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Research paper

Seed Storage Behavior of Taiwan Cow-tail Fir (Keteleeria

davidiana (Franchet) Beissner var. formosana Hayata)
Jeng-Chuann Yang,"¥  Tsan-Piao Lin,”  Shing-Rong Kuo”

[ Summary ]

The storage behavior of seeds of Taiwan cow-tail fir (Keteleeria davidiana (Franchet) Beiss-
ner var. formosana Hayata) was investigated in the present study. A significant increase in the ger-
mination rate and a small but insignificant increase in seed germinability were obtained after chill-
ing at 4°C for 1~6 mo and incubating under alternating temperatures of 30/20°C with 8 h of light.
The mean germination times were reduced from 40 d for freshly collected mature seeds to 15~20

DT R E g ERETEMHE - 100665 T M IEIS539% Division of Silviculture, Taiwan
Forestry Research Institute, 53 Nanhai Rd., Taipei 10066, Taiwan.

DB E S RIS 0 106175 b T RIS PYEL 195 Graduate Institute of Plant Science,
National Taiwan University, 1 Roosevelt Rd., Sec. 4, Taipei 10617, Taiwan.

DEIBEARGMEREEERER > 10617 ENTIEEK VY 15 Department of Forestry and
Resource Conservation, National Taiwan University, | Roosevelt Rd., Sec. 4, Taipei 10617, Taiwan.

Y SEEYEZE Corresponding author, e-mail:yjc@tfri.gov.tw
200549 H %% 200641 Hifii® Received September 2005, Accepted January 2006.

* AW TR TG B2 T B ® 90 R - 1.3 1-7R-G 1(02) B9 1 B8 -2.1.2-FRG 1(02) Fat ERC B M B - Rf T 250 -



180 BRI SE—o B TR e

d after 3 mo of stratification. With stratification times longer than 4~5 mo, forced seed germina-
tion under chilling conditions, and complete seed germination could be achieved when the chilling
period was extended to 11 mo. Freshly mature seeds lost 36, 70, and 98% of their viability after
being dehydrated to 15.4, 10.5 and 7.0% moisture contents (on a fresh-weight basis), respectively.
Seed viability was completely lost after 12-mo storage at 15, 4, and -20°C with 7.0~15.4% mois-
ture contents. Most Taiwan cow-tail fir seeds could not survive desiccation to a 10~12% moisture
content, and viability was rapidly lost during subsequent hermetic storage at low and freezing
temperatures. These results confirm that Taiwan cow-tail fir seeds exhibit recalcitrant seed storage
behavior.
Key words: Taiwan cow-tail fir (Keteleeria davidiana var. formosana), seed moisture content, recal-
citrant seed, stratification, germination.
Yang JC, Lin TP, Kuo SR. 2006. Sced storage behavior of Taiwan cow-tail fir (Keteleeria davidi-
ana (Franchet) Beissner var. formosana Hayata). Taiwan J For Sci 21(2):179-89.
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Fig. 1. Seeds of Keteleeria davidiana

(Franchet) Beissner var. formosana
Hayata.

181

BRERENRLZUABRFAR - I LI
M - NedmiziEr AAR&ENZERER - i
FHBGETRERZEHE - 261 ~ 28EH T 20 KA 82 5
T5PIYZERIR - A ML AT 1Ry X B R
STRIE252 g (#95,02041) 51207 g (¥74,090%1) «
AL RE T PR AR BB AR FEAEE R L Table 1 -

o ETERERUE TR

TR B/KRHEIIFAE G - GEHAE
PR S KL B 5 1 - SRR T Y4 mm
DUR/NBR#2E9T103°C ~ 17 hiz fikiiz - DUef B B
Wz H 72 R T & 7K (moisture content © T
Plmce#EoR) - Al DU 8 R 7R Z (International Seed
Testing Association 1999) -

= BEIE

DIBTHZ R & R 0 B - 1G5 1 BLUK B AR
PEE B R R (59548 14X 10 cm ~ JE[£0.04
mm)¥ZRR A WRE A RI2/309 T R 22 [ 2L
PR T IR AE A FRVER - S AFEREN
BHRBOEEE  BEECETERE 1
30K ~ SE2#tRE 1258 » DL—iboRTE 747
FIE930/20°CHE ~ 8 hOBIF(50~80 uE s”'m™)f
T EST o DURRZEHS mmili B3 4 - #5410
Fo16 wk » HAMIEFHEADSR— R EEF B WARFEEF
SINHFC 8 K Ay BELE TR, - el T I %
T T SR B A B 7K 2 8 PR RE v ) 6 Y IR %
—H » HOHREZZKE BB /M8 - WL
TR A 12 UK E AR B 00 A T 3 A I P RE
Wk 5 53 (imbibition damage) (Ellis et al.
1990b) °

