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Research paper

Overcoming Physiological Dormancy of Bretschneidera

sinensis Hemsl. Seeds

Yao-Moan Huang"” Yao-Yu Chiang” Yi-Chiann Chen” Tzu-Hao Su” Chih-Ming Lai™

[ Summary ]

Bretschneidera sinensis Hemsl. is a rare relict tree species in Taiwan; however, the seed dor-
mancy of this species is still controversial. In this study, we evaluated the effects of decortication,
cold stratification, gibberellic acid (GA;) immersion, and their interactions on the germination of
B. sinensis seeds. Results showed that control seeds with no treatment did not germinate during a
12-wk incubation period, indicating that seeds had significant dormancy. In contrast, seeds with
other treatment combinations exhibited 0.8% to 65.0% germination percentages. Among them, the
highest germination percentage and shortest mean germination time were observed in the treatment
combination with 4 wk. of 4°C cold stratification, decortication, and then immersion in 100 ppm
GA,; for 24 h. Decortication and cold stratification significantly increased seed germination per-
centages. Although GA; immersion also increased seed germination percentage, the effect did not
reach a significance level. GA; immersion did significantly shorten the mean germination time of
seeds, while decortication and cold stratification did not. This study demonstrated that fresh B. si-
nensis seeds have physiological dormancy, which can be overcome through a combination of cold
stratification, decortication, and GA; immersion.

Key words: decortication, gibberellic acid (GA,), germination percentage, cold stratification, mean
germination time.
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R B Fr LT B 7 B A IR ZEAR (25°7'35.7"N,
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AT B335 BERT A B2 A 1
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mmA{11.0 g (Table 1) « FE B WML IRER
FPearsontHH AT HESTEER - MHBIREER R Ry
ro RENEFHEREERREREEHE ST
HHEA (= 0.76-0.88, p < 0.01) > [ELRE R LK
JETEAHRA (= 0.36, p < 0.01) » JFEA/NLE HA
FreflF R/ N E R - R HREEAERE (o =
0.08-0.30, p < 0.01 or ns) (Table 2) » Ffi T-fElHEREH
O R R SRE RER AR (Fig. 2) -
ARSI 2007 HL AL ta S Rz R KR - 31
s R » WIEENE - £51.78 £ 0.28 mm
(e IME—He A fE=1.23-2.17 mm) -

ARFSEER e Rl BEET (full factorial

Fig. 1. Infructescence of Bretschneidera sinensis.

Table 1. Morphometric characters of fruits and seeds of Bretschneidera sinensis.

Number Length Diameter Weight No. of seeds
(mm) (mm) (2) per fruit
Fruits 400 32.0+£3.8 27.743.8 11.3+3.6 3.3+1.5
(22.4-44.0) (18.3-37.5) (3.4-25.1) (1-10)
Seeds 400 14.9+1.3 11.7+1.0 1.0£0.2
(11.1-18.4) (6.7-13.9) (0.2-1.7)

Note: Numbers in brackets are the minimum-maximum values.
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e e o

Fig. 2. Various maturity levels of Bretschneidera sinensis seeds

Table 2. Pearson's correlation coefficients (r) of morphometric characters between fruits and seeds

of Bretschneidera sinensis

Seed Fruit Length Diameter Weight
Length 0217 -0.31" -0.28"
Diameter -0.17" 030" 0.08™
Weigh -0.17" 0.13" 0.08™
No. of seeds per fruit 036" 0.76" 0.88™

Note: ** p<0.01, ns, p>0.05.
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Hr o Gohy# 4P fl T-#80 » GtHI RS2 I fl
FHE o SN - {EURElls and Roberts (1981) 22
2 0 FESEEE ISR (MGT, mean germination

