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Quality and Physiological Characteristics of Pinus densiflora Seeds
Under Different Storage Periods and Temperatures
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oF: AT A7) ARE AU FA0] BAS WIS wot SAT ARA B4 o) 4% BAE AEsgon, o
Sfal Aa 7170 Lol W Ep wotel eld EAS 2ASIGIth I Ad AR BR 40Ce] 124 7F A4

uf, Woh& 99%, TS0 659 F4F THel W BApA Ash7h A9) dojubx] gkoror, -18°Ce] AR AL, 44|
dojgik. w3k A7) Aol W2 Hoh 1y F Fuct T vt UA dojuis Ao etk F4 3
0] A7HEEE 4°Co] 199 7F AAElo] 2S Shs] A Sl ofal] okom, Wokg, TS0, Haie}
%, Wolhmete] A} Qloieh A4l FEH 2718 FolME Ko sk /b B9ow, I thoRE Na,
Ca, Cu, Mg, Fe $-0.2 B3 57} 5943, Mna} Zn& AZ5)4) Slohh K, Ca, Cu, Mg, Fe 52t Heldz 5744
Zjol7k 9191, K, Ca, Cu, Na, Mg] 79, Hel& 95| 245 F4ok 1874 gk SAel Aol B, Cul
79, 200350] A3 FA0h Loix] iete] Folzh Atk WobgE Ca, Cu, K, Mg, Na 520} Ro| Aahg g ov],
WolFUEL: Cu 5=} 50 AR BT, THE Wol BAL 57)4 et Alwte] glglth. wheba] 4 1E40] 7]
A el Az B Aol AL AL, Aafo] FulshA glgor), A/ HAEEE A7) A% S4pe] el W oje}
FAAY Aol2 Uehht AE7t B 4 9 Ao Helh
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Abstract: Our aim was to evaluate the quality of pine seeds after long-term storage and to analyze the correlation
between germination and physiological characteristics. Therefore, we investigated the germination and physiological
characteristics of seeds stored for different periods and storage temperatures. Pine seeds lost little viability and vigor
after 12 years of storage at 4°C; it is even possible to prolong the storage period at -18°C. The deterioration process
operating through long-term storage was characterized by a loss of seed vigor before a loss in seed viability. Electrical
conductivity of the seed leachate was significantly higher in seeds that completely lost their viability, and was also
found to be significantly correlated with the germination percentage, T50, mean germination time, and germination
speed. Among the minerals leaked to the leachate, K had the highest concentration, followed by Na, Ca, Cu, Mg,
and Fe, while Mn and Zn were not detected. Concentrations of K, Ca, Cu, Mg, and Fe in the leachate differed
significantly by treatment, and in the cases of K, Ca, Cu, Na, and Mg, we observed large differences in the leachate
between the seeds that were collected in 2003 and those collected in other years.. Germination percentage was
significantly negatively correlated to the concentrations of Ca, Cu, K, Mg, and Na. The coefficient of uniformity of
germination was significantly negatively correlated to Cu concentration. The other germination characteristics were not
significantly correlated with the mineral concentration. Therefore, the mineral concentrations of pine seed leachate were
not reliable indicators of seed deterioration when the differences in quality between seed lots were small. However,
electrical conductivity could be an indicator of seed viability and vigor of pine seeds under long-term storage.
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7] 2, wid SR AabFe] dAsHA] b2 Foll tis
AR FA TS A F71 A%, e fAREe
HES QIRE A7 AFCRE s 4= lon, o] wet
A 717k HZFo] AA = thBonner and Karrfalt, 2008).
53] T2 AR AFfAAd e dx)e] BEg gt
o 483 rto @ o] gl glon, A HEe B

og
o
o |
H
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o
2t A=t 1 -5 2}-2 3 (genebank)S ©]
|3F AX|Q HFo| o|Fo|X|aL %E]'(Klm et al., 2012).
TA ALE T dAY HES Hie A9 F4
AeE asste] A 7Hs3t Aei = 7hse o5 71%E
BE3E= Aolt) £A1= & AlH|(cryptobiotic) 2] A&
Alolar Hrolslr] M7R= AW S A &7] w

