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Research paper

Studies of Seed Germination and Dormancy
of the Tree Species Michelia compressa

and Pachylarnax sinica (Magnoliaceae)

Shun-Ying Chen,” Fen-Hui Chen,”  Yue-Hsing Huang,”
Cheng-Kuen Ho,"”  Ching-Te Chien"”

[ Summary ]

Seeds of Michelia compressa and Pachylarnax sinica of the Magnoliaceae exhibit dormancy.
Poor germination and non-uniform emergence of seeds in the nursery were found after sowing.
Thus, the aim of this study was to determine the germination requirements of seeds of the 2 spe-
cies in order to provide an effective protocol to produce plants. Up to 80~90% of fresh seeds of
M. compressa harvested from Chuyunshan and Wushikeng germinated at alternating temperatures
of 25/15, 20/10, and 15/5°C in light, and other high temperatures such as 30/20, 30/15°C and con-
stant temperature at 25°C had low germination percentages. However, up to 30~40% of seeds of
P. sinica germinated at the above 5 temperatures in light except for 15/5°C, and germination per-
centages among the incubation temperatures did not significantly differ. Embryos of the 2 studied
species were small, and they had to grow 2.5~2.6-fold before radical emergence. The speed of
embryo growth responded to the germination speed. Seeds of M. compressa began to germinate
in 3~4 wk, and temperature affected seed germination; thus, they exhibited morphophysiological
dormancy. Further, cold stratification at 5°C for 8~12 wk and gibberellic acid treatment enhanced
Michelia seed germination. Thus, the seed population exhibited non-deep simple morphophysi-
ological dormancy. Seeds of P. sinica germinated completely within 4 wk, thus, they exhibited
only morphological dormancy. Seeds of M. compressa with a moisture content of < 9.0% stored at
5 or -20°C and in liquid nitrogen retained their germinability for at least 3 yr, indicating that they
had orthodox storage behavior. Cold stratification of seeds of M. compressa at 5°C for 8~12 wk is
recommended to increase the germination speed and produce uniform seedlings.

Key words: cold stratification, gibberellic acid, Michelia compressa, morphophysiological dorman-
cy, Pachylarnax sinica.
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Fig. 1. Intact seeds of Michelia compressa (A) and Pachylarnax sinica (B). The pericarp and
aril had been removed. The scale on the left is in millimeters.
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Table 1. Information on fresh seeds of the 2 study species

Species Site and date collected

Moisture content Seeds Seeds

Maximum %

(%, wet weight basis) (noL"') (nokg') germination”

Michelia compressa  Chuyunshan, Tungshih,

(Magnoliaceae) hung City 11 October 2010

Michelia compressa ~ Wushikeng, Heping,

(Magnoliaceae) Taichung City 4
November 2011

Pachylarnax sinica  Yunnan Province, China

(Magnoliaceae) Received January 2014

9.1%0.5 8650 18,500 90.0+4.3
9.8+0.1 9000 18,250 92.0+3.3
- 11,220 18,750 40.0£3.3

" Data were based on a germination test of fresh seeds from Figures 1 and 2, and GA treatment.

