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Abstract: This study sought to determine the desiccation tolerance and storage behavior of Sarcandra glabra seeds
to assist in the establishment of an ex-sifu conservation strategy for the species. The basic germination characteristics
of S. glabra seeds were investigated. Subsequently, the seeds were dried to various desiccation levels to allow for
analysis of their germination characteristics and seed integrity. In addition, the seeds were subjected to germination
tests after being stored for different durations. The initial seed moisture content following the removal of the fleshy
fruit was 32.8%, and the fresh seeds maintained their seed viability even after a decrease in the seed moisture content
to 4.8%, while the germination percentage was 81.0%. The germination percentage of the seeds decreased to 55.0%
and 30.0% when they were desiccated to moisture contents of 2.3% and 2.2%, respectively. By contrast, when the
stored seeds were desiccated, they maintained their seed viability and vigor at a moisture content of 18.6%; however,
when the moisture content decreased below 5.0%, both the seed viability and vigor significantly declined and the
germination percentage fell below 20.0%. Furthermore, analysis of the seed leachate revealed that the decrease in the
seed viability and vigor was associated with both increased electrical conductivity and increased concentrations of
inorganic compounds such as potassium and calcium. In conclusion, the findings of this study show S. glabra seeds
to possess desiccation tolerance that falls somewhere between the recalcitrant and intermediate seed types, with the
observed variations depending on the degree of deterioration.
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= 5 27 W3lo] E AA%|
g B FAxre] ado] e E= ARl AEArd
HED B4 wE gEsty] 93 =2 3 Aolrh
A FolAE FAF 23 (seed bank)> 7H
¥ 2 Sljo]th(Linington and Pritchard,
2001). FAE o83 A9 HES agHoR Y5}
7] A= Sl Y] FEjA B4, FH Ll ot
27, A4 Foll digt 712 A7 SR ofof s},
olof Br= A% HeE Hfjof gtk

Zabo] AT A% BHS ook Ae Ax9| 1
29| 7 ®olo), F7} 7120 Avie Fwof ujeh AT
ZZHorthodox seed)@} FAAA ZEAx(recalcitrant seed), 1
1 I F7F EAE 71X+ ZAK(intermediate seed)Z £
53k 4= QUti(Hong and Ellis, 1996). A& FA= 5~10%
ojife] 2 s o T ot ATt AAEHE
AL Azt &S QA ¢l a o] A
4= 1tH(Roberts, 1973 in Pritchard, 2004; Walters et al.,
2005). FAGY FAE 7] FE0] 30~-40%E =1,
el AAE = A &S el7] wfZof(Pritchard,
2004) A Ax7E B7FssHo] A S HokstA,
Fol 4 4 k3t 5o 8 AHo] offE EAS =tk
o] 59 Tt B 7= $A174/d FAKintermediate
seed)= SH& 10~12% 5 E= Aot AlAEA] &
= AETA dxd 4 qlon, o] oo w Axshd &
Ho|u A A4 o] "o R th(Pritchard and Dickie, 2003).

A A A dE Y S A% W4d(desiceation
tolerance)& 2|53ttt 2o Aze] Yy} 1Rz}
33 FEE §ASH: O BeAo|nw, df 47 ol4e
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QA Fd, A% o] A A o F Hpshs ol
7121 71IckBewley et al, 2013). o5 S, cjiiol
A RS WY dAOA AEof &
o|5°| =& t4lste] dFdutolu} th o) L5 §
A5 gteh= 7Hd o] 9J o m(Koster and Leopold, 1988;
Chen and Burris, 1990; Bryant et al., 2001), $x} &g ot
Ao A =A== late embryogenesis abundant (LEA),
heat-shock proteins (HSPs) THai 2l 12|31 LEA Tl Aj
Aof G F= abscisic acid (ABA) JA] Ax AT}
Ao] glrkal & A ATHOliver et al., 2020). L2
AAA ZR e} o] A zo] wzksk(desiccation sensitive)
TEY B Alzdt 23S 31ESHA] Sohd, v o] A
dAA A S dAY A E= AY dSoll ZA7t
A71= 59 HalE YA ErkKim et al., 2014). whabA]
FEEE FA AR WS wolels A2 AR BE

o g 1o B rlo

o

bol iz gk Ay Bt 443

Heb e 9% WA WASE @ 4 gon
(Millenium seed bank, 2022), 2& A =29 22171 A
% S TR ojieh Hele X o A% 7S