7EN A Q1 A= ¢RI, Al uhet 2 (seed viability)
I} YA E(revitalization) S AAISHH HAHA Q] HE AYAks)
A FZHeH(Walters, 1998). o] =3t ’Z? Apo) A% T89S 2%
Re e A% 273 54 4
e 245 fsl 7 %3@ RS
| ok WSlol EAolH ol &
P Zolth. o] & 8 TS AT
ZHorthodox seed).J AL ARE B3| A9 I
ot WAl 7heek oF W 2Eo A Sk
7} A ZFo|th(Harrington, 1972; Bonner and Karrfalt,
2008). EFF FAO] FHS £ GHA QT FH wD
I, AT G FA A= QR o FHEe anpt
FA Eo] AA = =d|(Fleming et al., 2019; De Vitis et al.,
2020), ol= &2 #F WA= S22 ZWAIZE WollA
o] Holx At} I¢ER Fe $H4A AL VHAE =
4 ol chol, A A 24 sl £ 51

3l= &% 7} t}E 4= QIti(Hay and Whitehouse, 2017). wh
o BRAQ B e R 919 el AYE
ol A5k 2 A A Ak #7102 54
o] AL A= Ao| BWRFTHFAO, 2014).

51} = 2(seed quality)-2> ZH(seed viability), SZ}A|
(seed vigor), <=5 (purity), A =(seed health), A%} =9
(storage life) 5-2] EAJS E3I5H= 7ld 2 2 (Bewley, 2013),
Ao HEHL Faje] BAL AY|Ho B
o171 $isid $2he) Helak S| Ak A o
of Hof Tk, FAe] Bele Has Boln FA7h wol
3lo] §HE YA 4= Q)= -2 (Bradbeer, 1988) 2.2, Hf
O}%(germination ability) ©. 2 ¥35}7|%= dtc} Ex}9] &
28 Alel] 97 o R WA HEAS Wol 1A}
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7F & Yo g AA|EL QJHFAO, 2014; Fu et al.,
2015). =+ A|F5A-7AAFE 3] (International Seed Testing Asso-
ciation, ISTA) A= o} AAIE 9la] EETAL AA
skt glow], ol7]4 Qofdl | wobe F3 FAe]
el 24 4 olrk LU 149 Halr} oo
whe} 7|u) wolg Rt ZAEAZo] WA Wolxa ol
SEoh FUH ER Pashed), 0|3 wolgntomt
ok _/'k_ 9= S Ho AT 22X A =8 =& Ay

£

BATT [e]
3 o] vk EAH(seed vigonolTh. u]e]
ANEAH AR 3l (Association of Official Seed Analysts,
AOSA)o A= FAAE “FHAT 224 FA7}
HH]—E _"?'I_O]o]_;ﬂ H]—o]_ol_oq Z‘]/KFEE ,kg/\]—tﬂ 2~ ol‘_ =
g7 o2 oI5ttt ISTA, AOSA|A FAAIE HASH
7] QI Moz Q9A kabA e HAL A7|EE 4
AL Al AR & AAISEL AN FAAE B7FeH=
= WS FHEA Stk FAA = W= AR
QB WolkE L} Yol FAEE SHAE B
7Vel 4= 9o, ol& A Y3 Tso(Coolbear et al.,
1984; Farooq et al.,, 2005)o|y} HHro}&l4=~(Labouriau,
1983 Ranal and Santana, 2006), 2ol x| <~(Heydecker,
1973; Bewley & Black, 1994 in Ranal and Santana, 2006)
59 R xE0] o)=L QtK(Soltani et al., 2015; Ranal
and Santana, 2006).