time) :
MGT =X(nxd)/N

Hrbon = FpAPINR AR d = FEFREE
TP N = TR BRI R A R TR -

A [ AH A B B T M 1S 2 T i AR R
FARETHE T IR BRI 22 - D
PRE & A R P 2 A R AU - ST LR
£ SPSS version 20 (IBM, Armonk, NY, USA,
released 2011) HE/TEF I MERA (generalized
linear model, GZLM) ;&E& » GZLMEH —IE=
G HC B logitli Al PR BB T AR B 2P R B 47 LEE R
e R LAR IR - SHRERRRIE ~ T R LRk
K GAIZ 3 EBA] > £k ] Typel Z Wald-R 7
F B T TR #7 LLleast significant difference
(LSD) testiffTH&ME (o = 0.05) » fHF Ak
B 2 R B )85 2 I [ R L IR - 5 SR o A
(one-way analysis of variance (ANOVA)) $¥1%%
FRIRSEMEAE T2 B E - AEER A Tukey's honest
significant difference (HSD) testiE{THBME (o
=0.05) 5 —F 5 TPearsontHR M43 AR E
MR R B by

TR — B AR TR

R

5 KR 1 1E o 3914308 56 IR A9 o A 2
AR > SEOREEEF - ML T R R 2% o T T
MEF A o R IR AR > W T EE DAL
FERE R BB AE £ > A R SRR 25
TR o R T IEH £ 35 (hypogeal
germination) e

T T 3 2 R e A 2P R B bR P T AT 5% -
IR T (Rl - -JEGA,) » FERE (3R
ERESIRIEF » Bk R R 0% - KA
MR -GAIRIZ T FRHESEREIGHE - 6
T TR RE BT A R R B - B R
Fy27.5% - ARG AT KBR-GA R FE T
ARG - EFTAREHE T TR
HE > SEREHRIEMESL.7% > FEtk 24%
RN - R EE AR RIRE R B
B R T565.0% - EHTAIEEME T iRm
B o -7 B KPR - TG A IR B R L R T - 1578
BRI TES  ERETEFRERE > HES
12 A FEIN > REEZFHICIR - R
RF52.5% - S FITA alE e B A 2 SRR
S0%BRHEE o HlE - AR -CAIRICRE T
R R  E —RiRE T3 - SRR
R 32 BeA AR 0.8% o T RA-RE
LFR-GARZHE T R EERMAES &
e PANDP IR AT o (AN I Rt R i
HEREETE - AR 3 RERRE T Y
INREBE - BeAd 2R Ry26.7% - F g M-l
PR-HEGA R B R SR T - REFESEMRBHIATE S - 8
ERRE T REFRE N PR BE - Ak
ZHHI18.3% (Fig. 3)

DU A AR AU 7 A 25 M B P A o 1 B
FRZS  AEREURRERRE  E N T AR
BEESUUME > ELTE B SSUMERS AT BE S - R ARY
PR R R R (R R TR R
RIREHEE  GAEITE T 5o F 2 RAR
725 (Table 3) « BR IR ~ TR EEIA] 12 REAEH
ERFE KA > HER IR AIEAER (GA; < i
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Fig. 3. Cumulative germination percentages of Bretschneidera sinensis seeds under different
combination treatments

Table 3. Effects of different sources on final seed germination percentages of Bretschneidera
sinensis with a generalized linear model analysis.

Type 11
Source
df Wald Chi-squared P
(Intercept) 1 91.275 <0.001
GA, 1 2257 0.133
Temperature 1 39.221 <0.001
Decortication 1 52.643 <0.001
GA,; x Temperature 1 0.757 0.384
Temperature x Decortication 1 3.964 0.046
GA, x Decortication 1 0.055 0.815
GA,; x Temperature x Decortication 1 0.750 0.387

df, degrees of freedom; GA, gibberellic acid.
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FoI8R (Fig.4) - MGARMELsT - T LFRE
LI BB 2R (Figd) © (EAE{RIR M
& REREER (Fig. 4%) 0 HIRE x GANIARE
B AREAE R (Table 3) » FORBUERIE © KR 2K
B ER AR R R R L PN T
GAJIRRER T {ERIRER ME— &R -

B 7B R T R A A R

TR — B AR TR

[l > HERTHE PRI fl S 2R IR (MGT) &%
163.1-7.48 2 [ > Hr4°C-Naked-Water fiz /5
25°C-Naked-GAiAK » MGA R IEEEEAEA R
J R A 7R B B R SR A A IR B
R (Table 4)  JtEHh » MGTELRAL 2R AR
EAARIMEAELE (r=—0.008 ns) °