sholske o] WEA] Wasieh

2

ot
o2
)
oo
~_~~
<
[
]
8.
3
.
=
a
aQ
o
—_
[y}
(e
=
(@)
b/

= %
o] = Ao HuESY, 53] k2, @

gt At Ao HEE UK Zeng
et al, 2021). E3F w7}k 10458 FHA A53to] o]53)
2U7MA] Fokgl7] wizoll AL W FaL T v
& = Slol ®ZEA7L =k olFA SdxE -8
AL O B A, 1Al AR A 7R 7F wif- =
Eoluh, ol Ae APEA7F e A ¢l Heh
F7F o]FofA ¢¥S Wil Itk(National institute of
biological Resources, 2018). A -g|Leto| = S5
7] oA E I, =7 ES 917]F(EN), =

A 24 W AT B HE AW ARE3Ye

(T

d
T O =)

]

& rlo

Fb7to] Bl Aoz defA glom(Seo et al, 2006), A=
(Seo et al., 2006), ZZNHIOKKil et al., 2012)S o] 83t ZA]
A7} ol ol Firk. AR W AL P2 3}
T 9 SHo Tgh AFo|A LF T e {F-F71 Hoto|

1 K 3% 8} Qk(Tu, 2018). 18

2

E =

YA A% EAT 22 A HE = Millennium seed
banko]|A] A|-Z3}= Seed information databaseo] A|A|=|o]
UA| o m(Kew, 2023), a4 Q1 A+ Auf GA] Harg
HE itk duba o2, 1.2 gk oA At 5
Azof Wt SAE 7= A9 B2 AoR dHA
At} &, 2= ofg] Aol = FiAdHs TS
FTAE o] &3k AR HE M £ ] dA Ax
g 2 A EAE Fste Aol RIEA] Hasirt

f8



444 BEILMARRIZ2EEE

1. -:;—'AIXHE

A= 918 so E}oﬂg ]uq 21 A& 6.20+0.36mm, F->
A S 5.76£0.39mm, 171 7] 0.14£0.02g2 ZAFE| I
A= 4 32 gy e g, 71 AE 3.79£0.21mm, F-S
A& 3.16+0.09mm, HHZ 21.3+0.04g0| ch &% 235
o] 22 58-S 32.8£1.5%%th

2. wot 4 =L

S FAe] 7)1 Wolg AL, Fulo] that 3
HE Q7] 9 B AFe| FAS AL 3020 AL
SaAelE THste] bzt wot e AN, Wob 5
e el (45 At ok Age 27
90mm W= 2] €] 4]e] o2b<|(Whatman No. 2) 24-& 231
FRSE A4 2L Wolgo 2 AgSYla, HEx 7
2 253 4utE o g AlskoT) MAFSE 224 24 °C, I

16A17L, & 8A|ZEe. 2 A= AAFATo| o] HholA | Z T
A25aA g = TolA](Anchor papen)Z2 FAMS AL
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A2 4 O 0UT A F Lok At doh
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sk Wobst dolux] kg wAl el Welet %
o 8 xAr

HolElE o8 F4 ol 4L FA9)
Ige 4 }8} | 935t Wol2(GP, germination percen-
tage), SAAME H71617] Y8 T50(Farooq et al., 2005), F
2H3Fo} S+ (MGT, mean germination time)(Labouriau, 1983
in Ranal and Santana, 2006), 2o}<:%=(GS, germination
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(CUG, coefficient of uniformity of germination)(Heydecker,
1973; Bewley and Black, 1994 in Ranal and Santana, 2006)
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3} tiHong and Ellis, 1996; Millennium seed bank,
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(Millennium seed bank, 2022). Az A & wjd &
4 “’HIE 2Ast0] Pof WIS G259, A% A
% 3 A=RE AFSt s SA kAL ot
%‘—% AABATE e TR A=
L, 103°C HAz7]0fl A4 17A17F A3t
Zgsto] A4kstolet. g2 109
#e 259 4urmoz Axshach