A7) AEE HAH= ISTA, AOSAQL ZHo] E} AL

et £ 8-S HEs A 7ol A AlASkE A
Al B7F W 5 shdolth dxd AL Hotstr] 9
f S ST o, o] Al e A dYE
WA QMR AE PE, o] A AstolA A5
L (perturbation) T} 45 ZEA z}olo] o5t ofgL Hro}
EAFe QA B, AR Aol BHs 2 FRE
THLin et al., 2019), & oL FA= o] T &AL

FloFgt dHfolE® ZHEA ©, f714h obw|iedl, o]
59 F=o] dojyA =crhSimon and Harun, 1972;
Ouyang et al., 2002; Mattews and Powell, 2006; Choi and
Yang, 2015). o|€A] FARRE FEE HRE0| F4
A& A7 AEE ZASH HEE, o|dsh Y8 =
olgal Beiat FAA Aol7t 2 ANE Hlweks 1D
HH O &2 A7|AEE7} o] 8531 Qth T3 Woodstock
et al.(1985)2 £x} &40 A7|AEE R} Fr)d =
Aol FAASL o WUT ko] ATk shded, B1
U 57] fldts 2 phytino] EFEle} 93 wol 5 4
2)a}go] %91 7Hco-factor) 2 2H§4hehaL LeiA glon
(Bewley et al., 2013), 71 =7} wol 3} o| A 1 H=7}
HoltH= Ao] B Q) O 1 (Eggert and Wiren, 2013),
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ABe cige waAA
U5 (Pinus densiflora Siebold & Zucc)+ -2}

1300 m o]ake] Alofol A Ayskn ABH o=
ABAG @Bk AL S REE St
She Eo AP B3, cldolw 2
2 U] F tH(Choi, 2014). EAfjo = 2020 7]& AA|
WA 0) 25.1%5 XA B ofuh M2 597 4
2 5 17.8%5 Aot =8 2-SF 5 shel7]
T SICHKFS, 2022). U F2-2] 2442 Millennium
seed bank T2 A Eof 93l =% = Kew Gardens®] £}
AR fo]EjH|o] A~ (Seed information database)ol] A A=
HE Qi AU FAs g8 3%k Az 5 9
= Az AFS 7M1= AAFAeIH, -20°Co|A 6
BoF AL o B Asih dofubA egrttm 1
1% v} lth(Asakawa, 1978 in Royal Botanic Gardens
Kew, 2022). 12} o} 71A] Uil A 10 o]AF A7
AE 2 EA0) AR A dlolE} mad He
ol TAFe] A% HeEjet 4 B7HE fI% 7= HlolH
7+ "ast
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Table 1. Seed collection year, site and storage condition.

A11E A35 (2022)

S
kel AP PR AR TR A aLel| AE F
Ao, 247y A=} a9 A% 272 Table 13+
2t BE AL 48 5% $E0R AR F AF
24sto] =ik
2, ot M3 9 wop EM =At

271 A Ao F4E BWrtstr] f1ste] o A3
= AAstaL wot EA4& Ustdl= A4sS Al4tstith
Hrol A1y 3 g TAE 32 S 25 mlof @ar
Ao A 7F B¢k A5 F(Kim et al., 2011) 9 mm
HE7] t]4]o] oJa}x](Watman No. 2) 232 211 254
B2 AL 9257 4vkR0 8 4%t S 25°C, F 16417k
o BAIZEC 2 A AT Qholl Fa1 28U7E ARSI

ohE 9ot Aol
Aol %

g AU A SARY AX9) B

REEECETRE

& wolz 71ste] wal wol F4je] |48 2Alsleich

ol 4% A Qofal ot Hlolel o]} Ftel
dhol EAS Hrlslr] Y8, wWolg(germination percen-
tage, GP), Tso(Coolbear et al., 1984 modified by Farooq
et al., 2005), % 3Fo}l4~(mean germination time, MGT,
Labouriau, 1983 in Ranal and Santana 2006), ¥ro}&:T
(germination speed, GS, AOSA, 1983 in McNair et al.,

