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Abstract Plant micropropagation techniques include
bud cultures using apical or axillary buds, organogenesis
through callus culture or adventitious bud induction, and
somatic embryogenesis. In Korea Forest Research
Institute (KFRI), the first tissue culture trial in woody
plant was initiated from the bud culture of hybrid
poplars (Populus alba x P. glandulosa) in 1978. Since then
several mass propagation techniques have developed
from conifer and hardwood species, resulting in allowing
practical application to Poplars, Birches and some oak
species. In addition, useful micropropagation and genetic
resources conservation techniques were established in some
rare and endangered tree species including Abeliophyllum
distichum. Among various in vitro propagation techniques,
somatic embryogenesis is known to be the most efficient
plant regeneration system. Since the first somatic embryo
induction was reported in Tilia amurensis by KFRI in
1986, various protocols for direct or indirect somatic
embryogenesis systems have developed in conifer and
hardwood species including Larix leptolepis, Pinus rigida
x P. taeda F1, Kalopanax septemlobus and Liliodendron
tulipifera, etc. However, most of these technologies have
been developed using juvenile tissues, i.e. immature
zygotic embryos or mature embryos. Therefore it has been
difficult to directly application to tree breeding program
due to their unproven genetic background. Recently
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remarkable progresses and new approaches have been
achieved in mature tree somatic embryogenesis. In this
article we reviewed several micropropagation techniques,
which have been mainly developed by KFRI and recent
international progresses.
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Mol 3+A7} Ltk (Girl et al. 2004; Merkle and Dean 2000).

olel3 HHe FHY Yo FE T2 P4 7]
Fo] AHGET Gk olHT FANA 71&E SHY A
7Ha] 22|30 epistatic §H LIS AW S50 FHY
P& M 5 Ukt FHol ek (Pak 2002). A EE
Ao 9 YA )& AE A7 el AESE

[e)
=2 -
A SAT ANFS 7Hs oA ok A 109 @
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ol HEA 76T o] ARAETe A% voty  AYTSANL AUT 5o YY9ES GuoR:
ol o] A &E o] g o2t 7|eA WS Agd wjujy J&5uig Zsr el JFE Fol A¥ol A
A 530 BAS Rolt ABRF N2E HeTile  FHo ARG B 2T H o] Aol =
2 A8 &L Tk (Park et al. 1998; Merkle and Dean 2000, A AL3lo= o 20 Y= Ao R XA EATH (Kim
Sutton 2002; Girl et al. 2004; Merkle and Nairn 2005; Nehra et al. 1982b; Kim and Park 1987). 13| o] &gt A4 =
et al. 2005; Pijut et al. 2007, Harfouche et al. 2010). AujoF A= 19909 tff o] wm|=, it W HRAHE
U A&5F A4 (micropropagation) A= 19789 5 AL Aol A A A el HAYE o] 83 HEAYAL 7
BEUTRY HEug 2010 FAE )7 d2olA wo] dSIFY S5 Z2AH FEEHAARE HE
ok mpA AL f=ete] At AEh (FA dESE Sk J2E o AU (Sutton 2002).
A7)l H ATS ART Aol TAolW, 1980ERE 1] ZAULS 10809 ATe 2713E Azt
BAIA Y AgARo R A A7 AZEY. 2EYFRY 72 AFE EWE oY FollA S
Ao HAFA NSNS e FPdudtge]  z7o] A45E B9 g4 7140l ALEAT Kim
A o|FojHa, AEYsn, ey, FEgsw U et al. 1981, 1982b; Kang and Moon 2001). A=8| U5 5 &
FRYSRl BEHOT olRolAch FYAYLS YRR dopud, Ba) A5 &S £YT S
oA = A Aol A AA =dl AF =9 ZJWFA] 7)ol o] FAH A ofggo] 9l

9] 244 F9o} (Kim et al. 1981; Kim
et al. 1988). I P4+ 7HFatF 9
2 AJZFE QI (Kim et al. 1982a) 0] 3 &

AT U=
E5] AA ey
Abe) Ao 25 Eof

- L

(somatic embryogenesis) 7] < 7|4t o]
o] AFgdoe] gHAoz ShH At (Lee et al. 1986b;
Lee et al. 1987a, b; Lee et al. 1988; Lee et al. 1989; Kwon et
al. 1990; Youn et al. 1992a; Moon et al. 1994; Lee et al. 1995;
Park et al. 1998; Kim and Moon 2005; Kim et al. 2006; Kim
and Moon 2007a, b).

