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Research paper

Propagation and Growth of Amentotaxus formosana

by Stem Cutting, Air-Layering, and Seeds

Jeng-Der Chung,”  Ching-Te Chien,” Chien-Fan Chen,”
Cheng-Fong Chen,”  Tzer-Tong Lin”

[ Summary ]

Amentotaxus formosana Li is endemic to southern Taiwan. Due to a small limited population,
this species had been conserved and protected. Seeds of 4. formosana in its natural habitat are very
few, and natural generation by sprouting from basal stems was investigated. In this paper, stem
cutting and air layering techniques were used for vegetative propagation, and the growth of rooted
cuttings and air-layered twigs was measured. Further, seeds collected from air-layered plants were
germinated, and seedling growth was measured. A suitable time for stem cutting of 4. formosana
was in October and November when bud dormancy began, and rooting percentages from 61 moth-
er trees were 13~100% within 6 mo. In 11 trees selected from 13-yr-old stem-cut trees and used
for air-layering treatment, rooting percentages increased in late March when tree sap began to flow
and further increased to high percentages of 89~100% in mid-July. There were great differences in
rooting percentages among mother trees treated with stem cutting and air-layering. Rooted cuttings
did not grow well, and > 90% died after 2 yr of cultivation in a nursery, but rooted small trees from
air-layering grew well, and the survival percentage was 82% after 4.5 yr of cultivation, while the
survival percentage of seedlings from seeds was 57.9% after 1.6 yr of cultivation. Air-layered root-
ed twigs of A. formosana were planted in pods, and bud differentiation was induced in June; the
flowering percentage in all the planted trees was about 40%. However, the number of male flowers
per tree ranged 1.5~5.0 and that of female flowers was 1.0~10.8. Further, by hand pollination, the
maximum number of filled seeds per tree was 2.7 seeds. Rooted cuttings grew slowly, and the an-
nual average height was < 5 cm, while the annual average height of seedlings from seeds was 7.3
cm. However, the annual average height of rooted air-layer trees exceeded 10 cm due to budding
twice a year: vegetative buds first followed by reproductive buds.

Key words: Amentotaxus formosana Li, flowering, growth, air-layering, seedling, stem cutting.
Chung JD, Chien CT, Chen CF, Chen CF, Lin TT. 2019. Propagation and growth of Amentotaxus
Jformosana by stem cutting, air-layering, and seeds. Taiwan J For Sci 34(3):155-68.

e
GIETETERZ (Amentotaxus formosana Li.)Fy Moo - e EA3E o K REpEEL
$LE 2R Taxaceae)FEE - HEEREHE (A. argotaenia) EVEFGHETEAZ(A. yunnanensis) i

IR GRER A B fiskks - ITEE R T E S PR A B B e G R B R R 5
FAT996 AR IBIUCN Y AR B S5 3y s B i s B f&fd (Kramer and Green 1990, Hsieh et al.



GIEFRSERIE 34(3): 155-68, 2019

1994) - BEFEAZ 8 A =T 25 4 51) o o f A1 A6
HRHEGVBEREZ EBEM - I AL
SARHER (Torreya) BlAg B FR 42T (Chaw et
al. 1995) » H FASERS T T P15 Bl Al 155 B R
Fo AL (Huang 2001) « {87 R RHRE - 1M
=R EH(Cephalotaxaceae)FH HE & 2 B 5 K 1BE
(Cephalotaxus wilsoniana Hay.)El 5 EFIEAZ
B A EGE (Chaw et al. 1995)  GETE/CHZ 2
SR G E R AR E - R RSV =R1924
FAEGRRKEIEHRO1S mERRGEEA - Hil
TBAETT 53 B T A W3 - 43 Bl R K ELJJ 1L ~ iR
kg~ RlG @A REE - Rl
BB EE [ ](Chang 1992, Yang 1996, Yeh 2004) »
BEEECEREMNTAFIRE &R
#&12(Yang et al. 2008) - FEFEFE AL 97
FHLAER03220.11 em » fEEERAZEMA T4
Rtng - LB i KB+ #2K 5 e B (Lin et al.
2007) = 2013431 A b AR B E FAERZ IR
B BHL—HRBIE52 om » FY1505F 4 » {HEHE
6 m (FRFEARTRER) - GEBEIEAZIEREE
{EHRF42 » Wang et al. (1996)lisozymeEilrandom
amplified polymorphic DNA (RAPD)%rF12:0
SAT - BEMEREEEEE o Wu (1992)7745
R E R AEAZ TR PO Y A SR - JE AR
10.76% - Ge et al. (2005)F] FHISSREFALS> 17 1
etz B 3TEREAEAZ » 7R 2 B0 AE 6] A1 78 13 15 52
& - BETEICAZ AR A RE - B E R
PRI A 22 Bl 3T A2 e 5 R R AR R
BEIRIAZ i By TR G TB A S Y B 22K+ (Schaal
1980, Loveless and Hamrick 1984) » 1 £ K% i
T SRRy B 7 (% - NEES B 5 % B e R
53 {LREE (Krauss 1994) -
BETEIE R R ST I - /)
B FE L BE ST - BB RE TGS - (B
DB R RE SRS 1+ T L B R T AE R IR
TF o Al R R BRR TR - L B R R
S TERE - BRI N #FERE T (Yang
et al. 2008) - i 5 5B by B AR MOl % S I
1182 245 7 /7 (Salk and McMahon 2011) » &
BRI AT R NERE RS -
BREREE A AR i BE T - (HBETER IR B %