Treatment Collection site Colylzz;ion Stor'zl}%eea rp;;riod Storage (toe(rjr)lperature Seed moi(s(’)[/l:)re content
I ( S‘:g(‘i“ﬁ‘:}‘l‘:r‘;) 2003 19 -18 5.58
| ( s/::?ﬁg}?:r%) 2003 19 -18 5.89
1 ( S‘::C‘lnﬁg}‘::r‘zl) 2003 19 4 5.96
v ( s‘i‘:é“ﬁfg}‘::r‘zi) 2003 19 4 5.90
\% Mt. Jiri 2008 14 4 5.50
VI ( S‘:g(‘i“ﬁi‘c)}rl‘:r‘;) 2010 12 -18 5.81
il ( S‘::é“ﬁi‘c)}‘l‘:r‘zi) 2010 12 4 5.17
VIII Anmyeondo 2015 7 4 6.54

(seed orchard)
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2012), ol Y X 4>(coefficient of uniformity of germina-
tion, CUG, Heydecker, 1973; Bewley & Black, 1994 in
Ranal & Santana, 2006)7} tF21} Z-o] AALE QI o] =
oS olgslo] F110] L, Ty, BFolU, ol

= 1=
&=, WolFAH+E BEsto] FANE Bkt

- GP = 2x100 (%)

- T = —(g_(ll\ii_)fvj;m (Days)
J~N;

- MGT= Zk# (Days)

- GS= T,

QUG =

YK (MGT-T;)ZN;

(S: AAEAL 42, N: HOHEA 4 Nt Nof) tik 50% ol
A7) o] WolEA} 45 Ny No|l gk 50% o} 215714 2]
WolEAL %, Ty, Ti N, NAZEA 288 wol7]zh)

3. B% &5+ 54 =
ol AF A FAE 244 AARE AES 2512
WNHEES ZH5L 77192 Basnh AESe

=22 pH/Conductivity Meter (Orion Star
A215 pH/Conductivity Benchtop Multiparameter Meter,
Thermo Fisher Scientific Inc., Waltham, MA, USA)E o|&
sfglon, 7714 BAe AT Eehant Buges)
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(PlasmaQuant PQ 9000 (Elite) High-resolution Array
ICP-OES, Analytik Jena AG, Jena, Germany)& ©]-8-3}¢]
A&l 284 Ca, Cu, Fe, K, Mg, Na, Mn, Zn®] =&

£ Ao,

4, S 2

A=l A 27t 22 ohE 87l A9 ot &
4, A7AEE, B4 FE ZolE Eelstr] fiste] ¢
HALE 2] (One-way ANOVA)T} Tukey’s HSD A7)
AABEATE ERL Hol EAY MM EE, B4
Zholl At A 7E Ql=A] E1st7] $18ko] Spearman©]
FBAFE Al oS AAS Wl &
4 AFE9 A4t FAEA2 R software version 4.0.2

A

(R Core Team, 2020)°.2 Z=3§5}%c}

x|
S
=
A=)
A
R

2 o
1. BXte| Wolsd
A% 717 A 2 w7 o2 870 A2 FAY Hots
& 2R Aa}, SR Hols, Wold s Kok Tw
I} ool 4, Wropg e, Wolt d w5 YER = o}
dAA| ol A2l 2F ZFol7b QU THp<0.05, Table 2).
Hrohg, Wotdse, Woph e, Wold Y g B 1)
< uf 7P FEo] W FAk= 20100 A Fste] -18°C
of 127t AA=E ZAKtreatment VI)$ 2.1, 2010, 2015
Aol 2+z} 23 sto] 4°Cof 12, 79 A SAKtreat-
ment VII, VIII) JA] ZA ZZo] Hojx|x] frt.
2003 ol Azt 199 2+ A FAke] H9-, A2

Table 2. Germination characteristics according to seed storage period and temperature.

