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Research paper

Seed Storage Behavior and Germination of Fragrant
Manjack (Cordia dichotoma G. Forst.)

and Chinese Hackberry (Celtis sinensis Pers.)

) )

Jeng-Chuann Yang,"”  Shing-Rong Kuo,”  Tsan-Piao Lin’

[ Summary ]

The storage behavior and germination characteristics of seeds of the fragrant manjack (Cor-
dia dichotoma G. Forst.) and Chinese hackberry (Celtis sinensis Pers.) were investigated. Freshly
mature viable seeds of these 2 species could completely germinate under alternating temperatures
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0f 30/20°C with 8 h of light within 6 wk. The mean germination times of their freshly mature seeds
were 15.6 and 11.8 d, respectively. Therefore, the seeds of these 2 species were shown to be non-
dormant. That is the reason why 4°C chilling only had an effect on the rate of germination. The
seeds of C. dichotoma deteriorated rapidly when the chilling period was extended to 9 mo and died
completely after 12 mo of being chilled. With a stratification period extended to longer than 4 mo,
seeds of C. sinensis forced seed germination under chilling conditions, and complete seed germi-
nation could be achieved when the chilling period was extended to 7 mo. Thus, 4°C stratification is
not an appropriate way to store the seeds of these 2 species for the short term. Seed germinability
could be maintained at -20 and 4°C, for at least 24 mo at moisture contents of 4.5~12.7 and 3.8%
(on a fresh-weight basis) for seeds of C. dichotoma and C. sinensis, respectively. This therefore
confirms the orthodox seed storage behavior of these 2 species.

Key words: fragrant manjack (Cordia dichotoma), Chinese hackberry (Celtis sinensis), seed storage

behavior, orthodox, stratification.
Yang JC, Kuo SR, Lin TP. 2006. Seed storage behavior and germination of fragrant manjack (Cor-

dia dichotoma G. Forst.) and Chinese hackberry (Celtis sinensis Pers.). Taiwan J For Sci

21(4):447-59.

wE
HrEANFESGEXEERE TR
B8 (Wang et al. 1995) - 7 T 14 E (seed
storage behavior):Z iff5¢ H #Y B TR $E 5 & f 1
THRRBaZAY ke H i fE R - B4
1900 4F A 5 #A RIS A BR A 95 45 o 8 36 0 B A
BYEkEHETNESGEEAZE  BERFE
eI R UARAR ERRBEYE T R
FE R B HUE S AR KR TR T REME R
WA HEMETFKSEKEELGFERSORE
(Harrington and Crocker 1918) %% T B
TR B REN S AREHEFRENEE
FIA(Evans 1957, Nutile 1964) » T FEKFEK
Y EREFERNEERFEREIMABCE %
e L A o7t B T (L 0 ) R el 2 T AR
et se iR - K - R B R S S R
AR AT ER L o B AT B R R A A
B R R HE B Reading KEN %
MR EERBE L EE T EBIR R T
(Roberts 1973, Hong and Ellis 1996) » F A& |
B DA A 1 S5 R AR Y T A2 B R T - R AT
Fo 5@ 53 By IEfESY (orthodox » BUEE Ry HZ L) ~
SR (recalcitrant » BGEE Ry i G AY) B o ] 1Y
(intermediate)% = K% - IEfERITE FREMS 52

Mo T EKRERS% (HE > AXLITITHE
IR DU RN )RR KE T - HEEE
ek DL B A - P 7K 4 R A R AR i O L e 55
i bE L AEf (Roberts 1973) » Y - FLEAAIE
TFIFEARME S EHEKRER12~31%LLF
W MG TR ROKR BRI R T
BE(Roberts 1973) ; 1R AR R EATE BEERL
WY AEIEEAM R - SRS RIEE B &
FiT iz BR 4 18 FE A 15 "C R R mT BB B st &
(Bonner 1990) » #ERobertsFg i bl —2HAIFHE--
#1205 2% - Ellis et al. (1990a)4 B4 5 H
MBS T B ETE » A B BT R A YE(Arabica
coffee, Coffea arabica L.)HFE T-& 7KK n] gi#7
BREIS~10% M5 JIANK - (HHE H A FEEAE10°C
DUF I RIRE JTHGE T R - SO S BN BLIE fR Y
HEREMEME - A2 BEGENE a4
Forh AL - BE% - NP R RS b I 1
LM -7 (oil palm, Elaeis guineensis Jacq.)EEHH
W& (Citrus spp.)Z(Ellis et al. 1991, Hong and
Ellis 1995) - fiiu 5% % 2 200 1 A9 1 1%
15 HR P U A 1 758 B B KRR IR B 10~12%
B KEB 3 1T AT - (HE & KR A
T k(A T T T R T e R



