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Abstract

This study was carried out to determine the proper long-term storage conditions for healthy growth
after acclimatization while minimizing the subculture in gerbera tissue cultures. in vitro gerbera
plantlets were exposed to two levels of temperature (4°C, 8°C) and two levels of light conditions
(light 30 pmol-m™-s™, dark 0 pmol-m™-s™). After storage with the light conditions set to 16 hours
from 3 to 48 weeks, the chlorophyll fluorescence parameters and vitality as measured according to
the plant height, leaf number, leaf chlorosis ratio, dry matter level, and shoot withering were
observed. As a result, in the short-term storage condition of 12 weeks, the quality of the plantlets
was well maintained in the light condition without a temperature difference of 4°C and 8°C. On the
other hand, long-term storage conditions after 12 weeks, temperature (4°C < 8°C) and light both had
a direct effect on whether the quality of the plantlets was maintained. in vitro low temperature
storage was possible for up to 36 weeks under 8°C light conditions. It is concluded that commercial
low temperature storage conditions are suitable for short-term (1-12 weeks) light conditions at 4°C
and long-term conditions (12 weeks or more) at 8°C, leading to a survival rate of 90% or more and
a leaf chlorosis ratio of 10% or less.

Additional key words: germplasm storage, mass production, micropropagation, plant cell culture,

slow-growth storage
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HolEd Tl G77FFEs] HAals Al )le(Park and Kim, 2022). 1980 H) & 2 U3 o] & -p-2]ufzto]] Q)= of Al A]
d 0°C oV R AlsHd 915 /Mot 7hs Rt 45 250 & WA HS F4H 0= A7t Sl = 91, 20219 73
5 9 73 A9 0] At AiH AL 22 12.8ha, 9.6ha= ZAA] AHIHA] 0] ©F 96%5 AFAISIAL JITHMAFRA, 2022).
A =Wl A A= ARk MEHES Rt -FH SEa oM /3 F5o] tiFo|th(Park et al., 2012). FH
F220001 31.75F ol E7F5F Z0] 2006 0l i=98.75F == oF 3u)) o) A 7l o™, 20213 FAY7EA] AZEoF
60— 707t 0] ZABIFH7 T AE T ATHAPQA, 2021). 5] AH|Zh= 2004978 FFHS tl2a 5 A= HA 3¢
=G A2 ThE Aplls7 ol 7S E O Sl $4 FF B e #017] S1gt et EAlo] @ 7K Choi, 2002). ]
= F50l Uit 2Tt = olfre TAF EF u BRIt SUoll A Adlete FE 2AMGHE ST BEEI gl
™ A7 = vid 537840 217191 3 - 59 7390 H5-HTHChung and Lee, 2019; RDA, 2022). Z12{up AJE 2 22 4]
ute} AAof o] FF- tF o & Fuol7|ole =W SRR FAISHL, 7IW AAZAIE FAls ke TS S H A
22k of| oot whizell QIZAH]7E A TR AY 4 HI-E-2] 2F 60%0] o] ETH(Kozai, 1991). kg2 7} Bl z]of| A 7] 1%k
THSL o Eote] 2 Q] ¢Iglo] T Qlof olof thgh 5 Hiel uglo] Al F5ick

AlEZ Aok T A= 1898 @ AE2]o}9] Gottlieb Haberlandto]] 2J3] 48 ¥H - 0]3 1950 t)] Skoog”Z |
ZAORS 915 vz ZAof| tisle] A5t Murashige and Skoog, 1962). O] A7|2 AFIZC] u|AtiErsA]
(micropropagation)= J-&5| F-FHoF2ITHRahman et al., 2011). Qof] AX=-Q] kA YA 0] 7.2 AH o] Z A u|QF
AFE-S 7|Wol| A 717t Adol= A AE 75019 TH Assy-Bah and Engelmann, 1993; Negash et al., 2001). &% AJAHH 7]
W AABAE B2 5 A o) 270014 AR 15 A7l RS Zolal B S, £ 0} 58 T, <)
41 9 A3t 2715 2 2] ol o] SlekPark and Chac, 1993). o]eigt o] BE 40l 22uelme] cheh A&
A7t H 1% 9] O UJoy et al., 1991; Lee et al., 2015), ZH[2tof| A= o}217kA] B 1=l |} gict.
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Table 1. Effects of the storage temperature and light availability on the quality and shoot withering of /n vitro gerbera
‘Harmony’ plantlets under long-term storage conditions

