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Effects of Gibberellin Treatment on the Dormancy-breaking and
Germination Promotion of Carpinus laxiflora Seeds Stored for 16 Years
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2 o & AFolde 159 ol A7) ARE Mofup FAR &Y Hrie} FAlol, Aojur FAke] F el Al7iet
ABE NS R HA AR 23e 23k shh Aolu FAk= 20001 109l AHste] 1611 -18°Cofl WE
A A& ARSI 419 A S Bkeh] e AEe da 2% A27H23ColA 307D, W A
TH4ColA] 30, 45, 60, 12097, T2E 274100, 500, 1000, 2000, 3000 mgL' 2] GA; -§Hof 24417 ), W&t
z2E g A4 TColA 3087 ¥ Al F, 100, 500, 1000 mg'L" GA; G o] 24A17F AR L5k AHA|51A
ok A S etk WoRe 2% AL, 255 A FAY] Bat WO 10% Atk W AR FAs 45Ut Ao
A 7P =2 81%9 Wokgs YEllen, 1209 Y AR $A= 7HE W2 67.3%2] WokeS Yehth AHEd
Al T ot Wokg-E 77%(100 mgL)olA 99%(1000 mgL)o] WIS Uehyon, He) = 7t FAHCR 2}
o7} F5letgict. AMldY A2 A= 500 mgL #1000 mgL oA 7g Etom, 100 mgL oA 7P whoktt. ¥
Al 3 A S W A7) 2 FAY] Bt Woke 8%, YE T A2(73.2%) 2 AHH T T 2] 2|(88.4%) Tk
W2 ae UERTh o] 7RA 9] A 2lof mhE Ao FARY] ol EAS FHA SR wadt Ay, gt dolge] M
2 AR 500 mgL! A7 A7) ARE Aol FAe] AL Y5 7P Ajel log waE gl &, 18T
oA 16|t AgE Aojubr A= w2 FHS frAlshL Jenz Ahe AA2E sk AL = Slek

Abstract: This study assessed the vitality of Carpinus laxiflora seeds stored for more than 15 years in order to
discover optimal pre-treatment conditions for removingthe causes of seed dormancy and improving revitalization rate.
Seeds were collected in October 2000 and stored at -18°C for 16 years. Experiments to assess the revitalization ability
of the seeds were performed under the following conditions: a controlled environment; in warm stratification (30 days
at 23°C); in cold stratification (30 days at 4°C andfor 30, 45, 60, and 120 days); gibberellin (GA3) treatment (24
hours per day in GAj3 solutions of 100, 500, 1000, 2000, and 3000 mg'L']); and both cold stratification and GA;
treatment (30 days at 4°C, then in a GA; solution of 100, 500, and 1000 mg-L" for 2 hours). The average germination
percentage(GP) of untreated seeds was 2%, and the average GP of warm-stratification seeds was 10%. Cold-
stratification seeds had the highest GP at 81% for the 45-day process, while the 120-day cold-stratification seeds had
the lowest GP at 67.3%. The average GP of seeds treated with GA; ranged from 77% (100 mg-L™") to 99% (1000
mgL"), indicatingsignificant differences between the treatment concentrations. The treatment effect of GA; was
highest at 500 mg-L" and 1000 mg-L", and lowest at 100 mg-L". The average GP of seeds treated with GA; following
cold stratification was 68%, which was lower than the cold stratification-only (73.2%) and GAj-only (88.4%)
treatments. A comprehensive comparison of the seed germination characteristics according to the four treatments
determined that a GA; 500 mg-L" pre-treatment, with the highest average GP, was ideally suited to the revitalization
of long-term stored C. laxiflora seeds. Consequently, C. laxiflora stored at -18°C for 16 years indicated strong vitality
and could be regenerated by proper pre-treatment.
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A AU Carpinus laxiflora Blume)= AR Betulaceae)
Ao Carpimis)el] 2531, = o], L, F
SR)o]| B3zt GPuE o 72 Loose-flower hornbeamo]z}
L e A3 ek AojuRae Selvel e 4
Yool A SHYE FHYS ol R pEo ARAE
oA Za3k A= Hstal QIck(Park et al., 1991; Ryou
et al, 1996). T3, -2y} Aojubies @] o5t
9 R ”‘Ol Hal glow, 20| Aldsto] & Ze}
AR of 7Y FHEe® ARSHAL, FAHA
Aulg == A of7] A RE o] §HIL Utk 53] Ao
URe oo Bripze Hi} Yt Aow A4
Agom olgel/]E Bk