—, data not available due to a lack of seeds.
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Fig. 2. Cumulative germination percentages (mean=*SE) of Michelia compressa seeds
incubated at alternating temperatures of 30/20, 30/15, 25/15, 20/10, and 15/5C and at a
constant temperature of 25°C. Seeds were collected from Chuyunshan, Taichung, Taiwan.
Final germination percentages among the incubation temperatures followed by different
letters significantly differ (LSD, a = 0.05). E:S ratio percentages (n = 10, mean = SE) of
freshly matured seeds and of seeds incubated at 25/15°C for 1 and 2 wk are shown.
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Fig. 3. Cumulative germination percentages (mean=*SE) of Michelia compressa seeds
incubated at alternating temperatures of 30/20, 30/15, 25/15, 20/10, and 15/5C and at a
constant temperature of 25°C. Seeds were collected from Wushikeng, Taichung, Taiwan.
Final germination percentages among the incubation temperatures followed by different
letters significantly differ (LSD, a = 0.05).
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Fig. 4. Cumulative germination percentages (mean = SE) of Pachylarnax sinica seeds incubated
at alternating temperatures of 30/20, 25/15, 20/10, and 15/5°C and at a constant temperature of
257C. Final germination percentages among the incubation temperatures followed by different
letters significantly differ (LSD, a = 0.05). E:S ratio percentages (n = 5, mean + SE) of freshly
matured seeds and of seeds incubated at 25/15°C for 1 and 2 wk are shown.
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Fig. 5. Embryo growth in seeds of Michelia compressa (A, B) and Pachylarnax sinica (C,
D). Underdeveloped embryos in fresh seeds (A, C) and fully developed embryos (B, D) are
shown. em, embryo; es, endosperm; tsc, thin seed coat; ssc, stony seed coat.
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Table 2. Effect of cold stratification (strat.) at 5C on seed germination of Michelia
compressa. Seeds were collected from Chuyunshan, Taichung, Taiwan. Means (n = 3, 50
seeds/n) with the same letter in a column do not significantly differ (LSD, o = 0.05)
Germination (%)
Weeks of  Incubation —
cold strat. temp. (°C) Incubation time (wk)
2 3 4 5 6 7
0 (control)  30/20 0° 0° 120+1.6" 153+09° 16.0+1.6" 16.7+09"
25/15 0° 0° 213+6.6"  447+9.0° 547+75% 56.7+7.7°
20/10 0 0° o" 47425 6271629 72.0+43
15/5 0 0° o" 0° 0" 0"
25 0 0° 3.3+2.58 334257 47+4.1%  53+50°
4 30/20 6.7+52° 473+34% 593+34°  66.0+3.3" 67.3+3.8° 68.0+4.3
25/15 0 573441 82.0+2.8" 84.0+3.3" 84.0+3.3" 84.0+3.3"
20/10 0° 0.7¢ 527+4.1%  84.0+28 86.0+33" 86.7+3.4°
15/5 0° 0° 0" 0¢ 33425 213+133"
25 87+4.1 46.0+6.5 513+£52% 513+£52° 513+£52% 52.7+4.7°
8 30/20 260+7.1° 81.3+82" 833+82" 86.0*59° 86.0*59° 86.0+59°
25/15 0° 587+0.9° 713+19° 820+1.6" 84.0+33" 84.0+33%
20/10 0° 247+62" 64758  82.0+6.5 82.0+65 833+57°
15/5 0 0° o" 0.7¢ 253+50"  70.0%3.3%
25 30.7+4.1°  74.0+85" 78.0+57" 78.0+57° 78.0+57° 78.0+57"
12 30/20 46.0+£11.4° 753+£4.1" 7674147 773+38 77.3+38"° 77.3+38™
25/15 0.7 61.3+52° 740+43* 773+34 78.7+38° 78.7+3.8"
20/10 0° 433+74° 433+433° 46.0%+7.0° 48793 48.7%93°
15/5 0° 0° 40+1.6° 553+8.1% 773+.6" 853+2.5°
25 68.0+43" 827+52" 82.7+52" 827+52° 827+52° 827+52"°
Significance
Cold strat. HoAk Hokesk ok o sk stk sk
Temp. sk sk skskeosk sksksk sksksk sksksk sksksk
Cold strat. x HAK ok Hkk Hokok ok #kk sk
Temp.

Cold stratification x temperature represents the interaction effect.
Np>0.05; *p < 0.05; *¥p < 0.01; **¥p < 0.001.

PREE - PREEMEIME TR A R R 0 B
G AR 5% B [ 72 L/ A R 2 ME 35 (Table 4) -
Table 4877 » GAJEEE250 ~ 2500 uMFAIGA J
J#25 ~ 250 ~ 2500 pMBRER - HERETEF R4 1
R R R TR B2 R EE IR A
B  IRTHRE T A MGA JKGA K -

o~ B AR TG
FEHMELWELOEFEEAKEL 6.0
F3.6% Tk 15°C » 2440 H =Ml T 2 3=1E82%
TREZE0~3% » LS ~ -20°CHIMKAEZ(-196°C)
MR o 2410 H B Re (R B IR A #T IERE T 3 2
H o 36fH H B A E TR R R AR
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Table 3. Effect of cold stratification (strat.) at 5°C on seed germination of Michelia compressa.
Seeds were collected from Wushikeng, Taichung, Taiwan. Means (n = 3, 50 seeds/n) with the
same letter in a column do not significantly differ (LSD, a = 0.05)

