rooting medium

o [X 3 Factor
/K Level

R34 Medium type 3| T % IBA WL Z 55 TAA
1 1/2MS 0.1 0
2 3/4MS 0.2 0.1
3 MS 0.3 0.2

1.2.5 RE B E

BARRE TR 30 d ISR B AR AT, ME 3 ~5d. ARG, ME2d, ©
HEATH R BOK ORI, PRUEM R R Te G AR, (R0 5 038 B AR IR 4t o K2 T MR
TEJEK R PE R TR, TR 5 %o M SRR ATV YE B 3 min, )5, A ESRAKERTE, BIRIB K
oA PR AR 1101 I, EROK, 30d EAM R RREGE R, FERREE =1 AL
IR IR E<100% .
1.3 HIEAE S5

AMEAR TG e Ze =15 Je N FUFEF DN B0x100 % 5 BE R=R0E BV E0<100% s BB R =22 B o
BB G O 22 B R < 100% ;s SE RE=1FF 5 A € F BB R MBS EG AR R AR A S
FA%x100% o

IR H SPASS16.0 F1 Excel K AF AT 401t 20 ¥ -

2 RIGLER

21 5MEREE

M 3 il LLE Y, E ] 75%REARS AT 0.1% HeCly ZL& % M AMER AT W A0 ER, [l T d )
6] R RE K75 e AR FRAG (P < 0.05) o Hidr, AbFE | N A, AF 6 WENRK, PN
AEFE B R AME AT R RE BB E ER (P < 0.05) o AT 6 VYR EAK, (H I 75 18] KX S8 A4 1) 455
BOR, AMERIBOERNE 65.7%. B, ZR& BRI MERITS SR M B0E 3, 3 5 (75%8HR 50
s +0.1% HgCl, 8 min) FAAEARMIAMEMIT G2, B FAMEARSIE R, N Ei A ME A #0224

I
= o
3 AN [ KT AL FRRT AL R R T AR A 5 )
Table 3 Effects of different sterilizing time on explant sterilization
T VSRS e /S (D REES
Number Treatment Inoculation Contamination rate Survival rate
number (%) (%)
1 75% Ethanol 30 s+0.1%HgCl, 4 min 105 32.3£7.02 63.0+6.2 2
2 75% Ethanol 30 s+0.1%HgCl, 8 min 105 24.0+£5.6® 68.3+7.8 %
3 75% Ethanol 30 s+0.1%HgCl, 12 min 105 26.3£5.52 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%HgCl, 12 min 105 14.3+4.0 65.7+6.8 %
2.2 BEhESR

WL 4 fos, HFREE(D. QM) EMAMERBCEF KSR, My, X=MEREAEGEA
M AMER KR SR TR BEIRAE(S)RI(6)VE T I IBCEF AR A KR, (EIEA ™ &, WA, Jf HAMER
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B @A H AR, R, XPAEEFREAE A AMMER I S B IR R (4) X AME A 1 JE Bl 3
B, HBCERCH, AR, vI0, BoEE aMAMEREIN (4) SEFRE, HAMEKRE 3 E N
87.5%, Tk S & I M AME AR JE B (1) 85 77 3 9(4) MS + 1.0 mg-L™! 6-BA + 0.1 mg-L™!' IBA.

%4 IR TR AR (1 SMRE (S B0 B0 R

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

Fi itk FEh 5 O A R IEEIES RN RN
Medium (mg-L") 1A% Number of Germination Starting rate Starting situation
sterile explants percentage (%)
(%)
(1)MS+6-BA 0.5+ 46 7 15.2 SFAERKENS, M55, KHEET Buds grow slow,
IBA 0.1 thin and weak
(2)MS+6-BA 0.5+ 51 14 275 oK, ZBUEE, K55 Buds grow slowly,
IBA 0.2 the stem thin and weak
(3)MS+6-BA 0.5+ 55 19 34.5 KM, FM, B, KA —HK Buds
IBA 0.3 grow in general, shoot elongation, stem thin
(4)MS+6-BA 1.0+ 48 42 87.5 AR, MR, RS, ZEBUEOH Buds
IBA 0.1 grow fast, blade extension, stem thick
(5)MS+6-BA 1.5+ 43 27 62.8 AR, M, EEEAEHRECR,
IBAO.1 45 il Buds grow fast, stem stout, base callus is
bigger, leaf curl
(6)MS+6-BA 2.0+ 53 30 56.6 R, HEEEAHAECR, EBUKEHR,
IBA 0.1 PEHEL™ H Buds grow fast, stem stout, base callus
is bigger, stem segment with particular shape,
vitrification
2.3 EER

YR BRI R I, MR SRR R T N F RS S R 5 9 N b
HAAFFEE R, $EREAE 1.5~6.5 2 0], iR S+ RESTERTH, 6-BATEAMIHEITFE
FYER SR, RAEAN 3.5; ZJRMKIE KT M IBA. MME 6 T ZES Il &, Ak EEd, g1
M0y 242K 6-BA XM R EGE i K, HFAH 171.438, 7£0.01 KA # R, HXNEsh& KT, H F{E
N 24.813, 1E 0.05 KPIERIEE . EKE IBA X AMSEKRBCEELW. . EIAARPGHEHAS
w4 SR R BN K, WME AR 6.2, KL, ik H AR T ARARE R I RS R IE N MS + 0.5
mg-L! 6-BA + 0.1 mg- L'+ 0.1 mg-L'IBA.