A} Frwlole A7) wololl kgt 7o) ol 2Lgel
® wolshd o Aths Wohvl(Baskin and Beskin
2009, 5] B2 o] & LAY Ao
A7) dbotsl= AL | 1) # Y Zo|ch(Black et al.,
2006). FAFo] FHE ?—f—tﬂ—% TtE= T2 BelE 7=
© & dfj(embryo) HFoAl Lojub= 2]<Q1/d(exogenous)
Hak vl 2 A dojibE UlAd(endogenous) FHOZ
Urr, Z150) 248 WA of whet &2, Ae 2], FEA
FHo g ALESIR|THFenner and Thompson, 2005), A
FRolA= & ool ¥dle] SEE UEue S5
_§‘_\:H_E u}o] k= o)

221 5L HAEst 7|7k
e B Az, sErEA
U, B 2% = 33 e
SOl S A AAL 4~ e
S ARSI 98 % A ole] As a7
(Bradbeer, 1988). £3], 2|4 F1& 7}A dFE AUE
7 FA9} Zol woluly) 918 B} 2L weo] Be
3t F %= 9™ (Nunez and Calvo, 2000; Goubitz et al.,
2003), FpEFU SRR SRR ol Wolshr] fie]
A A 227t o3t $F = QrhMuller et al., 1999). E
o, E0] e AR S8 AHALAGA), ohEA]
AAHABA), APOlEZ Y 53 7o ABRARAEAS
o]l &sl7| = 6PE}(H1lhorst and Karssen, 1992).

Aojupiid: FAES 292 F A FHs 4
7} R B4 AT 9lo] Wols fEsly] $ig 44
st @A BAo] Wbl Wasich AwHoR Aol
7 e ér 42 ehtely] e AL et &
TE AR, o]@jdt AT E7HSuzk,
2000)% g%— At} 7K(Giiney et al., 2015; Ozel, 2016)9]
£ Aoz} Qi) o9& 59, C laxiflora, C. tschonoskii

f
e
T

it Al108H A|435 (2019)

Maxim.2} C. orientalis Mill. £2}2] T ElulE ¢J3lA]
= 71 o) W A2 SE5HA T (Suzuki, 2000;
Pijut, 2008; Merou et al., 2012; Tsitsoni et al., 2013), C.
cordata Blume A= 107]€9] 71 Y& A7 7|7to] &
Rﬁ}q—(Suzuki 2000). E5t C. caroliniana Walter®} C.
betulus L. ZA=L 24 Aot Y& A7l By of
of air} S{ll‘/}(Bretzloff and Pellet, 1979; Baskin and
Baskin, 2001; Czapracki and Holubowicz, 2010). 3}t %]
MEe A AoRs FA0 Ful ehute] Kt
Sl Ao AR, AL Ae Aol &
Z}o] drolg-2 Z7}A]7] 1(Pipinis et al., 2012; Zhu et al.,
2014), Y5 A 713t 24 5 Qe Zo=® Hista
) tH(Czapracki and Holubowicz, 2010).

FEuetol A Aofubiis B, oA B 7 5 Tk
& 2 7HA] dizel, *XM 24S tH|st] A=
ko] dx|Q] HES AASHL ik AR HES =
= AHE T4 FE] AsE glo] 7hstt L3Ee HE
3= AojthOzel, 2016). I o2 EX= 2hF 3 A7)
HES 98l —18C o] A2of AAstaL glom, 27 7H4
oA Zx} wolH 1} xR E(revitalization)o] T4 sH7| w
ol 71407 F29 &S HARoF gtth(Food and
Agriculture Organization of the United Nations, 2014;
Redden and Partington, 2019). o]|23t A& & 9o] {7
L 53z o9 o)zt 2] ujRe] FapHel Tzt
A El FAE = A A 7IXte AHsks A F
o] #x e BE 9 s flsiA Fasith