SE

BEATBTHEREEHIRE
Parolin et al. (2003) Fa7nE 2R UL 31

80 80 80
= wzzz2 4°C = Naked = Aa Naked
2 == 25°C = === Coat S === Coat
g 60 e S 60 7P g 60 ;/;?
-é 40 B g 40 Ad 7 g 40 %
s i g 7 % g % oo
o
z 2 Ab Ab ‘_:“’ 2 % % g 20 % r

0 0 Z) 7 0. 2 2

Water GA; Water GAs 4°C 25°C
Immersion Immersion Moist stratification

Fig. 4. Histogram of the 2-factor interaction of treatments including stratification temperature,
decortication, and gibberellic acid (GA;) immersion. Note: Data are presented as the mode-
adjusted mean and 95% Wald confidence interval; uppercase and lowercase English letters
respectively indicate significant differences between and within groups (LSD test; a = 0.05).

Table 4. Mean germination times and final germination rates of seeds of Bretschneidera sinensis

under various treatments

Treatment

Mean germination time (wk)

Final germination rate (%)

4°C-Coat-GA;
4°C-Coat-Water
4°C-Naked-GA,
4°C-Naked-Water
25°C-Coat-GA,
25°C-Coat-Water
25°C-Naked-GA;
25°C-Naked-Water

3.6+0.1° 275+32°
62+1.0° 9.2+42"™
3.6+04° 65.0+16.9"°
74+03° 533+18.3"°
40° 0.8+1.7"
NA 0.0°
3.1+02° 267+4.7°
52+05°¢ 183+58°

Note: Different superscript letters indicate that the mean difference among treatments reached a significant
level (Tukey’s HSD test; a = 0.05). NA, no data; GA, gibberellic acid.
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1.5 em ~ iEEA] g HEHE YR AR
FREEs » Rz YRR 1 3 B R BRI
3R BRI KK ARy T - MR
24 (Huang 1997) » “Ni# » Parolin et al. (2003) H4b
R IR ST - BAER AR RIEART
FEAERART » HH ] REW Rl FE - fEER
LN NS

B G R I AR LU R
NP 1 B A R kT 121 9 IRBAZL (Chen et al.
2013) » AWFFEAES H 43 T RIER 5 18 R B R 2R
" HEREET S MAREAAE S - BT
TR ELSL - EF AR - BURE
Tt HoA L S - R AR B R R
JEREFEHE (Shaw and Loomis 1950, Bareke 2018) »
M B ROR/NHEBT A SE AT A 1 - 7TRE
O E A MARE L ET A AR B - RF5E
R S A RIE 65 % o IR At AT A SRR
TR FRB R REIEIS%) RIE (Huang 1997,
Ma and Liu 2012, Chen et al. 2013) » 134K
FE & HE 1 B R B O 85 50 (Gurusamy and
Thiagarajan 1998) » i@ FERICE FHIE AR T E
RUBE PSR - SRz RSB BRI R5
BIMEETE (Bewley and Black 1994) -

HE A 7 B AL (temperate
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recalcitrant) » $E0H Rk 35 EUE - —EIEF]
TRz R B R B L 2 RE ST (Yang 2021) -
TEEE » SRR X oM AL KR AED
FAFRNRI LI P BR S (Huang 1997) > ATREELAE
TRETFRIEER - KR BB a2 0 MU 1 1 e
Yo EE AR F PR R T RIS
Hh (Tweddle et al. 2003) - FEAWFEA B EfE 4
T YEEIME O TH AR EEE  HFE TS
BREEORIAIRRE - Rl - HERRIRINZ SRS B 1 ek
BHRENRF L — - A PRI 2
T N20/10F115/5 CHHER AR R - B
REZEE N > A030F130/20°CHIFE T58 B I AHE 2
MAE30/15 ~ 25/15F125°CH B R R » B4R
EH13-16% » HERAREFIIEFETHBUE (Chen
et al. 2013) » FEEAWIRE FERERHTIL T EGTF
2010202 1R R AR IT - HUR1H EFEF3
H¥Emmi< 30°C » PR IR < 15°C (Table
5) B—HERROEETE RN » 2
SRR 10- 1T AR - IEEEEGE S
& HorIAEI -