Table 1. Information about the origin, collection, locality, seed characteristics, and initial

germination of the 2 seedlots studied

Provenance Collection Moisture content Number of ) Initial germination (%)
Seedlotno. ) ) Description ) ) o

(latitude, longitude; elevation)  date (%, wet basis)  seeds /L (mean germination time)

Pinglin, Ak collected from several 70.0+12.5
Seedlot 1 Oct. 2001 O b 234403 7380260 50.3+t1.2

(24°52°N, 121°44’E; 650 m) wild individuals (40.1£3.94d)
Seedlot 2 Chushueishi, H{7kiZ Nov. 2001 collected from 2 80411 Q110477 506412 94.7+3.8

t A 0=x1. st 61 1.
e 24037N, 121°41°E; 500 m) cultivated individuals (382+1.9d)

" These individuals were all from the same population.

? TSW (thousand-seed-weight ) was estimated at the moisture content shown.



182

VY~ B o e (i) i B

W IR DU IF R 2 2 k& K HIK L
fEH#J100/390 (w/w) » DIES TEBR(55R5) 53 51
8% EHA4°C B (Lin and Chen 1993) » £84
TR B G 792/ 3 9 T 6 22 [ DA 1 I R F FH
iR AR - BRI moE TR
K RS 2R — K o E Ry i24M8 A
AL TR g R AR - 3 IR Rl ~ 2232629
12 ~ 18%24 molRF TR 4 iREs - DIEERTIKIR g
TELFRE R SR A0 S e - PR IR 200 31 Tl e
ARG T IR e AR R T 2 R OR - HERE TR
R R F A EIT3EE  BEEN
T B R 30K (R —HD) BE25 R (5 —4tt) - 352k
T3 B A R AR B T R A SE R o 2

A e T S KSR B SR T

B LEL2HE T Al B KR 2 23 4B
28.0% » ML A3 HITE20°CEREE T » DA
B> FEfi(molecular sieve) i 52U BE 78 JI5R 5K
W T HNEERS~ SR ERAERE
IKRWRFET-#H (sub-seedlot) o 71 HEH] & M FE 1
KRR » R — R A
I T2 e LSREREE » BR4TCYE3~5
AR BT B /KRME o 55 VU -4 P 2 B
=ZRERLZEIRBITRIE ¢ 7.020.6% (F2144
d)~ 10.5+0.7% (W 130 d)EL15.4+0.4% (§Z)%
18 d) o 552 Bb A -#H A #e il 1 — R & 7k 3R 43 il
£ 17.2420.3% (§5H48 d)E212.7+0.8% (FoH
25 d) o fEMEES " KA L BKRFEIHE
H18 - LA LI G SRR 28 - DRI
24 mofifi AR H & /K RIJREME 8 - 432658
i TR T 43 BIEE G A -20 ~ 452 15°C ZRE B RS -
SyRIEERS ~ 6~ 12~ 18 ~ 24 mofk TR H
B o DUbgOE T 72235 S (viability) o bl 3B
ETAE MR AN [ e 7 2 /K SR B il YL 6 5 00
FERET- R T R I RUHE -

N~ BHREZHE

DASEE 8 28 H SRR M F I 3 20 U -
— M T B A AR H B R85 H
% HAZEy(Lee 1990) ¢

BRI SE—o B TR e

VEIEFEHB =2(f- v) /N

f: R TR R 8

v FRERERERFCHE &
N: BRI E -

+~ #E o

HE G A [ B (e R DL~ Pl T A kR EL
et el R R o2 AL ) BT AR 2 B T 3 A SR T AR T
AT MR R BRI 2 B DUBR AT Rl
2l L P B AN TR - B /K SRR T3 T2 3
& - AT F 2 a0 BTk B 2 SAS 9.15R(2005)2
% BTV ANOVAELGLMAZ S -

it SR

— o BT

AR SE R 8T ETE T DL30/20°C B R AR
16 wkFT{3HIRLAAEE 2F SR B 35 4 H B 2
70.0 (40.1 d)8194.7% (38.2 d) (Table 1) = —#t
TR P4~ - BB FREE
THy92% (F—H)896% (55 _#t) & fEE 6l
WEH - HIt - #HE TSR FRE T
AIFEEE 12881038 .2 8k AN A B4 A0 8% B (Figs.
2,3) -