Mean Coefficient of

Treatment Filled sgeds ratio Germinatio? Ts(day) germination time Germination uniformity of
(%) percentage (%) (day) speed germination
I 98.0 72.0° 7.2° 10.3° 2.585° 0.019
il 100.0 88.0° 6.2 7.6° 3.632° 0.087°
11 99.0 0.0
v 100.0 0.0 ) ) . )
\Y% 99.0 92.0° 12.0° 12.9¢ 1.952¢ 0.062°
VI 100.0 97.0" 4.4 5.0° 5.047° 0.607°
VII 100.0 99.0° 6.5 7.4° 3.870° 0.116"
VIII 100.0 98.0° 5.9 6.7 3.917° 0.403%
Mean 99.5 68.3 7.0 8.3 3.500 0.216
F-value 1370 452.76%%* 39.86%** 54.54%% 45.62% % 6.36%*

Each field value represents mean (n=4).

NSk ok #%% are non-significant, significant at p<0.05, 0.01 and 0.001, respectively.
Different letters in a column represent significant difference among treatments according to Tukey's HSD tests at a = 0.05.
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7} 4CR) A9 Bele wE pAelgl. olo] b8 -18°C

of A& ZEAtreatment I, )= Zrol-g-o] Z+zF 72.0%,
88.0%= S UX AFAISIY A1, treatment [2] 79~ Treat-
ment VII, VIIIo]| v} o}zl tha =g, Htdotd
%, ok o] glol EAMR Aolh vhekutel.

2008 o] ZF3to] 4°Cef 144 7+ AAE FANtreatment
V)= uobgo] 90.0%2 treatment VI, VII, VIIIo| H]3] T}
2 Uoro} EA A ol UbERLFA] 9FoFom, Hiofolss
of %7t wobdmel Wokgd o] 49 Aol7k slgict
(p<0.05).

2.

oM

A BEFO| MI|IF=ER} RIIE £E

A 712k A =7t o 870 xazq,} Z2} 2
Qe W&o A7 HEE(Figue )9} 31 2711 5
L(Table 3)5 AR A3}, &9 @716559} K, Ca,
Cu, Mg, Fe 0] He] 7F 2ol 7k 9191ckp<0.05). 7]
AEro AL &S A3 44T ZX|(treatment 11,
IV)olA= F36HA w3ey, &8s dF 23 2t
(treatment 1, I} XA 7} o]z EAKtreatment V)=

A A7 dojurA] & EX(treatment VI, VII, VIII)
o} vl mBkS o) A Zfol7k ek eksre el

A11E A35 (2022)
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Electrical conductivity(uS/cm)
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I v VI
Treatment

ol

Figure 1. Electrical conductivity of leachate according to
seed storage period and temperature.

Each field value represents mean value (n=4).
Different letters above the bars represent significant difference
among treatments according to Tukey's HSD tests at o = 0.05.

K, Ca, Na, Mgo| 7%, &% ¢bds] H4st £4
(treatment 111, IV)@} 17| 0k FAtof| 2] F=of4] of
2 ZpolE Beon, Cuol Z$-, 20030l HHE FAt
(treatment 1, 11, 111, IV)£} 2008, 2010 of| 2|3t £}
(treatment V, VI, VII, VIS 7ol = =33 2}o]7} 919