<

157

FIRA - BER S ETIEZIER SR » 168
#H IEH (Hsu 2008) » {HEREERE A FIERNEF]
FRATHERR PR AL - 76 RBRR R FH = 00 H 2%
BET » G R ERKHHEE AL -
AR ST REE LAY 2 SRS -

GEEAE RE N EEY - BT
A N ARRETE - BT RF N
Z16fE ALl L - A R4 B (R IR (f5 B2 A0
HIRTERBRER) - GEBIEEETAES
G - SREAMETEHERNERE - KILEE
FeATHENVE BT - MRS HPEAE S LEA G A
T o RIERGETCEE T - Y DU CRE
ARG GG » (HRAEK I (Chung et al.
2016) o [RIL » AKHSE R HIFT i B =g R i 5 oy L
ST BT E B33k © Chen (2006)/2 1 H HA]ER
SLHEPITHAEAZ A - DIABT1IA R (R E30%
515k 2. % (indoleacetic acid, IAA)BH209% 25 2.
(naphthaleneacetic acid, NAA) 200 ppmizifg2 h -
FHRRWR » 7T H %I BRET 1% « M
RZEFEAREBMIT R GE LY - R
PREERI R T R fek » FEREBEEE60 ppmig[Ig T g
(indole-3-butyric acid, IBA)J140 ppm NAA » #
BRANERERK L G BBG=2:1:1>
A0 KRB B K 546.7% (TFB 2004) - Wu
(1992) B REAEAZ i Rl R P AR A IB A B S
BT « AR BB R B - BRI B
ARG E R - K& 5 RE 4T
BB HRRANAER - SREH N2 REFH
B SRR KRR A B - REIRT
PRIERSTE T » RIELA I SER R EAS 5 B
TEEB A » IR S B A LB E -

BETEEAZEE A H AR REF] i
TFIEFIEAT » ARWFSEH TR BRET T 4 B 51 B
MBI T - DA T R A R - T
K HH A TE 7% 35 i P B PR I 428+ R R RENIEA
DIt 30T R —4C -

M¥ R T A

— ~ B R
BEEeZ B Rk B R EE L AR



158

AMFIR BRI R - Horp H AR B K
BELL23 %k » AHRER L3P - RE261k 5 GlBE R e
R B FR R 1999 - NI LEYIE B
EREICAT i - P E ARE®ARB132
152~ 173 ~ 213 ~ 240 ~ UNZ6FE » BFUEHARA A
HEB136 ~ 154 ~ 155~ 171 ~ DO76ZE58k »

= s

(—) BB B3k

B - A IRARI 2 BEA - PREEE K
LB A M3 T St RE A BE A 2 A - 33648k
171 24 2 TBURE BR A B K 2 64k REA 5L H0HE A% -
R BB RE A B S R B » TEROR I
3ok R AR A R ILIS00SZ FfE - KM 760
SRR MEET 12600 HERE - SEE R BRI AL
35+23.1 (X£SD » FIMH + EHE(R 22 SRl -
B 26 R R 2723 4R » SEE R RHE IS
10.5+3. 77 fdfg -

BT - BUE0~15 em BT 4ERE - (2
PRESTEEAR BT - YIRS AR %1100 ppm
IBA » RHE BB NIRRT Ea B
AL 1 DAVET - BEREIEYER
= EREKF LR o B RE R F2012
FHRI3 IR E 5 18.7°C » 10 HYFER
BER24.1°C » 20134E11H21.2°C » k3 HEFE
WER AR - 2 BRI T+ 17710 F BRAG I
AT RE

() $T el ] B S AR A
BEREEEE RN LEEREF 3
HHR TN A RER 110 3 A 23158 i B
ARIRIA o AEABRR 201243 H i EjR110 H 4] B
20134 11 H 43 Bt » AGABR TR R 11 emilR
e AE AR - DA RER B AR SR bR DU H F R
B R BT B RR - S BRGH R g
e BRET SRR A EEERE 7
of ERB A AE ORI R IR R B B AR 1B T - LIS ASHK
BT HER &R ET 20 A - B ] — i A A =
(general linear model, GLM)fE X E /NI H
V-151H (least-squares means) » one-way analysis