24

=4

oA

40 o

24

ne ol M

W
o

r’E‘ -lo{l

Jo
o
i

e e m>; m
]
)
il

4. EXIO| XMEM 7}

=4z FAe) A2 el o Rt gigle
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WY 70 AR A A s ] 2 ol
B4 2 AE /)5S Selsh) 93, 5207 A F
A2 o R ot HBE sk T4 HE4E B4
shick. by FAHe Ax BAME S 3ue) ARS A
SHLIL, FES ST B4 HH L ol AL A
ATk B4 HAE W25 BAS S8, ot 4 A
g F4E 108 ol AFte] HHe] @ HEAL A
T, 37 FRG 25mio] W wib] Slef e 2443
Fob H0pm O 2 3 AsHgch o] F F4E Lelsto] o}
ARE sk, AE4E AIHERS 2453 57

HA&49] A7) A E%+= pH/Conducti-
vity Meter (Orion Star A215 pH/Conductivity Benchtop
Multiparameter Meter, Thermo Fisher Scientific Inc., Wal-
tham, MA, USA)E o]-gsto] S48kt 7718 242
S=A% Zek=ut B3 A|(PlasmaQuant PQ 9000
(Elite) High-resolution Array ICP-OES, Analytik Jena AG,
Jena, Germany)E o|-&35}o] &5 E3 5 Na, Mg, K,
Ca, Mn, Fe, Cu, Zn9] 22 BA59h A% YAS
Q7137 Yot g =42 109 44HE,
ol AW e 15Y 49HEoR AAstgt,

4 AR 9

6. 7 24

2} Agintel X2 7k ot B4, A/lMEE, $714 5
S AolE HIshs] SIste]  UYURAEA(One-way
ANOVA)T} Tukey’s HSD AF&AAL AlA5Hgic). o}
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EAX 559 Ai EAEAL R software version

4.0.2 (R Core Team, 2020)°.2 843}t
g 1

1, wot M2l E1t vlm

A2 A0 FU o5 Blsh] ) ALsaA
oo} PAHE| S vEE A3k 309 A eseH el 7
9, FH L} ulwsto] Wobg, Mol W HokFe
Goll 4 FAES] Hol7} vhekibx] ghotek(Table 1), o}
29] 749, 300 ALGRHTLANN FH 2o ul3) B
T 14% B RLOLE W 2 WA} A 1 Kol BAA
OR §ofskA gkon], TS0z Bdoralde] B, &
AL 242 21631, 223909 2ol W) A28
2ol A 2239, 25092 ©3]e & gk mo] ol
£ H7sHe AR e gl

2. *F =g K| AX LHAM T}
Az FAE AHT A FAe| dis) Az szl
w2 bt Wol 5448 AR A= Table 29} 23k

Table 1. Germination characteristics according to pretreatments.

tf. S4 % A= TeE 9] WSt uhet ol E4o] o
gt on], SAF R {7t Aol 7} U ATHp<0.05). ;‘q
2] [oA 482 48%E IA gagor), ol
T50, ﬁ?%}%#, Hropd = 3

Ap S0 Fhavo| whE ol ZEul FAAY e
TAF 5 o WS dold & EHkE e ok
Ao ®oltk ey Axrt ALEo] 22 80| 7t
7} 2.3%, 2.2%= ZhASE A7) 19 A 7] Mo A drol-g:
o] Z+z} 55.0%, 30.0%% =LA ZAaste o, TS0 F+
o}l 47} 271849 aL, Wot &=9) wrold YA =7} 7t

aste] gk FXA7L 27 Dol
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3. EXto| XEM Ty}

4z BA0) A% 109 LR ue wol S4E
st L Table 337 Zrch tjzTel A2 239
FANEE 28.1+1.4%) S 212F -18°C, 4°C, 25°C0] 52
73 Ao & ol AlES A A, -18°Co XVJBJ
2, T2 S0 dojykon, o AoAw 3
‘:'E‘OPOPXI ook}, 25°Ce] ATt T2} JA| Tiko] 7+edo]
e UERL 1% wotala] gpof SRl mE salgh

—J—X

Coefficient of

Treatment Germination T50 (day) Mear.l germination Germination uniformity of
percentage (%) time (day) speed .o
germination
control 81.0+12.4 21.6+1.1 b 22.3+13 b 0.92+0.15 0.13+0.05
cs30 95.0£2.0 243409 a 25.0+0.9 a 0.97+0.03 0.09+0.03
significance NS * * NS NS

Treatment cs30 means cold stratification for 30 days.
Each field value represents meantstandard deviation (n=4).

NS and * are non-significant and significant at p < 0.05, respectively.

