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Promotion of Growth and Development of ‘Seolhyang’ Strawberry
(Fragaria x ananassa Duch.) Runner Plant by Gibberellin Treatment
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Abstract. This study was conducted to determine the optimal dipping time and concentration of gibberellin for
improving the growth and quality of domestic cultivar 'Seolhyang' strawberry when using runner plants. Strawberry
runner plants were collected on November 10th and soaked in GA3 concentrations of 50, 100, and 150 mg-L™' for 30
and 60 minutes, respectively. After 75 days of planting, the growth results showed that in the 30-minute, 50 mg-L™'
treatment, the crown diameter was thicker and the T/R ratio was lower, indicating better plant vitality. Runner length
increased with lower gibberellin concentrations, particularly promoting vegetative growth. Photosynthetic efficiency
was more influenced by gibberellin concentration than dipping time, and using concentrations above a certain threshold
acted as a stress factor for runner plants, leading to decreased photosynthetic efficiency. For enhancing seedling
growth, soaking with 50 mg-L™" of gibberellin for 30 minutes was found to be optimal. This study verified the effects
of gibberellin treatment on strawberry runner plants to improve plant growth and quality, providing useful basic data

for using gibberellin.
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A= S-S 2d5] 918l o] 8-l T EEAE Y A
ZAA| == 54 AR, Ao E7]d 5o] gl=d], L Fol
AT A RS A EA) S-S A8k 7SS -5k &
A A7)l St S FXIA]XItHLang, 1957,
Swain¥} Singh, 2005). 27| Aul A| XL FH et
AU 4 £, el A, 1o g g SR A &
ol a7} Q= Aoz HuE v QrHGuttridge2}
Thompson, 1964; Kang 5, 2018; Thompson, 1969). 121}
WA 3 220] 4= Zfo| & Q1 A E o] et B A=
A2 ¥-g-2 55 E A 7F xfo| & e H(Lopez-Galarza
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1. AENE 2 ASUEZHEA X2

@] <8P (Fragaria x ananassa Duch. cv. Seolhyang)
HUSHEE A& i of] 2Aet AefE e s led o
7] 73 Al 24 o] ARt Hofl A A 2 ol A A 351
t}. ojuff A7 g0l 2 — 3 = HHAERt | EHES 20204 11
H 12ef YAjofl xsto] 3°Ce] WAHEIZE 7 2020 12
L 10Yof| TR I E+Helo| E EFHATE(60:40, v/v; cocopeat
+ perlite, Homan Industrial Co., Ltd., Korea) & S2I3H & 7|
A8 ZEEF 12, 60x20x10cm, Hwaseong Industrial
Co., Ltd., Korea) o] =3}t

AR T HUENE| tie AR A A
B7sl7| flste] WHIE HUSHES] 7|5 3V A
@ GAs(Dea-yu gibberellin, Dea-yu Co., Ltd., Gyeongsan,
Korea)o]| 50, 100, 150mg L™ ©] % & 7}7}30, 605 ] 2|3k
T AT =St Table 1), AHESH Hi= 114 S-7 A U
2B Ed QhoflA] - G A2} A ARA A2 SISk
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Table 1. Experimental table on strawberry runner plants according to
the gibberellin treatment at planting date.

](?:;I;:)mg time GA; E:r(r)lrgir_llt)ratlon Marking”
50 30(50)

30 100 30(100)
150 30(150)
50 60(50)

60 100 60(100)
150 60(150)

“Use this notation for all figures below.

50 100

Relative humidity
Air temperature

40 - | 80

30 +

Air temperature (°C')
Relative humidity (%0)

W,

1211 1212 1243 1244 115 116 1217 1248 129 1220
Date (MM/DD)

Fig. 1. Changes in daily air temperature and relative humidity in tunnel
for ten days after planting.

A v, 35% A 0 93 1097 Belsloic
Y SH Al 2 5% 22t o] el 27 (Watchdog 1000
series, Encosys Co., Ltd., Korea)E ©]-83} 302 714 o=
2o, o) W L% W B 4] HEE 2719
6.1°C, 55.0+12.8% SICHFig. 1).