Hrolde L Fet ol A HaEE A eF o nlA
A 71 FHAE IS A R E YEe S
= sk, olef B H ZAH 9 o & 48] fIgt
" E3] AFHS) (phase change) 53} 22 2 71A] W
= skt B3 A 71U vAlFA 71s
AP EEE fof Aol Ik HE AR
< & o] wof Aol Wt Fagt ARE AFotazt
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© AUFFY Aokl ot gAY 7HsAdo] A
AlE o™ (Lee et al. 1985; Moon et al. 1987; Hyun et al.
1991; Moon et al. 1991b; Moon et al. 1993a, b; Moon et al.
19970), WP, AASUE 5 AAURRe] GRi
22 44mo) o740l AYEel +Y Lo A
9] 7|¥kS ZAISF T} (Hong et al. 1986; Lee et al. 1986a;
Lee et al. 1990; Moon et al. 1991a; Kwon et al. 1992; Kwon
et al. 1994; Moon and Moon 1999). o] 2]3t &H49] 23]
vl oFof &= 1980 Lloyd2} McCown (1980)0] 7§43t WPM
(Woody Plant Medium) v} X & F &2 231 it} ojdHto| =
U5 (Youn et al. 1988; Youn et al. 1989; Youn and Ohba
1990), E9| U5 (Youn et al. 1992b) 5ol 4] 7|Ujulj o 7] &
of =] 7|W tFF4 Y 7Ivke =45k, 3
4 EEYN Y BE W FAVERE fE85HA 2
A 4 ATk (Lee et al. 1995). AbH A5 3Hkof A= 2
vl S U5 (Lee et al. 1987a), A7) Ur2] (Moon et al. 1997b),
slo] 2 LbE (Moon et al. 2002a; Kang et al. 2003), o] A L}5-
(Moon et al. 1999), 7]} 5 (Youn et al. 1992a) 59| =~
oA opufete FoF A&A QA HEA4 7ss ANESel
o, E3| WYL 29~50 A o] Wolx S o] &3t
Foz ARBa 7l SA40l 7HedE HojFdth
HH T Rel e fASTE o 74 o] K
A 7]EY AR W oRE S KAl
of 2 ¢ Lof thgt et A ufeko] AlAE Tt &
ARSE o] &2 "R TR U R (Lee et al. 1988; Kwon et
al. 1990), T35 (Lee et al. 1986¢; Moon et al. 1994), <
ME (Lee et al. 1989) 59 GA49F WxI 5 (Son et
al. 1995), AFAFLFEE (Moon et al. 1990), u}7}= (Moon 1993)
5o] Bg4 24w 7 go] A 4 otk BE
O] Z 28] 9%F2 Driver?} Kuniyuki (1984)0] oJ3) 7j4dt=l
DKWehs Wjx7} %2 20]1 /g 458 dutdoz
WPM 5.2 MS (Murashige and Skoog 1962) H} X & A}-&-35}
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ot Ly olgjdt B2 Aftol®E Etstal F8% f+  OM{ (Bud culture)
Aol it 2AHjfe 29Uy 5 & F F oldddle
Agssli=g o A3 o]y gol Q= Ao yepygry e MG TP EAA o R Agohe 24
1990 ] 0] 0] ZAHjOFS HurEo thatow 3t 7w i (bud), 53] Hohf Axx| o} PopS ARG 2
9235} (rejuvenation), 37 @ @R ol wia w z o ZIWHY Ave F2 AXENIE S T Yol
AZW Gu] o fFFAe] FHe Fu AgEgey  SUSHEAL o, 7]E] SAe] el i 5
(Kwon et al. 1992, 1994, Moon et al. 1997b; Moon et al. 1999; Foju, Adrtse] 4l 9lo] N E 5o Yo
Moon et al. 2006). A} 8He grzo] whe g g g AFESE 2K vl opuiE T2 ol g B
E Lo gan MBS E5t wolxn] SR Ea) Ay oraolt EHIAoket 22 A 24l glojd= A
L BAAmle =2 opue Flso] Aasgr, NS JPuAd) dF Fedel 4N R
2 A9HR ek 53] R2ES 2Tk opufg F4)
7o) HEACE AGH Yk TR TSU|A
Table 1 Micropropagation via various organ or tissue culture at KFRI
Year Species Explant” Result Reference
1981 Hybrid poplar ABS Plantlet production Kim et al.
1982a Hybrid pine ZE Plantlet production Kim et al.
1982b Poplar ABS Plantlet production Kim et al.
1985 Paulownia tomentosa ABS Plantlet formation Lee
Quercus acutissima ABS Shoot formation/rooting Lee et al.
1986 Betula costata ABA Plantlet formation Hong et al
1986b Juglans sinensis ABS Shoot formation/rooting Lee et al.
1986¢ Zizyphus jujuba var. inermis ABS Shoot formation/rooting Lee et al.
1987b Actinidia arguta ABA Shoot formation Lee et al.
1987 Quercus acutissima ABS Shoot proliferation/rooting Moon et al.
1988 Populus davidiana ABA Shoot formation/rooting Noh et al.
Tilia cordata ABA Shoot formation/rooting Youn et al.
1989 Tilia cordata ABS Shoot formation/rooting Youn et al.
Vitis amurensis ABA Shoot proliferation/rooting Lee et al.
1990 Tilia cordata ABA Plant production/clonal effect Youn and Ohba
1990 Juglans sinensis ABS Rooting Kwon et al.
Betula davurica ABA Artificial seed Lee et al.
Crataegus pinnatifida ABA Shoot proliferation/rooting Moon et al.
1991 Quercus acutissima ABA Plantlet formation Hyun et al.
1991b ” ABS Shoot proliferation Moon et al.
1991a Betula platyphylla ABA Shoot proliferation Moon et al.
1992 Machilus thunbergii St Plantlet formation Kim and Kang
Betula schmidtii ABA Plant production Kwon et al.
1993 Sorbus commixta ABA Shoot proliferation Moon
1993a,b  Quercus acutissima St Shoot proliferation Moon et al.
1994 Betula costata ABA Plant production Kwon et al.
1995 Zanthoxylum pipertum ABA Shoot proliferation/acclimation Son et al.
1997 Quercus acutissima ZE Proliferation/rooting Kim et al.
1997a ” ABA/ABS ” Moon et al.
2001 Populus euphratica IP ” Kang and Moon
1999 Betula davurica ABA ” Moon and Moon
2002b Kalopanx pictus ABS ” Moon et al.
2003 Eucalyptus pellita ” Shoot proliferation/acclimation Moon et al.
Corylopsis gotoana var. coreana ABS ” Moon et al.
2004 Stewartia koreana ZE Adventitious shoots formation Son et al.
2006 Eucalyptus pellita St LED effect on growth Kim and Moon
2008b Salix pseudolasiogyne Nd Plant production Park et al.
2010 Castanea crenata ZE/ABS Growth enhancement Park et al.