BEMERE 21(4): 447-59, 2006

HIl2 6 SefgRemt 2 N EWR - B RRBUR » I
FEZERI 4 RBIRBIATR 2 (Hong and Ellis
1996) °

W45 T (Cordia dichotoma G. Forst.) 5l T
T AR REERNEEETER 54
TAEBRER ~ BB ~ 2R ~ Frig % e
(New Caledonia) ~ FFRgE ~ ELETIH ~ $1H

BEHEH - ARG EE R RERENT
(Hsiao and Liu 1998) - REMEFEE —FH T
F(1-seed drupe) » HEHF-7~8 H IF KL 22
RBEt - FR4E > FEAS—RE [l A
I~3ENRBRRER BT - E— N EAZ R
FE TR AR A REEE 2R 1~3 98 - i T H 2R
WEHAEE CRAH  HEEEALAE
o REREEMER TR GRS
WHRERS "B, o EEMGE R
HEHEZ -~ F T~ fEs - 215 - BE#(Kuppasta
and Vasudeva 2003): 23 - 18 K7 v] V& #EE (Hsui
1982) ~ ffiliIM ~ FEBRE T - REEE
MRERRI ] 1k 7 R iR s I RE o Fl 1 P9 9 1 A B AR
HEEE mRERHLA R (Theagarajan and
Prahbu 1977, Trivedi et al. 1990) K7 f#
BERZAHSHHERBE » WEASCHEIZR
e DARBEEENETRS  EERK
W~ T BRI - M > B E Il
KA 5 EHERRSEEE ~ AN~ Bl SRS
5 R RE LR R AR -

AN (Celtis sinensis Pers.) X 41k » ki
BIEESEEA » A EHE - EE - BA
B ER B 5 18 S i o ATEAE 51 B2 A RN
S 2 FP{E Y LI (Yang and Lu 1996) « & 5y
BT R A 6~7 H R AR A8
B o SISO B ORI 125 VO e A -
KEEWE (Sasakia charonda formosana Shirozu)
R B AR S ALk R AR 5 - BTG
Lfh - AlE—7 - Hgha it DUE R AR
Fh R R (Lee 1998)  ATEASE BRI » EELSEIY
REZEFEIFH - XEBMEFURTE - 288
BEWEEBIEE L — -

25 B AT - B AT e 2 4 B Y
TESUIFE S BRIAN - AR5 H Y75 B e e I

449

R R S R T DUR S R A IR AL - D
ol H 2 & A R R AU S A U T o IR BE A
Ty RACHE - el BEL A P o k98 - TR L 3 2
PefFELRe 1 - DRI EIR TR 2R -

MH¥ BT A

— -~ FERAEHE

AT 7 BLAME R 7~ (Fig. 1) AIFE19984F7
H10HE119994:7 H 4 HER A & LAY B CRA
121°30° - JE##25°02° ; @30 m) » FRHLRE TS
FREE R - iR TR BRI 28K
RS BN R B IR K T A
BLRARAL - 27H 14H S 7 0F ik - A
RERKFFC 2R EES - FEEH TR
HEHENEEREK  HERARNSEN - £7H
30H A REARSTE FURIR o Uh A 7 2 7K
KL PEIRIVEE TR 2 A SRR /02 hiffE 7%
TR 1% » BE B E ST HT R 71 25 2 SR A B e
BUKERBE » WL LN TR ~ R
B o AW —fAE FrosREE B F R ARG R
Table I

= T EARERE A

HE R G B FA 1 - 9 AR
S(WEAR ) B 10 CFME R Bl T 7+ R
Y4 mmPLT/NMERTEL103CRLT ho Mt
W7 o DA B B RZ 8 72 AL A - A KR (moisture