o] X ATl treatment [, R} FAAS 47} TH(p<0.05)
WA o] oi7 treatment VA 7] HELE o] tha ¢
B AL g & Ysich 3. Bt WolR g WREE, 27F w@ol Y2
e a, Cu Fe, K, Mg, Mo, Na, Zn] 52 ol EAT A&540] A/ HEE, r3d 1714 5
o 89, BEE B FANE K S/ P kit Sho) BWASE oD GO el foliE
I g3 22E Na, Ca, Cu, Mg, Fe ©22 Hyt 5=V} 3t A3KTable 4), A7|HAEEE & Hol 4
A el ieh M 2 B2 SR, Fee] A% 079 Tush 42l G048, 8250 5] 4
A&eo] FA(HE 0.008mg LYol A P&tk TE-0443), Wolkwt Ro] ATr=0471)S Hof H7|
Table 3. Inorganic compound concentrations of leachate according to seed storage period and temperature. Unit: mg L
Treatment Ca Cu Fe K Mg Na
I 0.603° 0.521° 0.000° 1.573° 0.152° 0.606
I 0.582" 0.522° 0.000" 1.237* 0.141° 0.656
11 1.281% 0.544° 0.022° 12.557° 0.359® 1.124
v 1.590° 0.535" 0.007* 18.038" 0.752° 1.726
v 0.482° 0.048" 0.011% 2.333" 0.168" 0.487
VI 0.545" 0.051° 0.011% 1.847° 0.147° 0.457
VII 0.531° 0.048" 0.009* 1.585* 0.163" 0.470
VIII 0.470° 0.045* 0.006" 0.799* 0.146° 0.628
Mean 0.761 0.289 0.008 4.996 0.253 0.769
F-value 5.91%** 4350.40%** 6.44%* 27.18%%* 3.34* 0.11™

Each field value represents mean value (n=4).
NS * % #%* are non-significant, significant at p<0.05, 0.01 and 0.001, respectively.

Different letters in a column represent significant difference among treatments according to Tukey's HSD tests at a = 0.05.
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ARE7F 5855 Wolga Woldwsl v wolal s
7h e WAL QSik Mokgat o3t o) e et
W 2728 Car,=0.688), K(r=-0.633), Mg(r,=0.489),
Na(r,=-0.709)% 21}, o] 53} TSO,%%HPO]—OL/;, Hlola
wolF el 2| Sote] ATAE folshd esteh Cuel 7
% Wol &3} o 1T el 085202 B0
vf, Wb U Ao 20 ATUA-0.509)7F AgAek
Fel ojio] Wbt ATAL fol5hd ehatm,
Wold AX| ol o 42 B ATKr-0415).

=}
=

|

Exie| wolsy

TAR A% sEe Ak M 2 82 AR 2=
oF FA g, T1E AL FAF ol 2 AR o8
ZAEL EATLE 5-1%7HA] AzE o] WEEge 4
B2 AgE YA T A 5P 93 A

T A

A% Lo B4 AAo] swoleta @ 4 9

2Ao] E|5l Yol BAL BT FANE Sof vk
shodl, 217 the dmel the Aiold AxE FAel
A9, & 7150k QEe] $4 P2 5 BAAAe} G4
gebA)7) who] AA) Al

:;

Ol

SN et SAFA HlEol

o] wolgrto 2 wlwsts AL FAskA g 4 Atk
Y B AR olgH F2 AREY FAULS B
99.5%05, AR5 7k FA&2) FAZ 20| 4] gl
A7) TEA(p=0.2619), Wob&ol Hfol7} & e A4
o e asioley Eak FAte) Egef ue) ok
El:} 22412 A7 AA dojuris ARalo] & oy

=d|(Delouche and Caldwell, 1960), EA}A|= wrol-&
Bl oF 2 o 2xo] ARA, AEGA AFHA, £
&

=

Y
= Q40| = & (Marcos-Filho, 2015), &
X FHE sy flsf e arsich
ofelp, WolSE, WolFURS BT 12w
& uj, 74 E2o] EE FAHE 20104l AFste] -18°C
of 1298 3t AR FAKtreatment Vo™, Z2 FA=
4°Cof 12 AAFeE F X (treatment VII), 2015d 9 2 s}
o] 4°Co| 7d 7+ AAE EA(treatment VIII) SA] 2 A
Z 0] Wojx ] gkaleh. 200840 A 2s}o] 4°Co] 14
7F AAE FK(weatment V)©] A TG 97 oS &
AS(treatment VI, VII, VI 3} Woks-0] FA 2l 2fol=
glolou, Wolkwst @3] welA| ekt 22| Bt
2 <) FAAS) avt doluba ok welrk. sk
2003 AF 3] 199 7F AAE E212] 72 4oCo] A
A= ZZ(treatment 111, [V)= S8 9313 AAG O,