T~ IR R T (R ) 3 SR

ATFSE DTG R R T
HOR ISR 5 B4 motk - FE T @ EI4°C H
ML EREE THRMG RS - HLBE 2 TR 9 42
RMFW a4 - 51 #E T IE e ~ 7 8
9~ 10H % - BT RFRLE ML R IR B
BB R 2102 - 435~ 67.4 ~ 76,98
84.4% (Fig. 2) » (GBI ARFRENEF 2 HST
FEAHIE14.0 ~ 54.1 ~ 83.0 ~ 90.7597.1% ; 552
B FAEACUS ~ 67~ 8~ 9H % » HITRH
RAOHNE13.8 ~ 34.6 ~ 64.2 ~ 82.1H186.9% (Fig.
3)  ABIE AR F RN T2 o Rl
15.3~33.7~ 69.3 ~ 89.6295.0% °

DA% 2 SR A HR A L e T S 2 i T 1
RS L AHE - S I R 7 1E4 CIBTERY 12 moiiiE
Ho KEEREL 2306 9 12 moth Z IR



EEMRERE 21(2): 179-89, 2006 183

100

Cumulative germination (%)

(seedlot 1: Pinglin)
6 8 10 12
Duration of chilling and germination (mo)

Fig. 2. Cumulative germination percentages of seedlot 1 which was chilled at 4°C for

1~12 mo (O, 1 mo; (1, 2 mo; A, 3 mo; YV, 6 mo; <, 9 mo; M, 12 mo). Dotted lines (---+-- )
and solid lines ( ) respectively represent germination rates while in the dark at 4°C
stratification, and in alternating temperatures of 30/20°C with 8 h of light, after the periods
of stratification as indicated. The filled diamond () represents mature seeds without
chilling treatment. Vertical bars represent the mean = standard error.
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Fig. 3. Cumulative germination percentages of seedlot 2 which was chilled at 4°C for 1~12
mo. The meanings for the symbols are given in Fig. 2. Vertical bars represent the mean +
standard error.
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Table 2. Effects of a 4°C chilling period on the mean germination time (d) of the 2 seedlots

Seedlot 1

Seedlot 2

4°C wet storage
. 1 2 3

period (mo)

Mean germination

time (d)"

9 1 2 3 6

32.24+4.4930.6+1.87224+3.7" 85+029 8.6+229 252+1.6"21.0+0.9” 15.6+0.59 9.8+1.59

" Means (n = 4) with the same letter do not significantly differ (» = 0.05) by the ANOVA test.
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(seedlot 1: Pinglin) |
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(seedlot 1: Pinglin) |

90 D -20C -

(seedlot 2: Chushueishi)

Germination (%)

(seedlot 2: Chushueishi)

E 4T F 15C _

(seedlot 2: Chushueishi)

01y Y N \ 1Y

Y ! 1Y \ i

0 3 6 9 12 0

6 9 12 0 3 6 9 12

Storage period (mo)
Fig. 4. Effects of storage temperatures (-20, 4, and 15°C) and moisture contents (MCs)
(7.0~15.4%) on the germination percentage of the 2 seedlots studied. Survival of seeds with
the 3 water contents of seedlot 1 and 2 water contents of seedlot 2 significantly differed (p
<0.0001) at each temperature. The filled diamond () represents the initial germination
percentage of freshly mature seeds of the 2 seedlots. O, 7.0+0.6% MC; [, 10.5+£0.7% MC;
A, 15.41+0.4% MC; V, 7.2£0.3% MC; <, 12.7+0.8% MC. Vertical bars represent the

mean *standard error.
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1EAC i I B3 2 /KRR W REAE3 0% /e
P DA RS2 55 1 4t o A 1 R 2 R A 70%
(B 7K Fs23 %) K HEdw » BERHAZ T 1Yz 5
FHARMITE28% mcfilkh - Fa T 7k By mn g
KM BEIE JTET 5 i BIBE & /K SRHME R H il
G SERR AT KRB i B
RAMREE S - BRBNEHER &K REHEE
A g 14 =5 e U 1o A7 JE EN S — HE 4B R 12K
IMCAERBEERET -

