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Abstract. The aim of this research was to investigate the effect of gibberellin on improving seedling growth characteristics
and enhancing strawberry quality in cutting propagation. Cuttings of the cultivar ‘Seolhyang’ were treated with GA;
for 30 and 60 minutes at concentrations of 50, 100, and 150 mg- L', with distilled water used for dipping as the control.
Evaluation of seedling growth showed a positive correlation between the duration of gibberellin dipping and growth
characteristics such as leaf number and SPAD value. Plant height, petiole length, leaf length and width, and leaf area
varied significantly based on the interaction between dipping time and concentration. Crown diameter exhibited
differences depending on the dipping time, with cuttings producing superior seedlings having a diameter of 8.0 mm or
more for all treatments except the 30-minute, 100 mg-L™" treatment. The T/R ratio was significantly lower in the
30-minute, 50 mg- L™ treatment, indicating the highest plant vigor. Quantum yield was lower at a concentration of 150
mg-L", showing a decreasing trend with increasing gibberellin concentration. Nonphotochemical quenching was
significantly smaller in the 30-minute, 150 mg-L™ treatment, indicating an effective reduction of stress in the cuttings.
Antioxidant content was highest in the 30-minute, 50 mg-L™ treatment and the 60-minute, 150 mg-L™" treatment.
Moreover, the results of post-transplanting growth assessment showed no negative effect of gibberellin on flowering
induction. Therefore, it was confirmed that gibberellin treatment during the cutting propagation of ‘Seolhyang’
strawberries had a positive effect on the production of high-quality seedlings. Dipping the cuttings in 50 mg-L™
gibberellin for 30 minutes is considered to be the most suitable method for improving growth and quality compared to

the control.
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7] A SE A B AS] vjAe AHEd YRse " AR G

ZAA| == A HEE, SA4l Abo] E7)d o] Qleh L FoflA
T AR T2 2719] U (runner) F/dS SA7]AL FH
R N LE NP e e e e,
9] A%} ZRof] &3}7} 9l Thompson, 1969; Guttridge 2}
Thompson, 1964). 7= %50l wheh A 24 9] ¥k i+
S04 =LA Zfo| 7} 9l e m(Kim 5, 1999), AH|=of| o
H G719 WS- A=A WA T2 43 Afo| &2 Qe 5
7t Zpo) & YEPHTH Lopez-Galarza 5, 1989).
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ARP A= 30Co] WAEEE F 2021d 79 7H 27
L HA-8AE(Myung Jin Joo, Homan Industrial Co., Ltd.,
Jeongeup, Korea) & 71551 3L E(24 holes pot, 60x34x
10cm, Hwaseong Industrial Co., Ltd., Korea) o] A-=-5}3Th
LA B AV 2] Ape] 2B L Table 13} 2k

AFER O A AR AR A WRle) 318 k)
71 18l k4= 412 AJo] 5 ¥k Dea-yu Gibberellin,
Dea-yu Co., Ltd., Gyeongsan, Korea)2 22} 50, 100, 150
mg L 9] 5= 2 ge|slo] A]2]slgir(Table 2). WAH w3
A A9 7155 GAs ol 212} 30, 6027t A5 S A& o 4F
B3)95, Z5 A2 i wolv

N

T

Table 2. Experimental table on strawberry cutting transplants according
to the gibberellin treatment at planting date.

zgl))mg time GA3 E:rzrgir_llt)ratlon Marking’
50 30(50)
30 100 30(100)
150 30(150)
50 60(50)
60 100 60(100)
150 60(150)
0 0 Control

“Use this notation for all figures below.

AFER AR 109 5t 29 QlollA] R4, )Y, 2
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Zone, Gungon Geotec Industrial Co. Ltd., Jincheon, Korea)
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el 2t A7, whAH, 3ol ARE 59 =2 el
SIS Sle) A8 oS 2714 0.2 Asstel Telsieich

-

2. MEEY ZA

AEA Y] 24, G 5 S5 S 2AFLRDA,
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% AES, QU4 55 2ARBIITE WA AejH A
(CD-20CPX, Mitutoyo Co. Ltd., Japan) & ©|-8-3]| A3
H, SPAD & ¥24 =47](SPAD-502, Konica Minolta
Inc., Osaka, Japan) & ©|-§3f| ARSI, JHA2 W4 =
A7)(LI-3100 Area, LI-COR Inc., USA)Z L83 24513
t}. A=A F-A+= A AA-&(Entris, Sartorius Inc., Germany)
= AREBto] ARSI =T, oln HE5-260°C -2 =7

Table 1. The growth characteristics of strawberry cutting transplants at planting date.