25 AN FR A KON R AR R
Table 5 Effects of different plant growth regulators on the proliferation of Ulmus pumila

K57 HE 4 5 Number 6-"FE I IERS 6-BA bﬁl?"]l"% ugl?ﬁl—@ 1418 & $U 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 22
4 0.5 0.1 0.1 6.2
5 0.5 0.2 0.2 5.4
6 0.5 0.3 0 4.5
7 1 0.1 0.2 55
8 1 0.2 0 3.5
9 1 0.3 0.1 3.6

K1 1.9 4.6 34
K2 5.4 35 3.8
K3 4.2 34 4.4
R 3.5 1.2 0.4
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RO IR A A ons A S A S (477 2 50

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

2P QU RE H ¥175 FfE PfH
Soullrceis of Sum of square Degree of freedom Mean square F value P value
variation
6-BA 18.287 2 9.143 171.438 0.006
KT 2.647 2 1.323 24813 0.039
IBA 1.520 2 0.760 14.250 0.066
%7 Error 0.107 2 0.053
S0 Sum 22.560 8
2.4 EIREEFR

M T ESEE, AR AR =AM RS, R ARMENEE, A KK IBAXH
MR AEMRBER IR 2, TAA BIEREUN, R 8 T ZEDHT vl Hl, B3R A (M 455 W7 AEAR 7
0.01 /KPR, H F1{A 847.459, fE=I&EH, X AWM HAREREEEH; AKEK IBA X HLA
BAAEARTE 0.05 KPR, HFERN 41.703; £KEK IAA XM AMAR HAERLEEZ L. Z456% 78
R 8MAER, BT AR5 W AEAR R S ERE #2855 9(7) 172 MS + 0.1 mg- L' IBA + 0.1 mg-L ' [AA,
AEREKIEF 97%.

KT ANFI R 20 AL R A AR A s
Table 7 Effects of different factors on the rooting rate of Ulmus pumila

IR T }5 975257 Medium type W5 TR 5k 2,18 AR
Medium code IBA T1AA Rooting rate (%)
] MS o1 0 355
) MS 02 0.05 29.5
3 MS 03 0.1 23.5
4 3/4MS 01 0.05 67.5
5 3/4MS 02 01 58.5
6 3/4MS 03 0 55.5
. 12MS 01 01 97
g 12MS 02 0 86
9 12MS 03 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 AR ZOR AR AL AR AR A SR ) T 22 0T

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

AR 5 SRR SR A ey F18 P1H
Sources of variation Sum of square Degree of Mean square F value P value
freedom
K724 Medium 5226.000 2 2 613.000 847.459 0.001

IBA 257.167 2 128.583 41.703 0.023
TIAA 1.167 2 0.583 0.189 0.841

%7 Error 6.167 2 3.083

SUFT Sum 5490.500 8

2.5 EREBR
B3k 30 diE4iit, AWM RRIERE 90% L . B3k 50 d £4, B4R H 47 R
K, HRREGE, WEEA K.
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3iFie

TR A TR A P B S B B A 0 L, B8 45 DR 1G58 BRI 0 B RH A A 2 2355 5% UUUY
Wb (S, 20100 o AR AR P R — ROV BN B AME R F UM, HERRCREE, 8
WENMHBAAGMEN, SR ERAMERRGRFE P, 2017) o ALK 75 %R 50 s +
0.1 % HgCly 8 min 4 &, IBFNBUFIHERCR . T8, WS BfmsMakiEE:, (60 2 M &L L
T B AT IECH &, i AL FE R4 G

TEM BRI E T, YA TRE B TRk P R ANER Y (B &8, SRESE) , 410
HE. ERKRRLHAGHEFRDE IS B EEMEN (RFHMEKGE, 2017) . RLE@EEHF AR
WEABERAS (6-BA, KT M IBA) Xf MG RE M FEm, b 6-BA X F i M A 285 352 Bk,
R BARBES St WA ZF, (HRERAEKEE, HEREUR: BSIKE 6-BA FSHIAEFHERS,
HER B, R AAE 6-BA TR E N 0.5 mg L' ARSLIGTE A M (A 2, Al 6-BA H
DU FIRGERE TR RS R — 8 (EHES, 2009) o ARSI SHNE T EYEENNEE, KK
JEfEBEAEAC, il A

TEEY PR B, FEFREE PRI — E R ER N AEKEA R T HFAEM  (Huang & Murashige,
1983) o AEKFK IBA X RIS B AERTE FRECR, BEERAEN 1/2 MS + 0.1 mg L' IBA + 0.1
mg L IAA, AEHREIE 97%. fEFIRIARGTR T, ASHbh MS KB A I, R i A AR -
BT, ATRARTEON ERE SR RAY, AR B ARG S, IR BITE SRR, A H AT AR
BE 7 o

gib, ARSZEREST 7 AREA B SRR R, Bk AR B R SR A T B BRI BOR
SCHE, R A REARE IR AR E T B RO TIR EIU Y A R
S 3k
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