Treatment Storage period Plant height No. of leaves Dry weight Shoot withering
(weeks) (cm) (per plant) ©® %)
Initial value 0 5.1¢gh? 7.0 gh 0.021j 0.0e
3 5.6 d-h 8.0 d-h 0.037 d-j 0.0e
6 5.6 d-h 9.0 d-h 0.071 ab 0.0e
9 5.6 d-h 8.7 d-h 0.039 d-j 43e
T-4L* 12 52gh 8.7 d-h 0.036 e+ 6.7¢e
24 4.7h 63h 0.024 hij 26.7d
36 5.7d-h 7.3 fgh 0.035 e+ 57.7bc
48 n/a"
6.1cg 8.0 d-h 0.032 g 0.0e
6 6.9 a-e 83d-h 0.055 e-f 0.0e
S4e-g 93d-g 0.030 g+ 0.0e
T-4D 12 52¢gh 7.3 fgh 0.030 g+ 6.7¢
24 5.1gh 8.7e-h 0.022 ij 463 ¢
36 6.1c-g 7.0 gh 0.025 hij 71.0a
48 n/a
6.8 b-¢c 8.7 e-h 0.037 d+j 0.0e
6.2c-g 8.7 e-h 0.062 abc 00e
6.3b-g 83eg 0.047 c-g 00e
T-8L. 12 7.0 a-d 9.7 c-g 0.043 c-h 0.0e
24 7.2 abe 12.7b 0.055 b-e 0.0e
36 7.8 ab 12.0 bc 0.079 a 0.0e
48 88a 153a 0.056 bed 60.0 ab
6.1cg 7.3 fgh 0.025 hij 0.0e
7.0a-d 7.7e-g 0.049 ¢+ 0.0e
62cg 10.7 bed 0.034 f+j 0.0e
T-8D 12 6.5b-g 9.7¢cg 0.036 d-j 0.0e
24 5.1gh 10.0 c-f 0.033 g+ 0.0e
36 64b-g 103 b-e 0.043 c-h 133e
48 n/a
Significance™
Light (A) NS * ok NS
Temperature (B) skekok skokk kokk sksksk
StOrage penod (C) skekok skekk kokk sksksk
(A) x (B) sk * NS ks
(A) % () NS NS NS *
B) x (C) NS Kok seokok Kook
(A) % (B) % (C) NS NS NS NS

“T-4L (4°C, light), T-4D (4°C, darkness), T-8L (8°C, light), T-8D (8°C, darkness).

YMeans separation within columns according to Duncan's multiple range test at p <0.05 (n=9, 35).
NS, *, **, and *** mean non-significant or significant at p <0.05, 0.01 and 0.001, respectively.
“No data available.
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72274014 7] 20] 714517 0] A= Aalo] v U] 4 me o] it wile ALS ) el Alze) A2 7]
5o Aalslo] Az o] WOl A oIt ole] S} Zhe )
Ruelland and Zachowski, 2010; Kim et al., 2020; Lee et al., 2020). 4% AE-2] 371} ?SI—/,E& ZARS 14?501 SHAE 2

SEegol avtd o = tiA71 7hs et A 0 2 H 15tk Burssens et al., 2000). 1 G A A2 4 7]7to] Zeto] whet
T-4L, T-4D7} T-8L, T-8D9|| H|o}o] 2%, A, AES SoA AR A FAto
7] £12] 5°C ofa} 27102 Qe FH 4ze] Ale 2447} Wl HEGH $340] D5 Ao PrhErDebat and
David, 2001).
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Fig. 1. Effects of the storage temperature and light availability on the quality of /n vitro gerbera ‘Harmony’ plantlets under
long-term storage conditions. T-4L (4°C, light), T-4D (4°C, darkness), T-8L (8°C, light), T-8D (8°C, darkness). A: Plant
height (%); B: No. of leaves (%); C: Dry weight (%). Vertical bars represent the standard deviation (n =9).
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A Foh&(Fig. 2A) GAI A% 713, g2 570l IA GRS LT T-4Dol|A] 95 2ol 2F28.1%, 125 2]l 2F32.1%=
eSO, T-4Loll A= 282 11.1%, 15.3%= AR <ol itk A2 2174 365 2lofliz T-4Lo A= F 67.9%71] B0l HAl
125 2}2} vl oo 4.58) oF FA oA 7 oAt W T-8Lell A= 125 2]l €1 10.4%2 A <] AoEA] ¢hoXar, 245+ 2}
o= 9F 13.0% 4°C 33412 9] 125 2 558 HeERT]. oFATE T-8D+= T-8LET} oF 14 -21% ©] =7 Vet

A9] AF4 A5=%1 SPADZEE A% 95 A7HA] 7P =7 HA = Lo, A7 365 Afoll= T-4L, T-4DOIA] g2 -7

AFTF10] €F60.4 — 80.1%7FA] 37| 23481 hFig. 2B). BHA T-8LA| A= 365 Aol = 2F 50.5% 45& 72|51t} SPAD
E3] 3] G1H= A 25 (4°C < 8°C)0f| IS Hh= 712 & 4 1 tH(Justus and Kubota, 2010).