*ABS-axillary bud of seedling, ABA-axillary bud of adult tree, St-shoot, Nd-node, IP-In vitro plantlets, ZE-zygotic embryo
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1 rH Yol = E?'Ol'j i
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AHIRRE 448 s A
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45 gz
Kim and Moon 2005), W &4 —’,‘—
94 o}HHOt cu Hx%o} TrE%
1997; Cheong and Moon 1999) Jd8)3 LFUFY Ao}
FEE 3% 247]eS &3 % ) (Bergmann and Moon
1997). S 5171 9 WESIS] ~Ee] A uors Eo)
AU (Moon et al. 1997b), A7 U 2], ©HE (Lee et
al. 1995), u] U5 (Moon et al. 1999) 5o A HEAYALS
B9 AR B0 e HojFtt (Table 2).

o =

stol,
1 1992)7} Zehef x o

Y3}l (Lee et al. 1987b;
fzeter 250

o]
o v
Z3t =4] (Cheong et al.

E
mlo
2 J‘.?l &

A= U5 (Quercus acutissima)

FH 2 S5 o dopufekS Sot 7S A
Aldstglnt 57EA] B A] 7he-E] WPM EfA]of A &7] &
3t 2 AAo] 7H Fsskglnt. MME?PH_ o A= 3.0
mg/L zeatinof| A &7] B3+ 9 A G397} Qo diA

E BA A7t dH = 9 Ao FASHUT BA}
zeatin LA 2|7F 24 L Aol B AYA BIE HY
o, AAsE+= 0.5 mg/L BA, 0.05-1.0 mg/L zeatino] ] T}.
7122 1/2 GD iA] (Greshoffand Doy 1972))o]| 0.5 mg/L
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c} (Moon et al. 1997a).
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W
S

<z
::mg

SR 58S YRE skl Fd
A 7S AFsto] Hopujoks AAEHTE 42 DKW
el A ks, £719 FAolle ool A
Aol= HopujeFo] F3 oA ettt W2 IBAK T
NAA7Z} E3180]9) 2w, 1/2 DKW Bj Ao 1.0 mg/L NAA
A& 80% W= ek 7IWSA H E7]E 745
FHoRe autHo g wilro] EugUR 559
7IWS Aol 7He e K o]3= 3t} (Moon and Moon 1999).