T RREEY) P B AR S - HY)
BEBRNEN —EREEE - R AR B
ZERE] A3 o YRR B 1A R BE TR A I 3 1
Z RS (Baskin and Baskin 1998, Fenner and
Thompson 2005, de Casas et al. 2015) » fR4#Huang
(1994) &R - SEEARRE NP ERE T - H
FEF BB E Ry iy 6 mPE R Ry - HE
RSO R R R Bk 2R - RIS AL - 3%
MR > mMEEAE RS ERETER

Table 5. Average monthly temperature (°C) in Rueifang from 2010 to 2021 (data source: Central

Weather Bureau 2022)

Month

Temp.

6 7 8 9 10 11 12

Maximum 246 269 289 312 339

Minimum 7.8 8.6 92 11.7 168

Mean 153 158 174 205 241

354 361 357 346 315 291 264

211 233 230 19.8 165 132 8.9

26.7 283 279 263 232 205 16.6
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T R RIREREE A B A ERY - 5B LE 22 5]
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fEfE » W REYARTEF M > JEAEE
—{EH{EFFH (Baskin and Baskin 2004) - ZEfi &5
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and Baskin 1998) » 4[HEERTIT (Arabidopsis thaliana
(L.) Heynh.) fEMRAEA: AERE - HARD AR TR B -
B B 1 RHRPRIE (Chen et al. 2014) > #Z
M BRAEIRBE AR NI TR IR R
(Schmuths et al. 2006, Huang et al. 2014, Burghardt
et al. 2016) » HEWIR R FRETABAA YIS IEAE 57
B8 WS R R PRI R IREREE - 1L
T Y3 5 R B R T T R BR R R R 0 B
% (Chahtane et al. 2017) » #[l[E/Huang (1997) #$3H
K1 Lttt S S A SRR A R % (75
vs. 11%) » EREEIFERRR - AR E % i

BEAETREERWRE T

IR IR R M T R ERET » FET
1L 254 (Baskin and Baskin 2014, Chien 2018) »
Baskin and Baskin (2014) B TRIR3 RS AEE »
FrR DI A B R IRIR A o il » R AR RE
(R E I SR e T i - BN ~ RS~ 4b
MEAA/ B 7 (Nikolaeva 1977, Baskin and Baskin,
2004, 2014, Finch-Savage and Leubner-Metzger
2006) ° FE-7-AE BORHR AT AR EL R 43 Ry ORI ~
R B AR 0 RS EE T AR A
fRHR (Baskin and Baskin 2004, Finch-Savage and
Leubner-Metzger 2006) » 35 fi A A PRHE 7] DL
AR (< 2ME 7)) AERER - 2 (HZMREE
17) SUBCEI IR R B AT - AHF SRR IR S
ARHEF R R B A BEORHR - AT 4584 CE IR
JEgtE ~ 100 ppm GA, =0 St fz FBift & 5 =g
B LRI IR AT A R R 3 5 e R R W 19
FHeST » EHER IS - Hdr - R R e
i 7 v S A - R PR P T B 2B 1

TR — B AR TR

(Table 3) « [ESFFT A RAMZERER - FBFEA
T IRIRAR G IR IRE A T MRIRIRTE: ~ B
AR BRI S TR R AR BERIRETH 2 (Yang 1992,
Chen et al. 2013, Chien 2018) °

FFL AT IR ALHEAE (Prunus
campanulata Maxim.) TE255 2 HiHIFEE1EIEE E
SRETREIRIR - TEHA TR R i F AR E
HEFSL - RRERBE R &R GAN R R
FHEIIL - BYIRGARHEY (Lee et al. 2006) 5 [
WGPk (Prunus persica (L.) Batsch.) (Mathur
et al. 1971) ~ B8 Ef (Corylus avellana L.) (Williams
et al. 1974) FI5E5% (Malus domestica Borb., cv.
Antonéwka) (Halifiska and Lewak 1987) ZE4¥fdij&
HEE - (KRG B H R R AT TR R B
LAY R SRR R R A TR - H
Al AR AR T -