71% Aol =W, Aojuirs FAe 8 e
10%=2 2A3te] 3CoA 1471L7 AA S &8 74
7} 9 S H(Bonner and Karrfalt, 2008), A& A A3t
AT AL FAF A Al 29714 Aol Thssklet
(Rudolf and Phipps, 1974). $tH, S-HAAUT(C. betulus)
TAE TR TS 8- 10%E AxT -, e E45H]
AT A9, 3CAA HAa 597 AAo] 7hssirtal B
15kt (Bugala, 1993). Z12juf Aofubi FAko] s
15 ool 7] A%l tiet A= of&7HA] Kk
7‘401 °*°1 Aot 51}94 1” A A% Ao W E
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Table 1. Experimental design for seed germination test of Carpinus laxiflora.

Treatments

Pre-treatment condition

Control
Warm stratification

Cold stratification

Non pre-treatment
23°C for 30 days
4°C for 30, 45, 60 or 120 days

GA; 100, 500, 1000, 2000, or 3000 mg L* for 24 hours

Cold stratification + GA3

4T for 30 days + GA; (100, 500, or 1000 mg L'l) for 24 hours

Mz A A

1. ZAIME

B Aol AREE Aojub FA= 20009 E3OA
A=Ak JHE S A & 54 B7HE HAS
Frk TR HYFLS 448 g, Ht A7|= A= 311+
0.17 mm, T3 2.64+0.19 mmo| ™, g EatEe]$ A1F 2
o, ST HE 93%3ATh TR A7) AE 916
SBO 6%E 2AE UL, -18C A& M= o] 161
b we = Sk

B71 AR AU T AN w8 BRI
Qfsl ALl A Ao SAME o]l FAT T
S 7RI S 1A SRl 124 5% A
SFRaL, 7hetehe FAREE AEd0%)ste] Aol AHS-

s}t

2, ZX FH Eht x2|

TA A 8-S kel 9 AEE "2,
A+, d5 A, 2R AP Y5 22
Al Atz FEsto] AA|SEITHTable 1).
25 Ale TAE FFTE A4l AAHO|HE
, THAL Z ol E-A]oll Yol d4t5 9hA] o2 AH
23CE 2449 duolglo)A] 30d F<t AAIEH
35 Aels S702 A4 dAHo|HE TAE
ol Ao Y& &, AGE WA 2 AHE
4°C YAFarof|A] 30, 45, 60, 120 53 AAISHSICE 2| H|H
2(GAs) # gl ZAFE 100, 500, 1000, 2000, 3000 mgL' 2]
GA; 8o 24A17t 52t A5k AAsHATE A 2o
AHEE GA; 8- GA; 1500 mge: 15 mLo] o ets1-go
=0l & 500 mL 270 3IAmyr)(HB-203s, HAN
BACK Scientific co.)E ©]|-&3] old w7tz FE3| &
o|al, ZF4E 3000 mgL' GA; &Mo] HEE 2Hs}
k. olFA wkEoj%l &AE FEol A 345 A}
S35k Wi At GA; 5A A= 4TolA 30d
7+ W5 &2t 22 100, 500, 1000 mg L' GA; £

| 24413F B9F AAsko] HelB AAshech

fa rfo

offt mf»

2

3. X Lot 4 ZA}

7] AE Aojubt FAF] AP
A 8= N f13h 2e AE2
7k HdE 8AIZEe] F 2o R HAAE AR ¢kol 9 mm
217]9] Eer W= e)cj4fol of7kA|(Watman No. 2) 2
A 20 FHRSE A7 AojuR SAE 2594
4 HHEo 2 vjA|sto] AASHIT FAREE fto] U
oF 1 mm o WO &2 SRRl AL ol Ao
nESgen, 35U WolE 2ASHOl B4 Bk AR
= AbgshTy.

o} 2APF SRE 9, A2 Wokgdt Faflotds
£ Aikslict. wolS{(germination percent, GP)= A3 o]
AR T FAF ol iR ot AL SR Y7IR| 9 F ot
9] "z Akslg o, Haoldgy(mean germination
time, MGT)= Thx Ale]l o8l Al4tel3ith MGT = X (n
x d) / N, o714, n& AL G o] Wote Fx} 4, d=
Aol AlZtE IRE AakE 77 N2 Ado] TRE
A7 olE F F4 oItk

pus

39_4 o

4. 72|

Hz)zre] folide Helsly] SlaiAl SAS (SAS institute
Inc. USA)ZR 18 E o] 8315t GLME o]&slo] o
ujx EAFEH(One-way ANOVA)S AIA|3}iL, e
7k 7o) = Duncan®] ThEAHS ol &ear). Edh, 7%

T B4 AW 24% 37 Sistel, HeER by

o

Bo ol A4S Holt 27 7t BAEAS A
31, Duncan®] THEA RS o] g3ke] He] 7k 2ol 2 Bal
stolrt.