Different letters in a column represent significant difference among treatments according to Tukey's HSD tests at o = 0.05.

Table 2. Germination characteristics of fresh seeds according to desiccation levels.

. . Mean .. Coefficient of
Moisture Germination .. Germination . X
Treatment content (%) ercentage (%) T50 (day) germination speed uniformity of
’ P ge (7o time (day) P germination
Control 32.8+¢1.5 a 81.0£12.4 a 21.6x1.1 ¢ 223+13 ¢ 0.92+0.15 a 0.13+0.05 ab
1 4.8+0.1 b 81.0£6.0 a 23.240.4 ¢ 242409 ¢ 0.85+0.06 a 0.14+0.11 b
11 2.3+0.1 b 55.0£5.0 b 31.5¢1.1 b 33.6+0.8 b 0.44+0.04 b 0.01£0 b
11 22404 b 30.0£2.3 ¢ 36.8+1.9 a 39.242.7 a 0.2+0.02 ¢ 0.01+0.01 ab
Signiﬁcance skskosk skkok skskeosk skekok kkk %

The seeds were dried for 1, 7, and 13 days in treatment I, I, and III, respectively.

Each field value represents meantstandard deviation (n=4).

* and *** are significant at p < 0.05 and 0.001,

respectively.

Different letters in a column represent significant difference among treatments according to Tukey's HSD tests at o = 0.05
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Table 3. Germination characteristics according to storage periods.

A2 A435 (2023)

Coefficient of

Treatment Germmatlozl T50 (day) Mea1'1 germination Germination uniformity of
percentage (%) time (day) speed .o
germination
Control 81.0+12.4 a 21.6+1.1 b 223+1.3 b 0.92+0.15 a 0.13+0.05 b
52d 86.749.4 a 28.5¢+1.8 a 28.7£1.1 a 0.47+0.03 b 0.05+0.02 b
73d 46.0+16.2 b 23.9+0.5 b 241404 b 0.48+0.17 b 0.29+0.06 a
Signiﬁcance %k okok Hokok %k kskok

The seeds were stored for 52 and 73 days in treatment 52d and 73d, respectively.

Each field value represents meantstandard deviation (n=4).

** and *** are significant at p < 0.01 and 0.001, respectively.

Different letters in a column represent significant difference among treatments according to Tukey's HSD tests at o = 0.05.

Table 4. Germination characteristics of seeds stored for 52 days according to desiccation levels.

. L Mean . Coefficient of
Moisture Germination . Germination . .
Treatment content (%) ercentage (%) T50 (day) germination speed uniformity of
’ P ge o time (day) P germination
control 28.1£1.4 a 86.749.4 a 28.5+1.8 b 28.7£1.1 b 0.47+0.03 a 0.05+0.02
I 18.6£0.7 b 93.3+54 a 273+12 b 28.2+1.1 b 0.51+0.04 a 0.06+0.03
11 5305 ¢ 20.0+11.0 b 36.9+3.6 a 36.6+£3.0 a 0.08+0.04 b 0.63£0.77
I 2.5+0.1 d 5.0£6.4 b 35.0+1.4 a 35.0¢14 a 0.04+0.02 b -
Signiﬁcance skokok skkok skskosk skkok skskosk NS

The seeds were dried for 0, 5, 20, and 48 hours in treatment control, I, II, and III, respectively.

Each field value represents meantstandard deviation (n=4).

NS and *** are non-significant and significant at p < 0.001, respectively.
Different letters in a column represent significant difference among treatments according to Tukey's HSD tests at o = 0.05.

Ao Uttt C1eju 4oCel] ARt FAre] ot 54
& BE ARAA Zpol7F A THp<0.05). A+ A7 717E
o] 521 B, AF FA] ok HiEek folzt
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wof okt AR gaste], FAATE AT A
= SASAT 4°Co A T3t ARGt TS A, Bt
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E

B4 WE4 SAS AT B, PR UASE
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LBkt
£ wo} S4ol 4] X2 zboll BAR R folg Ko7t
2AATHp<0.05). WA, B4 gl W 186%3l el I
o i olg Tt o} 7} s esreh T @

80 5.3%2 A4S AT oA+ wolo] 20.0%= =
A ol 3, 2.5%= A Ael MoAle Befe 7l
2Bk ol AF AT FAY FES 23%, 22%
THA] 2R 5 AR WL 55%, 30%¢k Ml .
B4 Felo] o wheA ghadt 2L AT 4 gk