>Z{

A11E A35 (2022)

-18°Cof| A2l FAKtreatment 1, )= B2 AR AFAIS)
WolEE7} thar =317] wiEoll, Aol A=
BI13la1 A7 7F AR ol o8| EAF ZA Al A

A= AR YEITH

H‘llﬂ

i:I

| 2iE4ol B HESS} 71T £E
et 2N} T2 87 el Hy] A Ewe
5714 ol MR Ao|S Helr) M AEEL
= A%} treatment 111, IVOA 71 &=A Jer
| 71 Afol7t BAMORE §olslArk(p<0.05). 1
oz A Aejzils BAH Aol e
AR, Holg-o] QXL 7+43t treatment I, [1E. T} 93]
2 o] H]aff FAAG Tt HA o] Fo]% treatment
Vol H7IAEE Zrol tha o A ehich e
WNHEES 2717} Gencts 44 248 Uas
A HERIE 33 4 sl
2 52 Aa5old M FE7 Y 210
Kgiom, Kol 52 St 429 o 29 3
4 6ulf, Zo 6254 =7 LB 7] oA E ¢k
ZZ{Matthews and Rogerson, 1976 in Mattews and Powell,
2006), t5 ZA*KDias et al., 1997), E3}<E=XHWoodstock et
al, 1985) 5 F4} WEseo] Eakel o] £ R K2 Kl
o Slck 2 hg0R S5t e 2L N Cacl
o, 7]Ee A7l = FA AErolA dEEHE
714 % K, Na, Cao] 7P FHslrh= ARt ?:_IXIEJEP
(Kim and Han, 2010). Woodstock et al.(1985)+= Ca”} K2}
Ho] 10 A2 A B L BosHe ARR olgd
4= UL 5}tk Cheng et al. (2005)% 22 g 2jo|
£ Hlashr] §J8f K/Na H&S Blastgl o), & Aol
A= K/Na B]&0] K, Naf| ©h w0 Hgf &¢ =2
SAA s AR T EeliAle &t Cud
739, 2003 o) R FAKtreatment I, 11, 111, IV)2] 7
©. 0.5 mg L'o]Aaro] gl o1}, U %] ZAKtreatment V, VI,
VI, VIIN®] A<, oF 0.05 mg L& oF 108 zto]7} weh.
Fet wl¢ 4% AZHUL Mnd} Zne ofe] AEHA

N
5o
>

0o 4

[0 1%

o2 ol it N
H

o] s 2 L}E}‘;{'—tﬂ(Han et al,, 2006), = A% o] 4]
T =97 v

&

FTE Hol AL RUAL, Feol SEE LA F 2
B

= St vrebEh

3. =X} WolEMD} I-|7|I'IE BI1& =29 Akt

AL B4 BE40 ANHEE, 7714 St E4)
of uro} B4 Zholl ARUAT} QlehE, B4 a4 24
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p gAe] w2 gike 24 Wt ol 4