2 1

1. 25 *2let 45 X2 st

71 A18C, 169)E Aojuhi FAE A ¢l
o] 25CofA o7l Ao}t A2 AL Hit 2
3ColAf 3047t 235 A2eh §, 25CoA o7l 2
Y= Figure 13} g 7212 $AF2] ot Hoba2 2%
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Figure 1. Germination percent and mean germination time of Carpinus laxiflora seeds pre-treated with warm stratification (WS)
at 23°C for 30 days. Seeds was germinated at 25°C and light condition of 16 h/8 h (day/night). All the values are mean of
four replicates + standard deviation (SD). * means significant at p<0.05.
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Figure 2. Changes on germination percent and mean germination time of Carpinus laxiflora seeds according to cold
stratification periods at 4TC. Seeds was germinated at 25C and light condition of 16 h/8h (day/night). All the values are
mean of four replicates + standard deviation (SD). The same letters are not significantly different at the 5% probability level

by the Duncan’s multiple range tests.

AT, £ APl FAke] Wit Wobke: 10vgichFigre 1).
23 A F 34 Bolge dael W wnY
(r<005). Th§- AZ513, Fdaol A 1040l 2l
Aol Fxte] FWl et 9lg AXRA
Hele Bae Brhsh] Slstel, R4 A4l YA
oWz FAE WA Eeloldd ¥ P T YT
S upx) e ge| 4T PPN A AE F He 7]
Zhel) WE FAY ol SRS 2ASHITH(Figure 2)
W Ael Jgbel w2 AojuR Faje] wolge
Ad o 2folg WrhFigure 2, p<0.05). 45U7F
Helsk A7 7P B 81%9) Wolge Ueho.
10U W ARl S 1 e 673%S] ol s
EPTh EQ BRwotAsE Hel sgke] wret B4
& Aol wolthFigure 2, p<0.05). FAolUsE 60
A7k W Ael A 67U A Aglow, 12083 W

o 2 mf} o

_;

&

Az A 07U 71 HIkTh W AP 24 A
@ wolg 10%) 1Tt BTHel Ao ehon, Wi
A2 713 wobgol 7V Rt Wuoldt wet

® 45%00] 7bg HEY Aoz W

2. X|H2 Xz2| ot

A 7] A Aojui 29 A 58
FRIAZ17] 1ste], = ®A A 2|2 A9 = Slck 2|
A7 HA 2 s W FA; ol 42 Figure 31}
2ot Aoy FA= AHER AA &2 Holgol
3A F7psiqich AuAb o s Al x40 Hit
OF-&2 77%(100 mg-L™)oll A 99%(1000 mgL)2] 9
£ vetlon, dAe 5= Ik SAHOR 2pol7t F3
St tHFigure 3, p<0.05). A&7 A2] a7}t 7Y =2
=T 500 mg LT 1000 mgL'o]$l o w, 100 mgL'o]



AjE) Aelol) mE Ao 169 A Fxho) Frulek) ul wolEa ww 535

100 —a 8 be "
_ . _|—_ T
£ 0 T
H
2 60 -

-3
*E 10
E
& 20

[} : : : .

100 500 1000 2000 3000

GAs concentration (mg/L)

3

15

Meam germination time (days)
E

Manllf

1000 2000 3000
G.-h concentration (mg/L)

Figure 3. Changes on germination percent and mean germination time of Carpinus laxiflora seeds pre-treated with different GA;
concentration. Seeds was germinated at 25°C and light condition of 16 h/8h (day/night). All the values are mean of four replicates
+ standard deviation (SD). The same letters are not significantly different at the 5% probability level by the Duncan’s multiple

range tests.
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Figure 4. Changes on germination rate of Carpinus laxiflora seeds pre-treated with different GA; concentration after cold stratification
at 4C for 30 days. Seeds was germinated at 25°C and light condition of 16 h/8h (day/night). All the values are mean of four
replicates + standard deviation (SD). The same letters are not significantly different at the 5% probability level by the Duncan’s

multiple range tests.