Plant Petiole
height length
(cm) (cm)

No. of
leaves

Leaf length Leaf width SPAD
(cm) (cm) value

Crown Length of  Leaf Shoot Shoot
. No. of .
diameter roots root area fresh  dry weight
(mm) (cm) (em’)  weight ()  (9)

33+01°191 £ 04 11.1 +04 73+01 63+0.1 33.1+0.7 7.7+04 140+08 25+ 04 181.5+89 63+ 03 1.0+ 0.1

“Mean + SE (n=10).
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ek

4, SHEM

7] AR P A] AR w0} HA A T] )
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o

Ao 605, 150mg L of|A] Z+2}21.7cm, 12 9cmi
Foral, th& o] 30, 150mg L, 605, 50mg L™

Table 3. The growth characteristics of strawberry seedlings according to the gibberellin dipping time and concentration at transplanting date.

Dipping time O PlantPetiole gt Leal e width  SPAD No. of e Leneth of Length of
(A, min) concentratl_?n height length leaves length (cm) value roots are? root runner
(B, mgL")  (cm) (cm) (cm) (cn’) (cm) (cm)
50 24.6 ab® 14.8 ab 49 ab 89abc 63 ab 4l6abc 224a 2802c 178 a 6.6 a
30 100 250 ab 155 ab 45 b 84 be 64 ab 388¢c 172 b 2981bc 192 a 74 a
150 293 a 175 a 46 b 105 a 75 a 395bc  174b 4595 a 19.1 a 86 a
50 296 a 183 a 52ab 10.1 ab 73 a 425 a 194 ab 5113 a 185 a 212 a
60 100 28.0 a 17.1 a 6.1a 96abc 65ab 422ab 180ab 4167ab 188 a 11.7 a
150 217 b 129 b 52 ab 80 c 57b 409 abc 202 ab 3118 bc 189 a 105 a
Control 270 ab 162 ab 5.7 ab 9.8 ab 75 a 429 a 224 a 4506 a 19.1 a 6.1 a
A NS NS * NS NS * NS NS NS
tAe]S\tIOVA B NS NS NS NS NS NS NS NS NS

“Mean separation within columns by DMRT at p < 0.05 (n=5).

NS, -, * ok wek
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Nonsignificant or significant at p < 0.1, 0.05, 0.01, or 0.001, respectively.
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A} QEAE ol skt ?vl% Jef o] BE ARl
T AolA] thax 2pe) 7} Y= Aoz AYZFESL

A Z2lof whE AT Ved= Z\—*}‘P A=
Fig. 29} 2t} 2| A A0 AES2 305, S0mg- L7,
305, 100mg L™, 605, 150mg-L" o)A 7FH9131, 602, 50
mg L, 603, 100mg-L" o} th 220 A1 271 ek, 2ok 4
AFL2 60, 50mg-L' oA 7.0g02 71 FALT 305,
100mg L o]} 4] 4.6 0. 714 7P Ak, 2ol AEze.
A2 71 frofet o)} GoAT ANOVA 54 2k 2|3k 4
A= AR AEZRL AR A7 L AR A7) EE 71
HEARgo] T folgo] AR A4 FA U

[

A7to] A4 GolsHA| S71slla, Al A 7] %
of] o] = AI7E 5t AR BH=7 ket T Al E e Zhe) Ak

ol & JFS ‘:P% 28 Blo)3} 2= 9)qlrk

7] EA S AT PR A, Ye] A 9 7, TR
£, 3y g8 AU FlolE s} o|Fol A WallE )
23| 2 TetEltiUematsu, 1998). 32 4] A]

fr
A
2
o
>

WAL AR AT, B ofH] 604, 100mg-L7 ofl A
9.8mm= FHAA|TF 30 100mg~L 101]/\1 7.8mm= %0} 7F

Control

60(50)

60(100) 60(150)

Fig. 1. Growth of strawberry seedlings according to the gibberellin dipping time and concentration at transplanting date.
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Gibberellin treatment [min.(mgL™)]

AeA - A4

Root fresh weight (g)

Shoot dry weight (g)
=
Root dry weight (g)

B - olET

vk B s A AFS(Kang 5, 2018; Lee 5, 2013)T}

g5
S Q)5 ARE

R, @] A A AR S5 A A
WAL U S0 Helshe Hlo] A thu] A% S
A3H= o) §els7) 28310l AR Aol 1Tk 23 A

© & RzkE T,

Ahn 5(1988)2- T/R o] 2H-24=E Sjolisl7} el u,
T/REo] 271518 A4 AlAo] W] Wi v} Z7}a}o] 4
232 oFslA| WHEThL st Xulee X2 A TRES

T2 oH] 304, 50me- L oA 1.98 2 71 Aol A4 &

o] 71 2= A0k 308, 150mg L' 2} 60E, 100mg L
ol 2L gho] AA &eo] A xsqiek A HH S e

= SA7]AL FT F/4dS AAIA7]™(Pamfil 7 Bellini,

8.0 1.6
B) I Stoot
[ Root

6.0 a F12

4.0 r 0.8

2.0 r 0.4

0.0 0.0
30(50)  30(100) 30(150)  60(S0)  60(100)  60(150)  Control

Gibberellin treatment [min.(mgL™?)]