U (Betula davurica Pall.)
=

2 U5 (Kalopanax septemlobus)

284 SubRe] ofotujorg B Wl B Kol £
gy w72 AR Qo) e MS WA, o
ol RO WPM HjX| o) A k& 5} I kinetin A 2] 2
AeE7} sstgon 2E @ 23709 717 $E
Ho] ZAR RS ARFAh 24 27 7| AR
o2 60%7FA] HtE Tt (Moon et al. 2002b).

24

iu)

SZ- 2| V5 (Eucalyptus pellita)
SzbE] o] AN HE Hol vjokS DKW, 12 MS W WPM Hj#|
O] AHg o7 Z7]|F54 0] Thest AL R YEYTH 1%

Table 2 Micropropagation for rare and endangered woody species at KFRI
Year Species Explant* Result Reference
1987a Lagerstroemia indica AB Shoot proliferation/rooting Lee et al.
1992a Berchemia berchemiaefolia AB Shoot proliferation/rooting Youn et al.
1995 Forsythia koreana AB Shoot proliferation Lee et al.
Salix hallaisanesis

1996 Melia azedarach var. japonica ImZE Somatic embryogenesis Moon and Kim
1997b Forsythia saxatilis AB Shoot proliferation/plantlet production Moon et al.
1999 Abeliophyllum distichum AB Shoot proliferation/acclimatization Moon et al.
2002a Corylopsis gotoana var. coreana AB Shoot proliferation/acclimatization Moon et al.
2003 Albizia kalkora IR Adventive shoot induction Park et al.
2004 Stewartia koreana ImZE Adventive shoot induction Son et al.
2006 Oplopanax elatus ImZE Somatic embryogenesis/plantlet production =~ Moon et al.
2008 Echinosphora koreensis AB Plantlet production Moon et al.
2010 Empetrum nigrum 1P Shoot proliferation Han et al.

*AB-axillary bud, IP-in vitro plantlet, IR-in vitro root, ImZE-immature zygotic embryo
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DKW s 2jo] 4] SESE 2 Aol Faste] &
WEAe ARuAZ A4 5 At F4E 279
91O 02 mgll @ 0.5 mg/ll NAA SEo0 A 100% 2t
9, 591 02 gl A2 §2 Yol ek w2w
= AER o|Asto 357 =3 T 100% 2=, FY
SFal Wl A w27 *E%*OP?&EEW 270 Fofl= HAL 40
cm oJAFo g AIASEY T (Moon et al. 2003; Park et al.
2005, 2008a).

AN Y] (Forsythia saxatilis)
o 344 Ajue] Alzelol BAL 2% Kol EA|Y
(BA, Kinetin, Zeatin)o] 3§+ ¥ MS uj x| vjoFslo] 1
SEY SARNE ZAAT. £7] 4L A ESY
TR &2 v At FolehA ko zeatin A
ZA E7] W o] o] Azl ISl Kinetin A 2] A
= &7 A @ 7 BE A of A] ‘:”'—ELO] SERSE ey
H o]AF AuFE 53] AAF o2

o Hselota, e 7 ) ol ekl 44

u| A U5 (dbeliophyllum distichum)
AzA Hobs oz MS iAo Al F79 #olE7]
de At $42 Algstit. &7]+5= BAVE &
HAo s Uetyta, B4 zeatin A7t Faskgith
Kinetine 7%= (2.0 ¥ 5.0 mg/L)oA S a7
Oy 71 3= BA, zeatino] H] 3| A 25} Zug =
7] 12 DBM2 x| IBA M2 7}53l9 1, o2At
Eof o]4]ste] 100% AU YL e
OVU Atz o Aduyrof Hopu e F3 7IWS4] 7
54& HojFth (Moon et al. 1999).