7byg B3} dokeh AMA Aelo] ne Fols
E Ae sEER T Aold Btk 3,
p<0.05). Buollt 100 meL o)A 82U 71 23]
o0, 500 mgL oA 52902 71 ek Holu %
Aol wobgat BdotdsE 7 E O 3 AuPze]
44 Ae) FEL 500 mgl'2 TerE| e,

3. 45 Aalet x|HiEzle] HH 2| Fut

7] AE Aolut FAe] A mEs ST
A A A2 Y AR e AR A2 W
Fskz Zloey WE #2jek AHHe Y A2l
A2let A HAY T Z2]of Blsf Mofupi FAHE]
obg& S7MIZIAl Feldlen, AHEY FEof wE
A& Aol el ek ekth(Figure 4, p<0.05). =,

:19

of 1T mfx

S A2l & AMALE AN ISl B Yo
%2, 4G 5 ALUT20% A ‘EJ S E
(84%55) W S elsich. HaUoli 429

s ds x%31(3.4 d) Hrte= aai AR g
A6 8Dtz Foko, A A2 gk gtoll=
Aol 7k Lol eh(Figure 4, p<0.05). whepA] W< =2k 4]
HElE By Aels 159 9 ARt a8
23t Ao woEch



oﬁx}(orthodox)i, B 3RS §~10%2 AXRSE &,
g ZAste] AT A9, 3CoA 6~10A7E 7\1%‘5‘
4= ok g4 ¢JthChmielarz, 2010). 184 £
o) AH-E HOLH(C laxiflora) A1} o] 159 o]
I8COA A7) A% o 8 7} ATk ot
g o] gt}

A Ay, FAY Aojut FA= A otk
AT W A2 T8 GA; o2 [AA DT FA}o
Hhobg-e Wat 75%E WA Eokr)

durH e g2 Fa0) 25 Aele s FEFA 8t
T F 9 3719 §852 SAsto] ol a&S A
gtk 53], 7t &S] AdsshA] 55t wissuoll A 71
Sk vl F SRR A9, 255 A9 ellA] wlizt Ad<sst
o] HAkA o] dholr} 7155} cH(Baskin et al., 2002). 12U} &2
AtolAl, 25 A= AU SAke] Woke(10%)< o

2%)Ee 74 Plh 519 S U (p<0.05), AJoIUE A%
FAE AT AAE Fre] Aele ehds] A7 s =
w5k Ao gerEh oA AojuR FA19 fuo]
W) el E ke elo] FEE Zloju, A% HAol
wols 28] alHE o4 Az olele] AA}
B asiths AL W 2.

7120 We AT Aol A, Holuh FAE 5 A
Zlet Y A2E Hyste] AT A, Hots st
= Aoz BuEdch F219 Y& A (stratification)+=
FAZE Hopstr] ) &nlstr] f1% Alzkolt: W2 F
A Holstr] 93 W AWte Rk FESHAT
(Young and Young, 1992), =] whe} &5 #2294
5 AY 255 8 sk ix}ﬂ Utk o] &2 A
=5 A7t WA 3" 5 ds ARE et
(Densmore and Zasada, 1977; Young and Young, 1992).
SRAOIE 410 Ao 1248e) £ Hel F 23
M AL A2 4, FHol AAEs Aoz d2A
Q1TtH(Pijut, 2008).