Fig. 2. Comparison of fresh weight (A) and dry weight (B) according to the gibberellin dipping time and concentration at transplanting date. Vertical
bars represent the standard error (n=5). Different letters at the top of the vertical bar indicate a statistical difference according to Duncan’s

multiple-range tests at p < 0.05.

12.0

@ .

]

6.0

4.0 1

Crown diameter (mm)

2.0 4

0.0 T T T T T T T

30(50)  30(100)  30(150)  G0(50)  60(100)  60(150)  Control

Gibberellin treatment [min.(mgL'l)]

4.0

3

3.0 abce

abc

2.0

T/R ratio

1.0 1

0.0

30(50)  30(100) 30(150)  60(50)  G6O(100)  60(150)  Control

Gibberellin treatment [min.(mgL™)]

Fig. 3. Comparison of crown diameter (A) and T/R ratio (B) according to the gibberellin dipping time and concentration at transplanting date. Vertical
bars represent the standard error (n=>5). Different letters at the top of the vertical bar indicate a statistical difference according to Duncan’s

multiple-range tests at p < 0.05.
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7] 4t
2011; Fu}Harberd, 2003), E7] k=) ZH[&= & 2] A] X|
SHRE Ao HAIgrkar B vl Qlrk(Kang -5, 2018). ©]
gAY AtEol vl B, ile =] AHEd 22
A A7) o)Ake] AAA T} =8 =1 o] Fuk @] Ak=0)
ko] 142191 kS u|AH TR EC FFS 7A= 2o &
2§72t St

o|Ake] Ax}, W] AR APARS QJFH AR S A] X2
= Ao = Fxj2] o] 2 A °ﬂ}ﬂﬁ%%ﬁ*l%‘ -
A2 5L, ofnf) A4S AW 50mg L 5o
027F A= Aol B &S =ol= T EDPX—. A3 A
=] QAT

> o

ﬂ.l

(98]

T O
;t

}Eﬁ

2. RIMIWR X2t 20 BN 58, MolEN U B

J‘17H01I EIIXI" g

E](Chaerle 2007) wbl 5 SH A AHES
Sh=Zl0] B AE|A @Rl 0 7 ARRSh=A] 55l B
A7 st z; A el A 2]of| thE =G A
8 2 A3 A= Table 49]- Ztt.

A2 2w *@F‘W £ Hehh= YAE(quantum
yield, Fv/Fm)& ) 20 G224 L A 524, AEH A A
3P &of| A AlEe] HHAdE A= X2 S8 F vk (Hazrati

5, 2016). PAGE-E A WA Sk 7 A 308,

Table 4. Comparison of chlorophyll fluorescence in strawberry seedlings
according to the gibberellin dipping time and concentration.

Hoon Al B S mRE g HAAsE 9 Aj7ke] oF

Dippir}g time GA; concentrlation QY* NPQY
(A, min) B, mgL") (Fv/Fm)
50 0.843 a* 1.117 b
30 100 0.837 a 1483 a
150 0.827 b 1.547 a
50 0.840 a 1.530 a
60 100 0.843 a 1433 a
150 0.827 b 1.593 a
Control 0.843 a 1.630 a
A NS
ANOVA B . *
test’
AxB NS *
“Quantum yield.

YNonphotochemical quenching.
*Mean separation within columns by DMRT at p < 0.05.
NS, . % e

Nonsignificant or significant at p < 0.1, 0.05, or 0.001,
respectively.

MEStAX XSS K|, M33H M15 2024
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Ei%a] o 2L0)| 4 94.9mg GAE/g 2. 2 713 29t} T18]a
ZZabe -o|E RS 308, 50mg-L' 9k 605, 150mg L
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MEP ANOVA £4 A3}, FE0)vs T, S50 w0l
I, DPPH EMZ._} A5 B Au = R A7H A ]
Fe 10 A ARG AvE FolehA| Wt AS 2Rl
4= A1k
DPPH F,h:] ZF A~ ‘5 3 MEA Q] AR = ALSRARE
of| ofsff gl = A A= FAE 9 =5} 7] 3
M A 52 &8E D](K m 5, 2012; Blois, 1958). &=