Hong and Ellis (1996) 1153 51l J& HA ek
(Aceraceae) ~ FgEEZEH(Araucariaceae) ~ BENS
EEl(Dipterocarpaceae) ~ %3 Fl(Fagaceae) BBk
BARFH Myrtaceae) 5 ST 9AMETE 12K 73 HTHERS
FARE -1 B B R B KR I T B A B A
FREEAT R A MR - RS R BB A T &
IRFBIE23D AT H IR IEREE R B 5K
RHIAE23~55% » T R FEFHEI6~90% - A 7H
R T HY B /K SRR 35 % & FE % A s L 1
o TR EER2S ¢ HEBIERT - &R
13,000 gF Ly RAEHA - MIT230~13,000 g
RIITE ~ SB[ TUARTTRE o S A2 A 1
& R EBRITE23~29% 5 THIERS0 g » HLLE
ftHong and Ellis (1996) #tat#t A Ry 9)4 H
TR ¥~ G E AT Ry WO AR B8+ FU JFE R 2 e i [ o ]
B o BEARARIF SRS R B 2 51
A HEN A BKR L By SR 1 S
PI7K o3 HHE B - A RHE RIS PR T - T2
HIYREMYRZ F ORI - QNI ZEHy — HE8r fefd
TH A KREEE23~29% » (HEE R ] &
70~95% » [RItE » 25 BEE ARG SR & 43R - Rl
FZAE -2 M i) P R B B S A - o

FLGERURE 1 2 Fy 2 R B R AR B T
ZRBER KRS - AR E Ry Bk A S BE A
FERE T % FyRa R B - B i A 0 52 8 B0 0
AL R WG EA 1 7HE ST SE B R M
AR R E G E MR E 78R R - Hil
CLATF FEAZ B B A B A2 (monkey puzzle,
Araucaria araucana (Molina) K. Koch) ~ E27f
FAEfZ(Parana pine, 4. angustifolia (Bertol.)
Kuntze) ~ 4 FKFEHEAZ(Klinki pine, A. hunsteinii
K. Schumann) 8l [ #E R A2 (Bunya pine, 4.
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bidwillii Hooker) » 58 2643 i fEHHFE 5P ~ &
N~ FREPEEE ~ 5 P i S T B B L Y At
TEAE T Jy FLEE R (Tompsett 1984, Pritchard et al.
1995, Corbineau et al. 1997, Panza et al. 2002) »
FA BT St SERTE 2 Ry IR R Rt - 55
Nguyen et al. (2001)¥53553-{ffi 7 H B R 8 5 HH R
K EBIERGHAZ (Keteleeria evelyniana Mast.) »
W AR TS R R BER5~6 %I - Sy IR HE 28
PRI B T 2 Mot s DIk AS REle - 8
REIE R R TAE F  HRE R S » K
ToH il 1 T T E B S AL AT -

+ =4
e af

— o B AR SRR R AL A DUE R KR
AT - BRERTGE20D /A4 » & S E R
TR IR ] 95 LA b o HEWIA R T
PR A R T 22 S R ERRE 75 0l S0 T 52
oKL o R R I R B R Y 2 S
A SR T 73 3 ol A PE IR L Y s i U2 18207 ol e
HIRREE - AL A B R A0 4 A 0 T
BER A TBCR AR IRRE ] RERE2~ 3 H B 104E DL
AR —-REE - WG KRR R A
TLGEFTIRE TIEMEA S - A TR 525
RERARITIE -

o BENAZE T ARG 0 B A KRR
FHI23 %R RIEE T RIERERZET » &K
REFERE10~12%%KEHETHOETC » HHE
BRI IR UK - B S A B R
T WS ER R R TR e A -
96T P P R S o R 8 S I 0 e A -
FEHBKREIZ0%) » FEEAEAI4CHRIERE S -

=~ DI4°CIEiE#82~3 morEH BUE i 5 # i
THELF - R ERGEAE (B A 5 B A VB R K
T 1~ (KI 1097 1 T RE L PRI R NEF S8 i 2 -
HEER R AR - (TR e wkin B
T o RATCIGR IR IE G B AL 1 1 (R R
75 o R AR M e H BRI ERSE TAES mofk
GG ETTHRE - HAE RS mo R L
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FoA R B2 B & (IR RS A
HAVE S -

M9~ BERAN S EME SRR T 27
AAGERHLESMRE HI - LIS HAERL
FERITTHI AR B ORI I N > R AR B il
JHMERF -

i &

JRHARFS R RE MBI ~ SEPE e A pE it
BB EREA  SRKEH H R AR~ 3L - 4
EZE  HYLES - AT BER - LR
BN T ha B~ F B AR E T E -
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