_Q
nm=
MR SE AL ARl 1218, 27 5L Zefalck S

dhef, R AL A 0} 2 171 e A2 2
AT % B A A7\, A0 2 A 72 9 A 220 el i
(Anami et al., 2009). 2242 G3= YAJA O = EiFebgof iRt A g i skA[Rt 2154191 B 212 AlEAI 2 W
e Aol omA AT Faste e A Hels fishH A= AEE S50l ol2A el A ot
(Ruelland and Zachowski, 2010). 1 S37Lof| A AL 27} 7|7t Ao wfet 125 0]% T-8D, T-8L TiH] T-4L, T-4Doj|A]
AR TARE QO] oled/do] A5 S7HH A 1, 22F Asl] /o] WAt A 0 & Holw, A o = A oA 2

H9] oV T-SLoA e A1 Sl Rt =4 5
59| GF2 A g0l 7FsT T-4D, T-8DONAM A2 o] o] Asfi=lo] kot 7I5siet 210 = A2,
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Fig. 2. Effects of the storage temperature and light availability on the quality and chlorophyll fluorescence parameter of in
vitro gerbera ‘Harmony’ plantlets under long-term storage conditions. T-4L (4°C, light), T-4D (4°C, darkness), T-8L (8°C,
light), T-8D (8°C, darkness). A: Leaf chlorosis ratio (%); B: SPAD value (%); C: F./Fm, Maximum quantum yield of PSII
photochemistry; D: NPQ, non-photochemical quenching. Vertical bars represent the standard deviation (n =9).
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QZ 4 GYRA] OIgH B o] HFEA AEA AT Q7 19319 KautskyS} Hirsch7H 238 9001 4o] 244
5 S5

o w g4 Fgo] YEHrhs Z(Kautsky effect)S 2= 91e] 0 224 AJAHE QthGovindjee, 2004). ©]

Zof tfste] FeHd 717 el vt A o= S 4 Q7] w2l A=< *”ﬂﬂ JHiet e A
Folet] 6-83 T g B2E] 7 QIthOh et al., 2014). F/F, 3k afehlS-o] 2o oA l-g2 A ARG A1 E0] Qlof A=
0.78-0.84 91 gk Wehio, o]Hoh Wom SgANI WheFo] 2243t H Y &S 2 Ao HuEH
(Takahashi and Murata, 2008). = Ao x| A& 22z 74 2 111} 717 Wk 7] Aset 2 2ok oA UreR = Al
RSSO S U] 285 HolE Yotk 7] Slste] Fd vietul S AT 21 3(Fig. 2C and 2D), 7{H2} 2]
HjFH 05 XM FJ/Fn 0.630]5F 2-S Bt o= 7] njqgiAdo A AEd| A7} -Gube 7 0 2 Azkech SHE 2824
365 A Fy/Fr ZES T-4DOIA 0,492 714 WQET, T-8LoY|A 0.59 2 At A © 2 71 =7 Ureldth(Fig. 2C). T-SLof|A 3|
119] oAt 482 S 7R, NPQE & A2 7 5 7 W UeldthFig. 2D). o] AL A 2] 5-50] A1) <8t
X A 502 Aart o)A AR NS B8 AAgo] 371 A 0 2 ek o] SPADZ 74
ol A= 210l S & 4= 9 A9E NPQ 2d-S AX|st Al A7 7|17E &5 24, T -85 tist B3k 2jo| & gelsh

= = 2 T HAXX =2 0= =2

O

>~

rid

AATHFigs. 3 and 4).

ool AFEZI2 A 717kl whet 71 A et 2RO A-gel G F A 125 7| AR 0= 4°C,
8°C 2L Ao §lo] 3go] e oA B FE2 FooMAl #AI =it /T 125 o] % A7) 27 2o 25 (4°C <
8°C)9k 3ol B4 Aol A GG LIEhAeh. 8°C FEANA 36571 AH 02 I A Aol stk
(Fig. 3). A1 72t 22 e A2 A § 4114 o 2 Fashet] 7150l BohA] ARt £9tA A FAlsh f1siA

P

S

Fig. 3. /n vitrogerbera ‘Harmony plantlets under different storage conditions. A: /n vitrorooting and elongation stage at 21
days (plantlet at the beginning of the experiment); B-E: 36 weeks after low temperature storage; B: T-4L (4°C, light); C
T-4D (4°C, darkness); D: T-8L (8°C, light); E: T-8D (8°C, darkness); F: 48 weeks after low temperature storage; T-8D (8°C,
darkness).

Horticultural Science and Technology 709



Yot 2E22|0f THE HH2E 22BIFRO| V(L 37| H¥=2d 3

Fig. 4. Effects of the storage temperature and light availability on the chlorophyll fluorescence imaging (NPQ, non-
photochemical quenching) of /7 vitro gerbera ‘Harmony’ plantlets under long-term storage conditions. A: /n vitrorooting
and elongation stage at 21 days (plantlet at the beginning of the experiment); B-E: 36 weeks after low temperature
storage; B: T-4L (4°C, light); C: T-4D (4°C, darkness); D: T-8L (8°C, light); E: T-8D (8°C, darkness); F: 36 weeks after low
temperature storage; T-8D (8°C, darkness).
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