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Abstract: Epimedium sagittatum plants have an important medicinal value and a huge market demand, but the
characteristics on dormancy and germination of their seeds are still unclear, which seriously affects its industrial seedling

production and cultivation. In order to verify the type of seed dormancy and the optimal way to release and promote
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dormacy, using the mature seeds of E. sagittatum as experimental materials, we investigated the water uptake and the
desiccation tolerance of seeds, as well as the effects of temperature, stratification and phytohormone on seed dormancy
and germination. The results were as follows: (1) E. sagittatum seeds had no physical dormancy but had desiccation
tolerance. (2) The germination percentage of seeds was zero at 4—25 °C and darkness, and these seeds had dormancy
characteristics. (3) The embryo/seed ratio was very small, as well as embryo growth and development and seed
germination rate and germination percentage were increased by stratification at 4 “C, 10 °C percentage rate and
fluctuating temperature stratification. (4) Gibberellin and fluridone significantly increased the germination rate and
germination percentage of seeds. In sum, all the above results indicate that the dormancy type of E. sagittatum seeds is
morphophysiological dormancy, and the optimal method to release dormancy and promote germination is to stratify the
seeds at 10 °C for 30 d and then transfer to the environment of 4 °C. This study provides the reference for industrial
culturing seedlings of E. sagittatum.

Key words: desiccation tolerance, Epimedium sagittaium seed, germination, morphophysiological dormancy, stratification
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Foft ¥~ AR 22 5 o 5 70 35 B A BE S5 1F R IR
RE T & 1 — Rl AL, X b 748 4 19 28 A7 0 BATT R
FISCHEME A (Gao & Ayele, 2014) o FFRHRIE A
W R B 3 ) — > HEZE R I (Donohue et al.,
2010; Huang et al., 2010) , =7k FA9FhFIKHR 2
TEIR W AV AN B 55 AT 304 KR F= 1 i K
JEE 4 e R AR RO — B0 A I, AR K- B AR B 7T RE S |
ERTTEA F A K =TI IR Z AT &, A TE %)
HAET- I XUESE ( Donohue et al., 2010) , M i FFE A%
VEW B 7 i F B 4

PRBR S — A5 A i Mok, 32 B8l 352 4% Tl 3R B
PRI R P | A8 W) ) o 22 18] A 7 o1 PR IR 1) 22 4 1
F13%3 M ( Baskin & Baskin, 2014) . Fh KR 7]
I N FRARER (physiological dormancy, PD) JEZ&%
PRHR ( morphological dormancy, MD) JE 254 #AK
il ( morphophysiological dormancy, MPD) . 4 #f {K
il (physical dormancy) FIZH & PRHR ( combinational
dormancy) ( Baskin & Baskin, 2004 ,2014; Iwasaki
etal., 2022), PD fA1E T HA T K B AR
b T2 SR i T 2 3 v AR Y A A
YA Ky = 5l &5 (Chen et al.,
2010) , PD J& &b AR IRIE =X, T 43 TR EE | rh
BERNER AR BRI, 2 A TR T £
B4k 7MY b (Baskin & Baskin, 2004, 2014;
Finch-Savage & Leubner-Metzger, 2006) ., MD [ #f
TN (REFEA) HE 0k, F 7 1w kA
o B TR IR A T Ak B L5 AR e [R] R AR
KE BRI, Z 5%, MPD 1B A KK
H 584 Az BRI A9 I, 7~ 1 e i R il Ak

HR A FHAL B, MPD Y Ff 5 s 1) A= R/ i AR 28 1 b
Fe T BLRBF[E] E MD B FR A

Y ZEMIETR (abscisic acid, ABA) HIZRE
Z (gibberellin, GA) =55 FIKIR F1H5 & /0 32 1l
( Weitbrecht et al., 2011; Iwasaki et al., 2022),
Dong %5 (2012) & B, FBEER (fluridone, Flu, ABA
AY)E BRI A GA, W E IR S8 A i &
AFRARHRS , T 45 MR ( diniconazole, ABA 73 f# AL 15}
g ABA 8'-¥% Ak W (9 90 &1 F ) A1 £ 2wk
(paclobutrazol, GA A=W Bag& AR A IR ) 3455
BT K BRI . 78 B AR B B b 107 & Y 4
PR, Z2 2% BT Y Sk 435 e S0 I 14 4 1 T 9
WE B A W E G GA,IIER] . FellJE ABA Fl GA
IR 2Z 18] ) ~F- 8 K 4% A R4S 5 i e 175 A4
FriR iR DL K £ 3 Wy 8 45 b i 2 AR Y
( Finkelstein et al., 2008; Graeber et al., 2012; ¥
A, 2020a, b) o MAM BT ARHR B B — L 3R 5T K]
RR, e 2 AR IR /R E R SO B
{RE T Ff (Baskin & Baskin, 2004, 2014; Black
et al., 2006; Finch-Savage & Leubner-Metzger, 2006) ,

HEE R (Epimedium L. ) fH %) Ky /)N BE R}
(Berberidaceae) Z4F A4 AR Y)Y, % &Y 2 55
i, & E A 45 M, Hoh P E R ( Epimedium
brevicornum) \FiMIEFZE (E. sagittatum) FEBEF
%2 (E. pubescens) FHEEIEFEZE (E. koreanum) FIHL
IR EFE (E. wushanense) H{HAENRILHEZ
By BT (R 142 ,2020)  TREAENE
ey, e g8 (MR A R 2 ) | BAT RN
FERBRIR Z T4 TR Im R b 2 S8 9 TR 97
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B RGA AR 28 A AE L5 b B | i el
WG YA R AR A R R ) U BT
g BRSSO 2R B
R 43, FEEALFG SR &Y By, £
B RIE R A — LTG5 M i L H (Kang et al.,
2012; ZEERERAE, 2020) , KA LIOR, Fl 71 & 1A
MR R AR K 2R R A2 WU A A R R AT 43 o
e, (EH B8 2R B0, I o B A e R v g T ™
eI, JAFESK, B T 5 e R B K B, i 37
P A U A 2 R AT B0, I A S, R, A
FFFHEAT R 2 F O R 2 = e Ak 55 b
AR iR P O B ) A