—

%

—|—‘

3] o] 2] (Corylopsis gotoana var. coreana)

144 9 10dA) dolE AHOoZ MSHjR] o 0.5~3.0 mg/L
zeatin, 0.2 mg/L BA A& £7]F4]0] Fs5t4ct 1HA
ol 10 3R AutA oz FA gl Ao FEsiglon,
et 6 A9 Folt 10 AAOIAE o) 38l o) F40] 7}
sholeh. ZIuare 1 97%, 1044 2% LERy 3]
, EOFolAl Al 1HAY v H = 67%, 1002 48% A&
dlo] H4Ho| w2 2}o]E YEFHATE (Moon et al. 2002a).

R

{0

A UV (Albizia kalkora)

71y o}l 3 10Uo] At G EdHOE ANXRE &
Esto] 7IWSA AAE ﬂa sl4dth. Thidiazuron (TDZ)
0~45 UMI} NAA, 2.4-D S0] A 75 BS v | o] 4] v} oF 85
560~93%2] AHo| A Al 27t @A ek ey 29, 3}
Wi, o 59 AEA o A= e 22 of Bl Alx P40l
o - A 28} Qi ek TDZ A el A| o Al -2 Al 2= 144 1

M GA;0] 471 s | ol A 57.5%7} 4] &3 &2 s, A
F2AA FA 2w Ao A o] A Fe = A
3} ch (Park et al. 2003).

A 20| (Empetrum nigrum var. japonicum)

dfof npt} & dH o2 MS 5l WPM Hj x| BAE A 2J3}
of 7] = % ol mA= WA s2EY s
Z AT A S == zeatino] BAR T thA G314 Q)
HlhH Z7) A o= BAV} zeatin® o} F3 3 Ao 2 1bEr
woh FA4E719] 7TWE S 12 MS s 2] ek WPM Hj
A7t AR 5.0 mgL IBA A A] 53% 7bA] FL
Atk AZHE AFHSEANA 93% ol FAEHUG
(Han et al. 2010).

ol golA] HelE W A AESEe ol /1&L
LA Y FASBOE A4S 4 9SS HolFn
Stk T Be A AaEel AUl 4449 3
S8 EHOE A3 AW of YA BED glon

(McCown 2000), =l k)74 o] A]

S AAA, H=4 e EH], st A4, 9] of
et T 01]*1 J% of ZAolE Hol= A=
o ue Q) wkz el 443
g, BEY L =

Qlt} (Kitaya et

2

U
_E
b
FLJ
FTF

£
il
rt[',
o]o
N
1o =
i)

& FAAE dote AEol =Ush] feiMe WA
FFo] Aot AA o] A= ofoF et 78 74
Ao A AE FAeE A WE 7Lt A
Ao dEFoA FAHTo] F2 2E [ T
o] o]FojA olfr HAT: Y +F L2
AAZE A Fok7] tzolot. A Thekdof
Az ol #FollA AM =z F4& ST A=A A4
ZI¥io] B EIL glof he 2= o] Foko| FHHH
TF7F 71 g a7 e E A gl Aok R S

Q A}= Table 31} Zch
MM ZHIEPY (Somatic embryogenesis)

190K chofl Sole} BB HY BASE 2K
¥ 7e2 AAMz] FEE 53 F4lolth (Gupta et al.
1991). AHFE= 19859 SU7HEH] oA, EHa+= 1965
d Sandalwoodof| A #]2 WFEE| T} (Reviewed by Rao et
al. 2000). A T}a} o] A A 2 alakof A= 1986
W SR o) Boro 2 AN TS HE fEs
o, tgafo= LT AEAE 4& 4 AU (Kim
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Table 3 Micropropagation via adventitious bud induction from tissue or callus at KFRI

Year Species Explant* Result Reference
1987 Pinus densiflora AB Shoot proliferation Kim and Park
1999 Populus euphratica 1P Shoot proliferation Cheong and Moon
2001 Populus euramericana IP Plant regeneration Kang and Moon
2005 Hybrid kiwi SC Plant regeneration Kim and Moon
2005b Eucalyptus pellita IL/IR Adventive shoot induction Kim et al
2006 " IL/Hy Adventive shoot induction Kim et al
2007b Hybrid kiwi IL Plantlet regeneration Kim and Moon
2008b Salix pseudolasiogyne Nd Shoot proliferation, rejuvenation Park et al.
2008a Eucalyptus pellita 1P Shoot proliferation Park et al
2010 Eucalyptus pellita Nd Bioreactor culture Kim et al.