Weeks of cold Incubation

Germination (%)

Incubation time (wk)

stratification  temp. ("C)
2 3 4 5 6 7
0 (control) 30/20 0 33425 173+34"°  193+4.1Y 220+43° 22.7+34
25/15 o 0° 140+7.1"  40.7+11.8° 58.0+16.1° 61.3+18.0
20/10 0 0 0° 40+2.8 233+34' 473+50
4 30/20 274+1.9° 62.7+£50° 72.0+£49™ 740+28" 740+2.8" 74.0+2.8"
25/15 0 20747 633+109° 67.3+£9.6" 69.3+11.1° 70.0+£11.4"
20/10 0 0 0.7+£0.5% 723428 773+25" 80.7+2.5°
8 3020 30.0%+43" 793+93* 813+7.7° 813+7.7% 813+7.7" 813+7.7°
25/15 20+0.0° 70.7+3.8" 84.0+1.6" 853+1.9° 853+1.9° 853+19°
20/10 0 33409 473+8.1° 82.0+6.5 833168 833+6.8"
12 3020 227409 80.7+5.0° 84.0+43"  84.0+43" 84.0+43" 84.0+43°
25/15 0 793+52° 84028 847+34" 84.7+34° 84.7+34%
20/10 o 0° 50.0E1.6°  76.0+4.3" 80.0+4.3" 81.3+3.4%
Significance
Cold strat. kK keskesk kk Kk * *
Temp. o o ok e 0.9975"  0.8584"°
Cold strat. x ok ok ok * 0.6176"  0.5317"
Temp.

Cold stratification x temperature represents the interaction effect.

Np>0.05; *p < 0.05; **p < 0.01; ***p < 0.001.

(Table 5) « BT SO EE FAEA /KR
9.8 ~ 5.014.4% LS5 ~ -20F1-196°C » 24{EH H 1%
K R R T2 R (SR F 0 B3 3 Table
6) « MM LT T DA AR B -

&7 &

— R S R I KT 13 2 S
R0 S Hl 7 E 3R 25/15 ~ 20/ 1070
I5/5°CTF 8 Rigm - Hal —HE3~4 2%
PRI L RME T BRI N - BURTE T
WOH G AEAR IR L 32 - BRSO A R
1000 miE A B - 382 AR
Hr W V-39 7 H f = Al B A I B (mean monthly

maximum/minimum temperatures )& A (refer
to Chen et al. 2014) - 5°C JEf& iz B 8~12 2 Hin]
RERLAETHEY  BAZEENZE B
e - | o B - MRS LA
FE-FSERUEIR S C BT 8 - R AR -
FLEFEF5CHERE 1221 » 7£20/10°C
B AR BT HA9% » HE RN EAMERE
HEHI T REBE AR AR A= B -

WEARE TR T 15/5° CRFERI - HAh
TR B PR A HBFRIE - HEmA
H40% - fEEIB SR 1 A IR AR AL B &
SRR BUEIIR - FRORTE T ERIUR M R 58 &
JEFN o T3Ab » RIS °C Jeg R bR B R 3 R 1
AR I TTREN -
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Table 4. Effects of gibberellic acid GA; and GA, treatment on seed germination of Michelia
compressa. Seeds collected from Chuyunshan Taichung, Taiwan were incubated at 25/15°C for
the germination test after seeds had been soaked in a GA solution for 24 h. Means (n = 3, 50
seeds/n) with the same letter in a column do not significantly differ (LSD, a = 0.05)

Germination (%)