Fig. 1. Seeds of Cordia dichotoma (left) and
Celtis sinensis.
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Table 1. Information about collection, seed characteristics, and initial germination of the 2
species studied. The fruits of these 2 studied species were collected from single cultivated
individuals in Taipei Botanical Garden (25°02°N, 121°30’E; 30 m). The thousand-seed-
weight (TSW) was estimated at the moisture content shown

Moisture content Number of

Initial germination (%)

. llecti ) T L
Species Collection date (%, FW" basis)  seeds/L SW(g) (Mean germination time)
Cordia dichotoma July 10, 1998 19.0£0.3 3880 164 s10228
y 10, i (15.6+0.2d)
443+3.0
Celtis sinensis July 4, 1999 10.5£0.3 20660 36 (11.8£0.5d)

" FW, fresh-weight.
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Moisture content (%)
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T
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15 = =
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03 6 912151821240 3 6 912151821240 3 6 9 1215182124

Storage period (mo)
Fig. 2. Changes in seed moisture contents of seeds of Cordia dichotoma (O, 4.5+0.2%; [1,
8.91+0.2%; A, 12.7+0.3%; V, 18.9+0.9%) and Celtis sinensis (O, 3.8 £0.8%; [1, 9.6+
1.0%; A, 19.9+1.5%) during storage at -20, 4, and 15°C. Vertical bars represent the mean

+standard error.
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Celtis sinensis

60

50

40+

30

20

104

Cumulative germination (%)

0

T T T T T T T T

o 1 2 3 4 5 6 7
Duration of chilling and germination (mo)
Fig. 3. Cumulative germination
percentages of seeds of Celtis sinensis
chilled at 4°C for 1~7 mo ([J, 1 mo; A,
2 mo; V, 3 mo; O, 4 mo; <, 5 mo; W,
6 mo; A, 7 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. Filled diamonds (4) and circles
(@) represent mature seeds incubated at
alternating temperatures of 30/20°C and
35/10°C without chilling pretreatment,
respectively. Vertical bars represent the
mean + standard error.
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13.1~20.6% > 1 & G B R E]5~7 mofyFE &
WibtE E TN HEKRUEZRESEH
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Cordia dichotoma
—(O— Mean germination time (d)
— Germination (%)
Moisture content (%)

Celtis sinensis
—O— Mean germination time (d)
—}- Total germination (%)
Moisture content (%)

60— =

30— —

20— —

10—‘0O 50 .

Storage period (mo)
Fig. 4. Effect of 4°C chilling for 1~12 and
1~7 mo on the mean germination time (QO),
germination percentage ([1), and changes
in seed moisture content (A) of seeds
of Cordia dichotoma and Celtis sinensis,
respectively. The filled circles (@), squares
(M), and triangles (A) represent the mean
germination time, germination percentage,
and seed moisture content of freshly
mature seeds, respectively. Vertical bars
represent the mean + standard error.
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10 n

(Cordia dichotoma, -20°C) | (Cordia dichotoma,4C) |
JAY

S
=
.9 07 1 V V
= A A 0 IR ST O [ S O I A S S
g 60— (Celtis sinensis, -20°C) -|  (Celtis sinensis,4C) - (Celtis sinensis, 15C)
= P~
S so- 1 - I
o 13 )
30 -
20 .
10 -

T T T T T T T T T T T T
0 3 6 91215182124 0 3 6 91215182124 0 3 6 91215182124
Storage period (mo)

Fig. 5. Effects of storage temperatures (-20, 4, and 15°C) and moisture contents (MCs)
(4.5~18.9% and 3.8~19.9%, respectively) on the germination percentage of seeds of the 2
species studied. Survival of seeds with the 4 water contents of seeds of Cordia dichotoma
and 3 water contents of seeds of Celtis sinensis significantly differed (p < 0.0001) at each
temperature. The filled diamonds (4) represent the initial germination percentage of
freshly mature seeds of the 2 species. Moisture contents of seeds of these 2 species in storage
were the same as those shown in Fig. 2. Vertical bars represent the mean = standard error.
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Fig. 6. Effects of storage temperatures (-20, 4, and 15°C) and moisture contents on the mean
germination time of seeds of Cordia dichotoma and Celtis sinensis. Moisture contents of
seeds of these two species in storage were the same as those shown in Fig. 2. Vertical bars

represent the mean + standard error.
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