HREE B =B TR T

of variance (ANOVA)ZHT#EfTLELIE » F5RE
HFEZR(p < 0.05) » DU/ NHEE 722 SR e
(least significant difference (LSD) test) » fi7E
PRI SIE S

=~ =R (air-layering) 3 B

Fo v g LAE Y R i YR - 21998
LR R T RELR U st 5 BB R0
HETTHFHE B - 1999 KT B AR P AR HR A A
R YIEE » ARFEMRITER L X 1 m(PRRIHE R B %
BER) o 20124E AN L 1 3R A 4T 4 0 1 LR RER 28
BR - BEAI~2 m e RRER1.2420.4 cm »
1T R B BT e+ PR AN (] R P B [ 1) At
AR AR 22 5 - 1E20124E3 H28 H
f5 - DUREIRR2 18 2 B s B pE B — 2K - F7H 18H
1k HEEFEOR - N ERERREASE - 3
B RIS~ S AL Pk R B B MR BRI 32 14
Refi o ABRERET IR AT RIR IS
] LA [ RS o e R A B B AR R - ARS8 ey B B
TR - LIS ASERESHETT AH B & RHIR ET 4347
156 FH — s P A = (GLM) R A T R /N TG
M > two-way ANOVAZMHTHEST ELR - $R3S A
AR B B R M L L BN - 45
FEEEFEZF(p < 0.05) » DUt/ NI 2 B
BE(LSD test) » tgE VI HA R -

i R PR 71 RIUR AR B (b B ER 4]
BREE - BB TS DU N T B YTHR0.8 cm
HA/NMI R - FUUKEEEBRA®R GO - K
FRE B AT e A K R o FR SR K Bk B 2 B
PR AGRRE » KEREBR T3S X32 em BT
B R RE » W LB RE AR o SRR
B RAE R K B R - BB
SR ARG - FEAE R R B HGEE - N ASEHR IR
T ES  BERAEEREILL 1 DAYE R
R A RELT -

VY~ R i B B ACAE PR A TE 2 B e R FE 2
WA
BETEACA R MEIE PR - iR LAY 1999
FRAEATH S B 1 R REFIAEASE - AWTSE R
BCTH PR T o RS ERIR R B B P A K B



GIEFRSERIE 34(3): 155-68, 2019

R o WIRIERGIR R R p B ] DARE AL ZF o0 b - 1o
TR B e IR B AR v M R B AR BAAE 5 Hor R
{e(male cone) N ITHYE2 HHIFERR - (HZEEF
TE2H N AIRERL - HERRAERE IR N TE A AR
PEREZERF /3L - [EIERRAE(female cone) A3 H
o b R SE 2 AT AT 3L - ERRAE R B AIR AL
SIS - WERRRIBEZ 8 27 A R A R (B IR T
RBRER) - AT =Bk
TEAF B R AE 2R WO - SRSE B EGT
LIS A SR ES T AHR R 04T - BEA — A
AL A (GLM) R A G R/ Mg J5 89 1ME
one-way ANOVAZPTHETT LU - PLBEEZF Bl it
e BR - HRERERE 2R (p < 0.05) > F

DUt/ NBRRE 722 AL RIBE(LSD test) - g pa 2
VIEAER -

T~ FF 4 TR R B B AR R PR

o0 B B A R AR WK - E AR Y
W8 1 DT BRTR 4R B2 i B 1T 7 2 S e BR T2
B MRS - R Efe R L A - R HERRAE
B4 CREm A % - 3 TRIEAH B4 -
MR AEIR L I KD IR - DL SE R A ERD
REIBH T L - MRS ER 2 RS REAE
B2~3K > HEAHE USRS A T
¥y o BT YRREEA~6 A E RO R A R
RFERIS > RBRAL G BRE K7 - 1 P ARSI 1L
i B 618 F 1S “C AR Ik fg R iR 23 8 H (2% Chien
et al. 1995, 1998) » HUHF&FA258115°C % 12/\F
B RAR AR R A - W HE IR - T
BT R R B T R e B A R AL
IERE

fi& 2R

— TR

FEZF RHR IR 1O 04T #7 - RO R B IR 2
TERGEE3~S HH - Figure TABUR - K123
PREERS - HrPHS, H6 e H2 1AM B AR RE E]
100% » HERRHEE A A FNHFREK - KK
HI2BHR P23 5 T AR R B A 13.0%
23RBS S FT RS OOSCHAFE - P3G HT i B AR R