7] A= 2559 DPPH 2H)Zk 2 7452-0.05mg mL" of| 4]
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o] 7P 7 Uehd 22 B, W] AR E Ao
U AT Ee DA == AeshA HH 7 ZHEE} AR
o M =Y 4= A= A= A=A
AR 7] 4 4 ok s Lo e
G7]ok FHS el 52
S5 sl Aele 344
Feapg ol A ShepA| 2] 1
= WA Xlﬂlamf’ﬂ oJsfiA X7‘&%.E](Guler1a 5, 2021;
Csukasi 5, 2011; Symons -5, 2006). 0|23t 2| HA A2 2}
o] ofepaiael] WilsH Tefshod), TS AARSHE 71
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Fig. 4. Comparison of total polyphenol content (A), total flavonoid content (B) and DPPH radical scavenging activity (C) in leaves according to the
gibberellin dipping time and concentration. Vertical bars represent the standard deviation of two replications (n = 5). Different letters at the top of
the vertical bar indicate a statistical difference according to Duncan’s multiple-range tests at p < 0.05.
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Table 5. The growth and flower induction characteristics of strawberry according to the gibberellin dipping time and concentration at 65 days after

transplanting.

Progress of 1* flower cluster

A Pl Petiol L Length of
Dipping time GAs . an ' ctiole No. of caf L.eaf SPAD .Crown ength of No. of No. of No. of
(A, min) concentration  height  length leaves length width value diamener peduncle flower q i Total
B, mgL")  (m)  (cm) (cm)  (cm) mm)  em)  buds O™ S cip
D) ®)
©
50 213a 130a 127a 76a 72a 459a 239a 159 a 42 a l6ab 20a 78 a
30 100 231a 138a 141a 80a 70a 447a 236a 163 a 49 a l6ab 10a 75 a
150 161 b 13.1a 160a 82a 69a 434a 281 a 114 a 32 a 08 Db 14 a 54 a
50 225a 122 a 154a 85a 70a 469a 262a 169 a 54 a 26 a 14 a 94 a
60 100 232a 134a 161a 82a 71a 438a 217a 109 a 28 a 1.0b 10 a 48 a
150 216a 127 a 144a 8la 68a 460a 239a 14.8 a 40 a l4ab 16a 70 a
Control 239a 132 a 131a 89a 76a 475a 243 a 129 a 44 a l4ab 20a 78 a
A : NS NS NS NS NS NS NS NS NS NS NS
ANOVA
test B * NS NS NS NS NS NS NS NS * NS NS
AxB NS NS NS NS NS NS NS NS NS NS NS NS

“Mean separation within columns by DMRT at p < 0.05 (n=>5).
NS "Nonsignificant or significant at p < 0.1, 0.05, respectively.

5 10} e} A s G o] vl Fas)
tH(Chandler2}Robertson, 1999; Dill 5, 2001). & A-of| 4]
= W7) A S A AHdES A elstA =w stolst 7t
o] U] A1 aglo) o] 8T BES FohE 4 UeS
shelgt 5= Qlokit], Tefet Zake ek sk et 4
27| 2kof| et Az 90l H o] FojAor T Ao Alw
.

o14po] A, SN B 4 A AR e 94 5
L= YA A A A = S P/l Hok gt &
38 FHA 2 Ao ARt oju) W] AHEo] Bt
4 BES Eol RIS SHAIA S/ Aol A
AHES W57 A A4S 3048, S0mg L A2 A

o] AX|SH Ao] mrk A5k 202 BerE .
XN o
- bl

B RS O S, AN A] Al40] 7155 30,
60E7FGA; 50, 100, 150mg-L lo]| 22] Hasla 254 A
A o7 oIk 4] A) Bav) %A} 27} 140} SPAD
ghe AR FAKZo] A4E Sbskea, 24, 9%,
A, A%, AL YA AR} 5w 7he) 5o e}

Folsl7) gho] WstAT TH-A G e Fret Prjehe
HA A o] wh2 o7} LpERE 2 B 308, 100mg L A 2lE
A LISt 5E 217 0] 8.0mm oA O. 2 -akst WL YA E
Ao, T/RE-L 304, 50mg- L Aol 4] §-oJ51A] Lo} 4]
EA) Z2jo] 7P $qict. A &2 57 150me L Y
o Az, AHEY A7) FErt S dReg ol
Uashe 4eges vepdch NPQE izt div] 30,
150mg- L™ Z2jo]l A 251 X“}RﬁEEﬂi Zhaol] F}
7} QIolth SR SRS 305, SomgL” H2le} 601,
150mg L™ A g|ofjA] =7 ],}—E]— 1, AA] B A2} At
slohEs} Aol w2l AHATe) F47 Jake ¢igict
whEbA], gy T719) MR S E A AME R Al FAR
FAol B} Q= A Folgh 4= 93l o, ojuf tf =t o
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