&2 AFollM= 719 d+ 2aeks vEA 25 A
2] flo] W At shyleh s ARt Aoy &
A2 AP 7E AE Atz FAEG gogo]
A FE e, Fatdoldse oty 53] 45
A A2l A 81%2] Ao Hokeg Yl on, it
ofdat: 22U= vl ke

W Aours: FAHe] W AP Hijoket w2 W
A FHe st Aoz dHA =T, C orientalis

£ 71087 A45 (2019)

FA0) A%, W A2 A gk A s Wolsh
A ARk, WG 371 A9 Al9] Hokg2 100% st
A Z718cka E3E a1 Qiti(Merou et al., 2012). FE3EH
W A3t C obetulus?} C. orientalis®) FAF Wolg
47H9é-] 5 ZVz} 45%2) 84.2%7}A] Ab43F9 th(Pipinis et
, 2012).
Vena we Ao 9o
£ Tt eA S8 SEUL DAl P43 o
sEote] sjmo] WYHES fEsin, Wolo}
% QoA WAYZE B4 HAZICHDastanpoor et al.
2013). T3, E4 §HRKSPT, PILS):= A=A W AH|2

A WA el B A SR A

% A2) Al F SR BEe domA FHo)
=t I A K Graeber et al., 2012). &2 A5 A3}
HE W% AZe Aolds Fael Aed Fag A
stof ool FHA o Agstglon, 45U Fh
HEolA ol Hardold s AMHE Ao@ 1

Ehytt} ol2et Aih= Hoﬁ)r“ SAZF ik wlfell A
& FHS 7= AL 9u|slH(Merou et al., 2012),
<5 Ay gloj= L""ST Aejuto s FHs] FHO €
= AAT & US HoFAd

E3h FAL] WolgS A Sl Aud Rt Z2
AR Z - A7) 0] 85 7] %= gItK(Salisbury and Ross, 2000).
AHFH(GA;) ] A 2]= FAHe] WolE FXA]7]4, ot
7} gAY dholsli=d) AJ7tke] @8] A7 EX}o] Hto}
22 7T 4= QJthBewley and Black, 1985, EL-Barghathi
and EL-Bakosh, 2005). XH|Z2H-& dro} 1} of A w2 E
g WEHH, 54 #3471 mRNAZ A= o] 7
3 &l a-amylase% L4381 A| SFo(Taiz and Zeiger,
2002), £x}9] Hrol5 7%t Amen, 1968; Galston and
Davis, 1969).

oo AT Aol M, GA; Helt Aol Frrel
FW A AAskE e wRH RO Bewg

ok GA; A 2le Aoju Fxke] wolgg | 99%7t

A F7HA R o, Hardotdek 5282 Atk o] gt
TA] Wolhg2 W AEoA Hoj: Ho Hobg
81%kth =4 7|AE Axjolcth

w2 At AaolA, AHES 3t A2 EA =
FEC WAIGlo]l TR WokeE 15% ol FAITI=
Zoz BIstgon, GA; A7} 500 mgL' 7 H=
7t #2455 ot £ E= A0R B¢t Cho and
Lee, 2016). ¥ <oA= Au& 500 mgL'z} 1000
mgLollA] 22k 99%, 98% Wrol-g Lhehdl & 3haetg)
th &, AHER Al Ys AR o o A
oUbE Fx1e] FH YA AASHY, AwAA A2}

r
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Figure 5. Effects on germination percent and mean germination time of Carpinus laxiflora seeds by different pre-treatment types.
Seeds was germinated at 25°C and light condition of 16 h/8h (day/night). WS: warm stratification at 23°C for 30 days, CS45:
cold stratification at 4C for 45 days, GA500: pre-treatment with 500 mg-L" GAs, CG500: pre-treatment with 500 mg-L"' GA;
for 24 hours after cold stratification at 4°C for 30 days. All the values are mean of four replicates + standard deviation (SD).
The same letters are not significantly different at the 5% probability level by the Duncan’s multiple range tests.

YE AYE dAT = AS5S o FUth(Czapracki
and Holubowicz, 2010; Pipinis et al., 2012; Zhu et al,,
2014). G, AoiLHE Ffel] et AW} W)
Bl Age GAU Y5 AHE dEoz AAlRE A9
Hl3f| FAF Wolgo] F7FskA] gten, GA; A7 sk
7+ Hol = loiet.

71& At Aol A, W A9 A GA; A7
of] 9 Ao GOl 5% 7k Zol7} §
FAh &, C betulus TA A= GA; A 2|7
= A 4 QAL W AR 71 SEEAE
O}, C orientalis A A= GA; A7) 2-37142] 4
5 A SAEL golgo] A= AR, 471d Ys A
gl Rt dhofgo] Wrhal 519 ch(Pipinus et al., 2012).
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