*AB-axillary bud, Hy-hypocotyl, IL-In vitro leaf, IP-In vitro plantlet, IR-In vitro root, Nd-node, SC-suspension cells

Table 4 A review of micropropagation via somatic embryogenesis at KFRI

Year Species Explant* Result Reference

1986 Tilia amurensis SE Somatic embryo induction Kim et al.

1988 Juglans regia ImZE Somatic embryo induction/plant regeneration Lee et al.

1991 Hibiscus syriacus FOs " Lee et al.

1992a Quercus acutissima mZE ” Kim et al.

1992b Hibiscus syriacus mZE Somatic embryo induction Kim et al.

1994 Q. acutissima ImZE Somatic embryo induction/plant regeneration Kim et al.
Zizyphus jujuba ImZE ” Moon et al.

1995b Quercus variabilis ImZE Somatic embryo induction Kim et al.

1996 Melia azedarach var. japonica ImZE Somatic embryo induction/plant regeneration Moon and Kim

1996 Tilia mandshurica ImZE Somatic embryo induction/plant regeneration Moon and Youn

1997 Q. acutissima ImZE ” Kim et al.

1998 Aralia elata WB ” Moon et al.

1999 Larix leptolepis ImZE ” Kim et al.

1999 Aralia elata WB " Moon and Youn

2003 Liriodendron tulipifera ImZE ” Lee et al.

2005a Aralia elata Pt/L ” Kim et al.

2005 Eleutherococcus koreanum IR ” Park et al.
Kalopanax pictus ImZE ” Moon et al.
Liriodendron tulipifera ImZE Somatic embryo induction Son et al.

2006 Zyzyphus jujuba ImZE Somatic embryo induction/plant regeneration Kim et al.

2006 Oplopanax elatus ImZE ” Moon et al.

2007a Pinus rigida % P. taeda ImZE ” Kim and Moon

2007¢ Larix leptolepis ImZE ” Kim and Moon

2007 Magnolia abovata ImZE ” Kim et al.

2008 Picea koraiensis ImZE ” Li et al.

2010 Pinus contorta ImZE/WB ” Park et al.
Liriodendron tulipifera SE Bioreactor culture An et al.

*AB-axillary bud, FOs-floral organs, IR-in vitro root, ImZE-immature zygotic embryo, mZE-mature zygotic embryo, L-leaf, Pt-petiole,

SE-somatic embryo, WB-winter bud

et al. 1986; Kim et al. 1988). T FUH = <& a2
A Z] ] =9} vrolE A F 5 o ATH Al E
AR BT} (Lee et al. 1988). 1Lt F-F3}2] A <)
3}A} (filament) 2E2E] A ZH S GE5Fe] AT
A 7R ATt (Lee et al. 1991; Kim et al. 1992, 1995).

FrE U] Asils dHoE BAY IBAS A
S, WPM Hj 2| o] A] AN ZH|E Q=519 on, BAV}

L
-
freae)
=1
Al
2

1=
=
3 4
M

rsﬂ

el WPM W x| ol 4] ol 5 @ Be E
7

"R 24

E
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Fig. 1 Plant production via somatic embryogenesis (SE) from
various tree species at KFRI [A. Direct SEs formation from
zygotic embryo of Eleutherococcus divaricatus var. chiisanensis;
B-D. Globular (B), torpedo (C) and conversion stage (D) of SEs
in Tilia amurensis; E-F. Synchronized SEs by sieving in Aralia
elata; G-J. Attificial seeds using SEs (G), plantlet conversion
(H) and acclimatization (I and J) in Kalopanax septemlobus; K.
Emblings of Aralia elata]
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Q55 U5 (thornless Aralia elata)
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Ay 4= U5 (Quercus acutissima)
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Fig. 2 Growth performance of several tree species produced
via micropropagation at KFRI (A. 5-yr-old yellow poplar
emblings; B. 9-yr-old hybrid pine emblings; C. 8-month-old
thornless Aralia elata emblings; D. 20-yr-old hybrid poplar
produced via axillary buds; E. 15-yr-old Pinus densiflora
produced via mature zygotic embryos; F. 15-yr-old Quercus
acutissima produced via axillary buds; G. 5-yr-old Magnolia
abovata emblings)
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2#H3} (Phase change)
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