Al EA 0] e B FEMFLY(RDA, 2017)°f wh
ehARS 3750 24, A 4 SPAD gk A,
WA, 78, AR, Re] A @ o] 58 ZAIec:
SPAD ZF& &4 =4 7](SPAD-502, Konica Minolta Inc.,
Japan) & o-8-8l 483101, T2 Z12] 32 CD-20CPX,
Mitutoyo Co., Ltd., Japan) 2 Al oo, AA|Z0 AES
2 #]-2(Entris, Sartorius Inc., Germany)-2 A|-8-5}o] 245}
et ol AEEL e AZ7|(DH-2009H, Korea Dry
Tech., Korea)of] A]| 25 60°Cof|A] 72A)7F AZXSE & =45}
A}, AW AL Jul A Z47|(LI-3100, LI-COR Inc., USA)
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stlem, 1, 2, 3HA R AR 2| 50] Aol & Alsto] 3

2459, wel g
Zol=71 71

Xlﬂﬂﬂé‘?l Ao T A=A 9] B2 218l 4199
= AL HEAEH Al AlEAIE 207
2 AAZAZ1AL 7Hefet A S A ZF AR E 20em = 7t
5 gE4adZo|u|AAX|(FC 800-C, PSI, Drasov, Czech)
2 olg3l oot PRAYY A% HA=2Y AL
Quenching Act2 H'H-& o] g3 om, 7l AlEH|ol s &
EA4YY 458 245} FluorCam7(Version.1.2.5.16, PS
I, Chez) & Ag3to] 245 OluleOHAﬂ 7] HdE
ARy

A JAATEE A 2] FerHE7] HHEHE B]A]
© YIS BRI A8l 2 A2 7270414 2B 9 oful ]
W 3ukE o 2 Hjxskich EAEAHS R prograrn(versmn
4.2.3) o]-&3)] EAFEA(ANOVA)S 315133l ©d9)
th=2 % (Duncan’s multiple range test)2- 0|25} 95% -5
O)poll A ZF Aej7ke] folde ASSIelt: A At
2|3 =SigmaPlot program(SigmaPlot 12.5, Systat Software
Inc., San Jose, CA, USA)S AME5te] eIt

W) euBAES] Y} wE H4

IX|AZHt =Tt HUSHE Y=ol

1. X[HZEe
= o5t

ojxl= &
A 22l w2 HHEFHES] o] 7hs/d= HESH
A A1 759 F A S EA S 2A 2 M Table 20} 2k
F2 304, S0mg L™ 22|12} 605, 100mg- L™ Zz]o A &
AR 305, 150mg L &2)et60+5, 150mg L™ A
oA ZAiek ATt HEL304, 50mg L Aol A 713
9131 605, 100mg L' 2ol 4] 714 ZekA]qt, SPAD 7k
% 78, o) 5 A HelS 7k folg A
o AuEo R w1 4 A S USRS
A2 AA) 9] FES TH=rMomenpour -5, 2011).
ANOVA 24 A3}, 2| weof u2 f-0]40] =ely]
A=t 247} Qe 2w Sl DS 150me L A
gJollAl FolshAl ARk ol migP B7| S5 Al AR
A S T wf A FosHA w27 wers 240
710} Arh Kang 5(2018)°] dA7-2} 7]k ATgic. 1t
A, g, el dols AulEe F=rk € 50mg- L
AefofA] 2 ghe UrERleE g7]of A MRS A eshd
Y A o] A E=6|(Guttridge 2} Thompson, 1964), X
A2 22 A 23]8] FURPAH = 2 AYAlo] S ro]
A2 5 Zho] RITh= Pritts 5(1986) 2] A3 Anpa]E £
SAtof| A e A 35 k= A= A g A o]oF -2
R ATSANA 1 gro] F7he A0 preeilct,
A1) 2 A B s e W A A S 2R
305, 50mg L' A9t 308, 100mg-L" & a]oflA]
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Table 2. The growth characteristics of strawberry runner plants according to the gibberellin dipping time and concentration at 75 days after planting,

Dipping GA; Plant Petiole Leaf  Leaf

Fresh weight

Dry weight Leaf Length of root

tin?e concentrz_iltion height length Il\:;veosf length  width S\Zﬁ? (8 () o- of arez: (cm)
(min) (mgL’)  (cm) (cm) (m)  (cm) Shoot Root  Shoot Root (en?’)  Longest Average
30 50 188 ¢ 11.7b 56b 87a 6l1la 484a 11.7a 39a 29a 08a 278a 3734a 140a 90a
100 208 bc 13.1 b 63ab 7.1 ab 55ab 494a 103a 27a 27a 06a 31.0a 3092a 125a 77 a
150 277 a 194 a 63ab 73ab 50ab 493a 130a 33a 35a 07a 294a3289a 132a 77a
60 50 204 bc 127b 68a 72ab 54ab 462a 128a 38a 33a 07a 324a3%3ald5a 93a
100 193¢ 129b 64ab 59b 42b 474a 108a 33a 29a 07a 314a3323al13la 84a
150 241 ab 169a 59ab 64b 44ab 488 a 113a 26a 30a 06a 334a29%5al26a 78a
Dipping time (A) NS NS NS NS NS NS NS NS . NS NS NS
GA; concentration (B) — *** HxK NS . * NS . NS NS NS * NS *
AxB . NS * NS NS NS NS NS NS NS NS NS NS

“Mean separation within columns by Duncan’s multiple range test at p < 0.05 (n=5).