Aok, Wotgo] A9, HIHEE U Fed A9lat
4% 4 57149 smolel A ol
, Wobg it TAA7F 5 7l treatment III, TV ]|
Al a9 =2 3 7L ‘/PUV\] oAl 2 Fg 7HA=
Bee Bk 28y FAANE UEd= ot s, ot
£29] A, A4 e A7 =m0 Fo3 A
& HQl ®HA, 7t 5714 9] wrob= AT HolA ¢
At 3 ot Y=o A, A7 AEELE T At
A7E Sol5hA) ekgkoul, Cugt Fe Swol At AakakA}
L}E]-‘*E} Cu s okt Aol §9 AHr=0.509)
= Ho] Holtd =7t B2 Cu 27t 2 Aol
U=, o= A =3 ARt Fof viE T4 A&
o] 7oAl Cu Aol As HEEHA & A 4t
+ Z3o|tiMin and Hong, 2014). E3F 2003 o] A=
—'—7\}(treatmentl I, 11, IV)ollA] Cu =7} 52514 =3k
g, o 2jol7k A7 Aol T B AstolA 7]
A = YA AT Aol S glo] 27}
dzo] Wasith g, Fe o] A9, WolgAw
o AFTHr=0415)2 Wol Wit} AL weor), n
2ol Al Fe &= AHA|7} v WA HEEHJNoE=,
T Atolofl AR A AZE AR wdstr] o

o} 7]& Aol wh= o H 2] (Choi and Yang,
2015)2] 78‘—°r, 1*71 A B st AP 7170 FA;
71018 78 SEoke] AL %
e 0»}, AR $.9150 QA A g A%
(Lee and Hong, 1998; Cheng et al., 2005; Kim and Han,
2010; Kim et al,, 201 )% RIE 3tk AU5 221o] 7
9, B Aot e Aol F4 AES) 1A 5

=T [
=5 53l A4 F4S Hrkske ol ATt e Al
2 Hlth

o

N

o o O Ao} l
(o oy P fﬂ"i'

\l

2 E

O] U (Pinus) SA= AQSAR, AR
£ 5~10% W& AxRsto] -5~-18°Coll A #A&E 49 5~10
d o)A} AAro| 7153 Ao g odelA 9l ©tKBonner and
Karrfalt, 2008; Kim et al., 2012), 22 SEolojw 43}
FAY] s teof wek FAFo] rgo] th=7] wizell ZiA|
of whel 22 A% 24 st = EI £=Ut ohE
QUT}. AU EAH o) Az 20°C)A 64 B9k AT
A& o 2 Asprh LojuA eksteh wa vt gick
(Asakawa, 1978 in Royal Botanic Gardens Kew, 2022).
A Aol A= 12 7F 4°Col| A &g d FAA| A5}

719} glo] Qg EQl Aol ZF5at I8 CoIA L B
FAA9] Aol A9 glo] Ag717te] B Aol 4= Gl

o2& Holx= A7} 911w, 4°Ce] 149 7+ ARE 9
< wf TAAG] a7t WA dojubar gl ANAI7E 2t
£ 28 Selsisict 8 AT A5, AR
o] B Aol 4 e O Holuk, 199 ARE FAo]
A= dE F82 AHSHE 4= itk FAO9] gene-
bank standards®]] W2, £x}o] &eo] 27| L9 85%
o|3l= "o]x]7] Aol 7§Al(regeneration)o] o]FEo] & o} &t
THFAO, 2014). mheba] b0 @]9 BES I3t %
AL 7] A Al A 22 4°C ofstoll A A 71Xk 129
o3tz MAAs|a, o] 7|7F Y AL EF| AL 243}
3= Aol Q3 Ao g WL

s E %% o A, 2718 ek ek

ol

27}
A Hol2 ‘%EP&E}EE, PR 242 aap 3
w2 7he 2 ol] o] 83 4 9
Ao 4% B nE 4AT AR 95 5
ek, S} WA G A e e i
ol | AR AR Erfe] T gag ek
% A#7FE 5 Qe 7hRsAEe Bk 28y e
1A e gEe B AT ANl 7 = A
F& Holx] gkof A 7t
Be = FIEY FRe de
g = Aoz Helh F4
uhol Sof AJelago] oA 2galch
Qlom] 71 FE} ol 3y Zof Wk
%)%l © W(Eggert and Wiren, 2013), o| &3} £}
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= TE5 Tl A W Frldaso] SA9 dote
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