159

60.7£27.6% (X=SD » H{H = fEHEfR )
KGR EREER 138k RERY - Hrh Do R R 4 47
HEERAE100% » 1 KHHZ 138 R L4760
KT FEHTEERFEC0.6+:20.6% (Fig.
TA) o E B R 1Ly B K M V3R i 3t 2 R AR FRE -4k
BRE > WHREHEEZR(p = 0.86) » HH
FH AR IR F AR - (E138100% A1 G 1R K
FEHL o

Figure I1BH/R » fEHKERGNAR » A3 H
AR AR 268k RES B R 4T 4 - B EA8~9H
MR - AR KRR — 8
5~6ff H /e A » SRR E Ry K ino. 15RHR
Y » FFHBRRT%  HERBEHEER
FRIFRE » K A3 BRER - FiE
TRRE A S FFHR 272 S0 B - PR IR RS Ty
37.6+21.7% »

Fb e 2 R IR B A e A RE RS - 5 R AR
I BEMRFE60.6 £25.0% » HFIEHFHFR
HF37.6+21.7% > WEEHMBEEZR(p <
0.0001) » BIZF10 H #IHAMRARIFIER £ - $F 48R
A S RO H AR AR o AR B R G
i BIRFTRVRER — R Z5~0M H - HiTH
B A EMRAK B RGHR - BAIERYIO%
RRGH - 2 hRGHEREAER -

T ERRRH

0

~

(=) AN [ e ] v JR i B % A 3 AR B B 6

€3 HIERRAG - DU B 42 2 {1 22 19 v B i B
— K HFTIEEOX - AR R B AR
Fre R fIER 74 H 11 H & 172.8 £84.9K 4 »
HABR TR R BR116.9£27.8 K (Fig.
2A) o 7 A1 v kg e R B BE A B ST AR R
FJE88.9EL100% - HixEHE (P < 0.0)ENHERE
BRFRFIA o 70 AR i B AR Bk A (R B AR RN 30 %
AT B R BRI BARE R 71.3% (Fig. 2B) » /&
R B A R IR A AR AR RIF - NAZF12
HTA - B TERR Tk - BHEBIOK30
emE31 em Z BRIERTE - FREFE G HRESS.9% -

AN (e g ] i P Y = R e - 57 Y B R 2
AFELLRIIEE - RAEEFNERE - R



160

(A) Bud dormancy period
100.0

80.0 -

60.0 -

40.0 |-

rooting (%)

20.0

0.0
H1 H4 H7  H10 HI13

(B) Bud burst period
100.0

80.0
60.0 -

40.0

rooting (%)

20.0 -

0.0
1 4 7 10

13 16
clone no.

HREE B =B TR T

H19 H22 D2 D5 D8 DIl

19 22 25

Fig. 1. Rooting percentages of Amentotaxus formosana by cutting during (A) bud dormancy
m: Dahan Mt. 23 clones, 0: Damei River 13 clones, (B) bud burst m: Dawu 26 clones.
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Fig. 2. Time of air-layering on rooting parameters of Amentotaxus formosana. (A) Days of
root initiation, (B) rooting percentage, and (C) flowering percentage. Columns labeled with
the same letter do not significantly differ at p < 0.05. Vertical bars represent 1 standard

deviation.
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Fig. 3. Rooting parameters of 11 clones of Amentotaxus formosana by air-layering. (A)
Days of root initiation, (B) rooting percentage and flowering response, and (C) flowering
percentage and sex determination. Vertical bars represent 1 standard deviation.

Table 1. Numbers of vegetative buds, male cone buds, female cone buds, and filled seeds per
air-layered tree of Amentotaxus formosana

No. of buds per tree" No. of female ~ No. of filled
Clone Vegetative buds  Male cone buds  Female cone buds cones per bud” seeds” NY
fo- (X+SD)" (X+SD) (X+SD) (X+SD) (X+SD)
4 BI36 6.8+72 5.0+4.6 4
4 B213 7.5+3.5 1.5£0.7 2
Q@ BI52 11.2+5.7 10.8+8.3 43+2.0 2225 6
Q@ BIl54 20.4%10.6 49+32 3.8%+1.5 09+1.2 7
Q@ BI173 140+14 1.0+0 3.5+0.7 0 2
Q@ B240 16.8+5.6 3.5+25 42424 27+32 6

I8}

"% values within each column do not significantly differ at p < 0.05.

¥ X+ SD, mean = standard deviation of the mean; N, sample number.
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Table 2. Net growth of air-layering, cuttings, and seedlings of Amentotaxus formosana

Age (yr) Height (cm) (X+SD)" Basal diameter (cm) (x+SD) NV

Cutting

33 14.7£5.5 0.17£0.06

22 53%£38 0.08£0.03
Air-layering

4.5 75.7£19.6 1.37£0.77 18

35 43.0%£19.8 0.61£0.54 36
Seedling

0.8 89+1.1

1.6 11.7£25

X+ SD, mean =+ standard deviation of the mean; N, sample number.
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