NS, ., * %k

MESAX XSS K|, M32H HM45 2023

Nonsignificant or significant at p < 0.1, 0.05, 0.001, respectively.
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8.1mme}8.2mmE F Ak 605, 100mg- L' %] 2]2} 60,
150mg L' Z2jof| A Z+2}6.5mme}6.4mm & QFola] H|&
& A 2] FE7t oA AL A 2] AJto] o458 A7 o]
SfoMAl= Aae YeRlith(Fig. 2). 87| #2739 FAl=
FAH O] A7 E 0 2 AMSE =T, 217 o] 8mm o]} T

S A HE ALGSIE 7 F-oll= A EA Q] At v
zto] ZjE|aL 7] fe8to] 7hgst HA| =Fo] STt
(Durner 5, 2002; Kang 5, 2011). &2 Ago|x= 305,
50mg L' Ae]o} 308, 100mg-L" Az|ojlA B2 o]
8mm oo 7}t QAN A HHT AT o]
A3 A2 57t =2 wofl= 27 o] gFot], B7] ARy 7
HEWE o] § A AHPAL 5= @ AR AE]dl=
A2 A H AYAtol] Fa7ke A 0 &2 7| Qi o] = A
A A ] FrrtsobdaE @) AlEA ol 71 o] WAy
ofj2ol] Aol 2 gt A dH A2 F= Aol Bagt

10.0
(A) N
a
ab
3.0 1 ab _T_
T b
g [ »
£ i
T 60
2
@
£
g
=
= 404
z
2
Q
2.0 1
0.0 T T T T T T
3050)  30(100)  30(150)  60(50)  60(100)  60(150)
Gibberellin treatment [min.(mgL™)]
6.0
(B)
a
30 ab ab
1
4.0 - I ab
P b 1
£ 30
&
=
20
1.0

T T T T T
30(50)  30(100)  30(150)  60(50)  60(100)  60(150)

Gibberellin treatment [min.(mgL™")]

Fig. 2. Comparison of crown diameter (A) and T/R ratio (B) according
to the gibberellin dipping time and concentration at 75 days after
planting. Vertical bars indicate the SE (standard error). Different
letters indicate statistical differences based on Duncan’s multiple
range test (p < 0.05).
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= AARRTE A3 A5-5(Kang 5, 2018; Lee 5, 2013) 2} 1}
A&, AMER AA ) 1 s s O e A
Jok= Ao A S o] 88t W] B Fd Al A1 AY
S SR8k H felstHA -3 Al o= et Qick
T/REL 305, 5()mg'L'1 Z2]of| 4] 3.1 2 714 Ao} A1 EA|
o] YA 604, 150meg L Aol Al=4.65 13}
o] 7 A o] A xsGitt. A o) W
2247)7 2T PHL ol4sh-t|(Fust Harberd,
2003; PamfilZ} Bellini, 2011), Kang $(2018)2 47| =5
of| A= 2] 2] A] A AYS-o] RAIFekar H gt H
71 Y7} A Hof| g o Wto] EhlkelA| Yofuf S 8
R 07 P5o] MY El= 5ot faks 22 gy} Q&2
9] /-2 x| AEtMann, 1930). o|2{gk A8 ¢4t A=
of B5=o] & ufl, A M A 2] T 57| eHENET =
RIS 5 A7 ol X7} AV ek ) e g2
of == AREE|NUS A o2 A7, 11E = o) XH|He )
2 AR AR 3 Alzto] Aol whet AlEA] o] A5
] o] B4l @k vix|= Al o= Tt Qi
A2 g7 9] 2y P FHA7 | ek 2 O]
AE AAI7 |2, B719F 22 T Al g4 GAs= 9
FAY S S7IA7AL, Eae B2 AAIsH, ] A
= Ttk 5 B2 AP Al 2 Sofl Tofgttk(Porlingis
2} Boynton, 1961; Thompson} Guttridge, 1959). & A3 o]

30(50) 30(100) 30(150)