A FEF M MEACE F B - A
T > e R A TR T i i R S A R - — {1
o B D DR A R A B AR AL - T R
MR ~ ERABM: ~ TR BRIZIR (Villiers
1972) o BESRAI S 38 B A iz 25 B ] 2 25 0 i
TR SRR & DARS B R b i
SR -3 AR WK - ARIB S AT 1 1S R
HIR BT - SERE [FR S — YA B —
BREASME R - SRR B ol sk ik
ARG B 52 - w5 L P 155 SR A
(inner aerenchymatous) (de Craene et al. 2002) » H
T Rz W RN B L s A B AL G SRR B
AR ST ARTE 1T B PRME 2 AT B Thfd
R T R S T REAT e E AN ABAA: AN » FHIE
M3 — HRERERR - BRIk K4
RIBEERIN » —F LR RHIHIH] -

A MRS BRI 2

BR T ESESN > AWTSE R e R R ELA
RIS IR T AR AR ER
P BRAE BRI AR T A B 23R - IR RESEAE
(R A T3 Ry HAHR (Fig. 4) - BLBIZRRIALIRAR
SRR T RGN TR I LA T 2 R4
gt — R R P AR - 12
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THEMAEEAEN T - R R RIE
Bak o BLAh - FEYPBRS RN X SRR
AR B FIERET - BRI R SRR
BHE S (Vishal and Kumar 2018) » HETE#E & H
JUREEYIHEE Bl ESR (auxin) ~ flifEss 2
% (cytokinins (CKs)) ~ JEhHE ~ Bt /EHE (abscisic
acid (ABA)) ~ Z% (ethylene (ETH)) ~ JHZEZERN
fig (brassinosteroids (BRs)) ~ 7KA5HEEE (salicylates
(SAs)) ~ ZKFIFLER (jasmonates (JAs)) FIT I
Mg (strigolactones (SLs)) (Gomez-Roldan et al.
2008) = FETE T-HHEH A B AR Y AR B SR A P
FIEGAFIABA (Visha and Kumar 2018) » ff —%
IR AAE RS IR R (Kucera et al. 2005) » 1E{K
WRJETE T - GA/ABARYILIEERS » FAKIRAE T35
WA - T A A ZSBRAE B2 A B B R
EIRTERIABAS &= TR - K] B GATRAG B
TGRS B3R - SR TR 2 SR -

Besh > R A RACERANGA L g G Ik
MR - T e AR E T GA BRI ZMg N
(Hauvermale et al. 2015) - ZFZREINGATE RfE 73
FIEEBIRIFERI - B RARZEI KB LA
[ GATERI A PRIRAE - - WU AR T
TEARARTE K (e.g., Rascio et al. 1998) = Fii ARFFE4N0
Lietal (1997) kMa and Liu (2012) £535H 4 MiiGA,
AT AT T RIRER G ST TR -
WEAARMTE - GA R IR A e R R B |
AR BAR 8 2 SR AP A A » [RIIRFAARA
BRI RIIRASE B KT AR AT BRI
JEREWRIE T » GAZ BB RERIE TR T IS e 5 R
(Fig. 4) ; [FIK} > GA,RIE L REERE #E G V395
PR o (EHERE LRSS (Table 4) - 3 ERTREE
B o MG A B T AR 3 2 A AR )
o FRHRH TETEES L TR
FRERAEE L - BRI IR 2Ry 2F
T SRR E A -

f&iam

HEATHERE RS [E A AR
FEEERE  HRERBEE MM T TS IR
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Fe o AR S - AR T B
RIREER » OB TR © ATt Baks R
AR B B R A PR - 843
4°CIEIRE RS ~ MIRZABR > F5100 ppm GARiH24
WG PEE R T - AR R AR
TR HER A e AR ARk -

B

AW TR SZEEARREEEEZRTCEE
BroeEtE TR Y R LSRR B
HAEETE ) RCEHEE) - Yt BRI
fEbR > BRERE A LAEME T EREE LAVIRE) - (EIEEK
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