Gibberellin Concentration Incubation time (weeks)
(M) 2 3 4 5 6 7
GA, 0 (ddH,0) 0 0° 28.0+4.3% 613+7.7° 68.0%+59" 72.7+25
25 0 0° 247+3.8" 367141 40.7+62° 453+6.8°
250 0 27+25" 50.0+11.8 61.3+11.6° 68.0+13.4" 69.3+11.6"
2500 0 14.0+59° 63.3+25" 71.3+25% 74.0+£2.8° 753+1.9%
GA, 25 0 353+4.1" 753+9.0" 82.0+7.5" 82.0+7.5" 84.0+82"
250 0 62.7+09" 86.7+4.1" 88.0*x2.8" 88.0+2.8" 88.0*2.8"
2500 0 6531+12.0" 83.3+82" 84.0+82" 84.0+82" 84.0+82"
Significance”
GA *okk Kok ko skok *kk
Concentration oAk oAk wx * *
GA X Concentration" ko % & * *

" GA x concentration represents the interaction effect.
Np>0.05; *p < 0.05; **p < 0.01; ***p < 0.001.

Table S. Effects of the moisture content and storage temperature on seed germination
percentages of Michelia compressa. Seeds were collected from Chuyunshan, Taichung,
Taiwan. Seeds were incubated at 25/15°C for 21 wk after storage for 12, 24, and 36 mo. The
final germination percentage of fresh seeds at 25/15°C was 82.0%. Means (n = 3, 30 seeds/n)
with the same lowercase letter in a column do not significantly differ (LSD, a = 0.05).
Means (n = 3, 30 seeds/n) with the same uppercase letter for a given moisture content do not

significantly differ (LSD, a = 0.05)

Storage period (mo)

Moisture content (%) Temperature ("C)
12 24 36
9.1+0.5 15 0 0 0
5 80.0+10.9* 77.8 5.7 74.4+1.6"
-20 71.1+4.2%* 70.0+8.2" 33.34+94%
-196 (liquid N,) 64.4+15.5"* 70.0+12.5" 67.3+£7.4%"
6.0+0.4 15 28.9+6.3% 33427 0
5 81.144.2™5¢ 85.61+8.3"8 73.342.7°P
-20 68.9+9.6™P 86.7+9.4* 65.645.7"P
-196 (liquid N,) 56.7+4.7" 81.1+1.6™" 66.7+£5.4%P
3.6+0.2 15 38.94+6.3% 33+2.7° 0
5 80.0+7.2* 82.24+10.3"* 85.6+6.3"
-20 75.6+4.2""8 83.34+10.9™* 58.94+7.9%
-196 (liquid N,) 77.8 1.6 78.9+6.3"* 71.1£5.78
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Table 6. Effects of the moisture content and storage temperature on seed germination
percentages of Michelia compressa. Seeds were collected from Wushikeng, Taichung,
Taiwan. Seeds were incubated at 20/10°C for 21 wk after storage for 12, 24, and 36 mo. The
final germination percentage of fresh seeds at 20/10°C was 86.7%. Means (n = 3, 50 seeds/n)
with the same lowercase letter in a column do not significantly differ (LSD, a = 0.05).
Means (n = 3, 50 seeds/n) with the same uppercase letter for a given moisture content do not

significantly differ (LSD, a = 0.05)

M i tur 0,
oIsture Temperature ('C)

Storage period (mo)

content (%) 6 12 18 24
9.8+0.1 5 85.3+4.1""%  873+1.9" 81.3£5.7*5P  72.0+5.7"
20 80.7+4.1"%¢ 747425 740114  753+6.2"FFP
-196 (liquid N,)  84.7+£3.4“*C 827425 76.0+3.3""  86.7+0.9*
5.0+0.1 5 7734258 813+11.5*%  82.04+0™" 86.7+2.5*
20 82.74+0.9™"  727416.0"" 78.0£7.5"%  82.0+4.3""
-196 (liquid N,) ~ 82.0+£4.3"*®  7474+25%"  81.3+52""  68.7+£5.0%
44+04 5 86.0+82""  82.7+4.1""  82.0+43“"  86.7+6.6"
20 827425 78.0+43"  753+£34%C  80.7+2.5""
-196 (liquid N,) ~ 76.0£7.1%¢  78.7+£6.2""  74.6+9.1"*  68.0+2.8€