60(50) 60(100)

60(150)

Fig. 3. Growth of strawberry runner plants according to the gibberellin
dipping time (min) and concentration (mg-L") at 75 days after planting.
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Table 3. Effect of gibberellin dipping time and concentration on the
quantum yield (QY) of strawberry runner plants.

ab ab T
56 4 — L Dipping time GA; concentration QY
0 i Ea c (min) (mgL" (Fv/Fm)
g T 50 0.772 a*
g 0 30 100 0.716 ¢
£ 150 0.728 ¢
* 100 1 50 0.766 ab
60 100 0.738 abc
150 0.730 be
" WE N0 NS G 6 6y Dipping time (A) NS
Gibberellin treatment [min.(mgL™)] ANOVA test GA; concentration (B) ok
AxB NS

Fig. 4. Comparison of runner length according to the gibberellin
dipping time and concentration at 75 days after planting. Vertical
bars indicate the SE (standard error). Different letters indicate
statistical differences based on Duncan’s multiple range test (p <
0.05).

A A A2 5 A 75 Aol BE A 2lTtoll A 2y
7hHEAol sk 2 21T = ASITk(Fig. 3). ofof| whet
2} 32 7b9) GPA H=S BISFIA 2 Lol 2Ab
3 ATH= Fig. 491 20k GRS AES e e 2o
605, 150mg L Za]o]A] 21.6cmE 7F Rk, 605,
50mg-L" Z2]ollA 33.2em 2 7P A ek E3F 2] Zol=
AHE Y F=7F Eobdas Zot= B3 YEhol, A

H 2 A XA 7] TA|Glo] 1 7t ol A2 o oFryAt
Brrt AR Fert Adrs JPAFeRY| Fert @
o] o] Rof A= & Bele 4= Uik

ool A}, E7] Aol vA= A EY S Heks
o U BHES o) S wE AMESE] 915 Jpa o
o] ABHS GEBIIL B ASE ZHA7)7] SJFHE AE
50mg L' ©] A% A|H|@ o] 305 HR|5H= Ao] Wt 4
gt Ao = Tt Qe

2. X|HiE2 XA sE7F ety &80 0Ixl=
GI%F

A B = thoksl 3 7§A 2ol o)l Yot shdo] A
B, 11 74 28 JE438 D (chlorophyll fluorescence)

A Y QUK Chaerle 5, 2007).
D7) Aol AR S HA] A 2]sk= Ao] U EHES] &
Ed 9102 Zgatn|o] o e AZslT ARYS 7
SShIA K| AR AT s ol T2 gl AL

S A= Table 33 gy, 2| 2] 71 vl g ah 524 o] il

MESAX XSS K|, M32H HM45 2023

“Mean separation within columns by Duncan’s multiple range test at
p <005 (n=5).
NS Nonsignificant or significant at p < 0.01, respectively.

T/REo0] 2 308, 50mg- L™ A z]o)| A FAj4=8-0]0.772
2 7P =9k, 60, 50mg-L! 2] 2]o| 4] 0.766 0.8 1 FE

o]|Qltl. ANOVA H.4] A3l sl 2z A| 7o) w2 89
2 RUANE A 2] FEeof wE F-od2 A= L A
A9 22| FE7t S o FREo] Sk A3 % UrE}
wict.

AgA0) B S B 5 Gl AEAT Ao
L |#32 = Fv/Fmo| =1, Fv/Fm-& tjekst AEH A
2x]of] &85 11 QIti(Rungrat 5, 2016). Y& AEH| A
Z A Eo| B AEYASHIOH QR ZANE 7hA W5HAY
A5} 5 AdEA ol A& AS-o| AT Kang} Lee, 2003).
olof] FA& S-S F3l B7| AHSHNET AW A2
of we} e) elol Waph uAsto] AEA AEd LS
A o 2RI, 2 ok Bt Al

7} 2 9 AL Sl o
ol Al 43

Q108 Zgoto] Y RS G2AL S Uk Ro=
s 4 glsiek

}_61—7(4 o7 K OZI:FL_,] 7:1_‘_]‘§_HE-1 ‘/\46]:’ EEL7] E‘]L‘]

Eo| ik ol v x| = A E Y HAJARHY F e Eﬂr
2 Eale AR o2 deptt e 308
50mg L& 2] A2 o A8H 2] B2, TRE, 4
B, g 50 glo] 9alo] A% 541 W F aaol
Phs o, AMel He] st e oo 2
Hgto] o] R0l & Flstglt WA 60+, 150mg L A2
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