2) -:-X]— xlz/\ E/H
AAE 2210 Azo| WE 2} &40 A AT
B4 A3k A ARl A A 7 xfol7h ElekA Vet
5O H(p<0.05, Figure 1), A 2|7t tf$u|w 23, & 15
2 BREdch WA, Hel 1 F4 Pegol gasia
14. Wol&a} dhol &7 ZFASHA] ke 1807 AV
29 HHAZEE 36.0 uS/cmzE ) ZH38.9 puS/cm)2}
olgt 2fol7} LrEpLA] gkokeh Leiu Expe] wolT
P% 7h 2A g A9 nef I A& A713
Al Z+2F 91.2 uS/em, 83.8 uS/emZE =2 S Y
1:}. A AEo 1 S 243 23 Na, Mg,
K, Ca, Mn, Fe, Cu, Zn & Mn3} Zn& A&7 gglon,
Ko| F&=7} 7H4 =Skth o] 5 Na, K, Ca, Fe, Cu9] 5=
oAl A2l 1t FAA L AFol7t UL, Mg == A

e =(0 u lo 10
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Figure 1. Electrical conductivity of seed leachate according to desiccation levels.

Different letters above the boxplots represent significant difference among
treatments according to Tukey's HSD tests at a = 0.05.

Table 5. Inorganic compound concentrations of seed leachate according to desiccation levels.

Treatment Na (mgkg") Mg (mgkg™) K (mgkgh) Ca (mgkgh) Fe (mgkg") Cu (mgkgh)

control 10.86+2.187 a 31.79+1.973 358.7£111.3 ab  46.68+5.599 ab  0.494+0.028 a 3.819+0.205 b

I 10.05+0.777 ab 33.60+1.914 269.6+33.69 b 412742361 b 0.437+0.023 b 4.308+0.164 a

I 6.864+1.607 b 38.044+4.153 537.0£152.4 a 55.28+3.171 a 0.383£0.022 ¢ 4.767+0.195 a

I 114141412 a 33.824+2.902 464.3493.53 ab  47.63£5.359 ab  0.330+0.009 d 4.635+0.216 a
Significance * NS * * oAk HAK

The seeds were dried for 0, 5, 20, and 48 hours in treatment control, I, II, and III, respectively.

Each field value represents meantstandard deviation (n=4).

NS, * and *** are non-significant, significant at p < 0.05 and 0.001,

respectively.

Different letters in a column represent significant difference among treatments according to Tukey's HSD tests at o = 0.05.

7+ BAA ¢l Zpol7} §11tH(p<0.05, Table 5). H=7} 73+
EUE K& Cad] 9= A 3t A2 MoflA] diz i
oY E2 3E Hilon, Cu FEe BE APl A
2t 22 g 2ok 28y Fe 555 2E A
glatoflA tixETh 3 gk UElen, Na 5=
Ao wE FS1g FES HolA drh

[

l hl
G 5% B4 ol B4o] that FRE Ak o] WA
sk 4% % glol 90% o]4)

O 1}(Seo et al., 2006), &HO]
}5‘— Aol vl HHx FA=
rot FfjAfofl 25 o4}, ol A} 50%7F Holsh=
209 o} aQE o] A 9FE FHo| = Alo® AFH

ik 7 ¢re AE]A Ew(nondeep physiological dor-
mancy)®] 7%, 45 C’é oA 60~90Y 59| A-25a-A
22 44 E}JF“ 4= 9] © UKBaskin and Baskin, 2014), &
Az FAe] Wop MA 2] auks vlug Ad 7:‘-‘ﬂr 30
25aA 27t Wokga} otk E, okt
a7t gl Ao Uyt webA &
H o HRlo] ey FHE ofd Zow wdtEn, 54
TollA vie] FEjE wEkste] e S o RE HE

ol &2 ol S BAsH o] Basich

[ T o T

2. ZE BNl UX L4

220 Az el HEE melely] SlRHE F2 A%
A2lg o drgs oY el 2dsk 292 9
7}l Wil o] o]-8-FHthiHong and Ellis, 1996; Millennium

seed bank, 2022). &A% Z2}9] AR $£Fo| WE o}
S4& AR 23, T4 2% A5 A 32.8%

olm, A AT FAL FHgo] 5% wlnkow Fasig
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