= BIEIFRGANIGA JE BB S A R T A

ZRE

WA FRGAMNGA fEES LA TR
TLAGA R B R AL - H AR IR EEED A -
GAREMAM F R FTHIF LT - 5
(Myrica rubra) (Chen et al. 2008) ~ B HR 7
Wi (Daphniphyllum glaucescens ssp. oldhamii)
(Chien et al. 2010) ~ B{# 5 BE(Phellodendron
amurense var. wilsonii) (Chen et al. 2010) ~ £
(Prunus) (Chen et al. 2007a)f1H il f&f&% (Baskin
and Baskin 2014)% » {575 26 i - [K|78 7 )2 50
KEEME - GAVSIREE U AR » 5 SRt u
F e fe S S R P

= R amEEEARE TR RIRTE

AW B O T PR R AR -
fif SR 2 N T R A K RE T
EHER 3 A TR GBI ARR - Boa
FOEE ZE A BN R T IR/ - 7388 2 AT A 21
R TARFEER  EEREMMN2.5~2.615
I - PRARZERERE B 2F - ML - R e
AT EERREVKIE - KOoaRETHIE3~4
ABAREE - EEBF RIS SELE -

TR (KR %2 #5(Baskin and Baskin 2014) » fi
THEIORARERSHE - BEEMKRIR - KL
EESOOE TG AR - KL > KO
AfE AR REAMPAKIR - Baskin and Baskin
QO 1) RIBTE T IR ARAZ I » FRRF T 18 4 3 Pk R
53 Fe O » HLORBRAR IURAG IR EE I GARE T HT 1Y
T IRIR AR & Sy« Ry LAl R TS - 4
25/15 ~ 20/10°C i fEF & 4b » 5°C g A
R ERE R E - WL - RoaiET
HEEE R B A KR (non-deep simple
morphophysiological dormancy) o HEZEARFE T-1E
GERNF A R - K - #EEAHE LGB
PRI - FEEARME FRFFHERMEL - 2EEK
FZETEFRVE AR - KT 2 RAAE T H
HE & PIHERE R (abscisic acid)Z & - Tl TR
A 5y& 74 (Baskin and Baskin 2014) o

Y ~ R LA T bl

fit#%Hong and Ellis (1996)% 1-f# 1 2 1%
VL - /OO TR - KR TR
BB ZIKRIBLUT » AITESC80°C LU KR fR
FEDIF > HAERELin and Wu (1995)# &A1
Al - Bl AT T RE A R BR S NI-20°C 1K
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I REEIAE T - RO aiEREEER s
7 BIR BRI B AR TR 10~15% (Tables 5,
6)B % + BIANTE-20°C g3 61 H 2 338 4
RILH33% (Table 5) » E{EH G AHE v BTG
HEBRR IR - BR T FTREIR AR  HE BRI HE T Y
B ZER M — RIRI A D BOE - BAE RS
HEREAR R - BEME TR R
% (intermediate storage behavior) » {H151% 78
IDAERET - (BB S - B OG220 LI
TREETT o

A REBRRGLEEFZRERTHER
JRAE MR RE A Hh IR A7 » G IR B AR % i 4z i Y
T —h% - BRI ZEARIR-196 CIKRE A » &)
AREr5Ed:(Wang et al. 1993, 1995, Chien et al.
2006) DB FREIEIAE T 0 A01LAd (Champereia
manillana) » 7R A] JRAE K RE & H R 17 (Chen et
al. 2007b) « & KBERMAREFH.0(The
National Tree Seed Centre)fg il 15FH & 1 {5
1E-20°CHYSHRAZEMOARTE 1 » IR E3SHE » 8
BB /KRB 9% L T F21E J 05 - (HEK
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AR - g P 1 25 7 SR T B U e T My A
B (Simpson et al. 2004) - EEFHZH T
it el S °C IR DA ZE % B A 58 S o 5 3 i 6 6
R -
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BEEZENEMEE - BOoOETHPRE
BRI ORAR - Iy Sl fk s L 1 3 2F B 2k
WEARLER » DYIERERE  #FRR - HE
THEHLESCERERHES~ 1221 - %A HIE
ER I - HR TR - BT
FERE o K0 R B SRBCTR 0 ZE 1Y L R ] P AL
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FHAE TSR AF BRI > BT
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