VR T A W AE SR S AT B IR R B AN 5
G T L — B A (4 ¥ 2 R B0A R 2 B4 B
W&, AR MIRIRI G (KL%, 2010; 7
KB, 2012; Mm%, 2015; 7B 4, 2016;
Rhie & Lee, 2020), GA, &b F{ ¥F A% 113 2 78
(HBAE, 2016) F1EH £ % F 48 (Rhie & Lee,
2020) PR YA, FR0BE B b 2 R D 2 48 0 AR 1L
FFEM TR RRE (IR, 2016) . HmREE
(2015) I FH & L HT A 1o 56 LA Rz B 42 0 o R A 0
il BB AR 025 B 5% T 5 v R R R R i R R
Mo BRI, R S R R 0 R B R B & R AT
AT HE L A SC LA B A ) F R R R RO A
BEWFFE T R X 7K 2 (0 WO B 14 K it 4 L
KR FE 2 FURIAE By 38 0 b1 15 & 0 S i 3 &
PRI I S 00 DR AR I 78 R G s AR IR
TR & MG B, AR B W RS

1 MEE T &*

1.1 &l

TME 2 (Epimedium sagittatum) 1) il AR
SEF 2020 4F 6 SR HIKRE R /NKR AL (110°07" E |
29°77' N, 1302 m) AR FHIRE /N T 9.9 °C L fix
BHRN1HA EHIRE3.5~43 C, M ANTAH,
SRS 26.3 ~ 28 °C 3 AE SR TR 82 300 mm, 5
% (4—6 ) W2, 240 48%, Kl 5 4
ST (2543) CHI(50£5) DAIRHREE T [ K T4,
FERhF MR IER IV 5, TR T &K 3 (9.7
0.49) % ,— B 43 FpF F 1 K 2L 2 #r , 55 — 364
FhF1E 4 °C R A

EoK 958 ( Zea ways ¢ Zhengdan 9587)

FKFEG© HAW (Oryza sativa  japonica’ ) Ffi 1
T AR A8 AL B 27 e Al 2B 1 R DR e i o % R
Sg AR
1.2 it Bt 7k 1 5 4

W5 KA 9.7 % i T T 07 1 e o 9 R
BT RA TIREER R TS, 0 K 0.2 .4,
8.12.24 36 h J& ,— &5l 5 H T I05E & K&, 7
— AT AE 4 CFRBL60 d J57E 10 CHIR
A TR .
1.3 &/kENE

¥~ 7K 2t 1) D o 2 BT s ol 6 P 2 1Y)
J7 1% (International Seed Testing Association, 1999)
DA E A E 3 LR
1.4 FilF 34 7k 53 B9 IR L

(LR EE S =31 A N S/ R Rl | W/ 2 L s o
FERTE A TR B AR FE SR P, A 7 mL 2518
K, T 25 C ORI ERRE b 3 ) W JH AN [+ e [ 5 0 5 b
TRy E K&, Bl & K & R B A S ok
TR,
1.5 EFRAIE

FERIETCHE B, B, BB A Ak
AKAPBR R, 121 CH KA 30 min, AU HA
BB R I A SE & B9 T K, %R R CE 20
min J5 , WG 2 4 K, JLR 8 5 K
H9. 7% M MR T H5RENE RS (V/
V=1:10) 7E AEAEPRIRE K5, 7 0I1E 4,
10.(4+10) . (10+4) (4+10+4) CHIEEZMT
B, e, EBRAR R4 AR, B, —5
SRR OLYMPUS (SZ61) MRzt i s WL g ik
LA, 40 R 55 R/ (embryo/seed , E/
S) K] (R BE/Fh 1 A BE ) 5 55— o3 Ao
AR AR W T R Y A RN R
1.6 HFHH%

ZANFAE B A7 0.1% (V/V) NaClO K
W 15 min J5 , I 7EECE W2 U8 4R 00 55 3= L
A 6 mL ZE /KB [R) e B A DR A BURUNE
MR , 2 5 76 U B I B R RS A A R k. DUR
HRIEWEFPFZ 2 mm VR W5 & BRI
1.7 &Zit o

JIE AT B0 35 48 FH SPSS 20.0 4R B H 3 7
Z R (one-way ANOVA model) #4750 #7,
X 2% S i 3 R Student-Newman-Keuls
(S-N-K) Kz $ i € (P=0.05) .
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2.1 FF 337k 5 B9 R Uk

H T fE R T B Y BRI, R 3R A
i 5 AR EOR MUK R AP F4E 25 C FIERE
I 0~72 h, FRATIEL R, &7 01 7 L FpF
HA 2 BBy K oWl BB BE T (0~4 h) 1
P K F B 1T (4~72 h) BIZ18 WK B3 &
W, TERYE T, B K 2 9. 7% 3G in F
52% ;7% By Bt IU, B 7 19 % K & DN 529% 35 i %)
56.7% . FEKRFIKFEF WK FE AT 538 3 4
BB, BB B 1 e bt e Ak ATy B I 9 2% 12 Wi oK
DL B B 785 & Ja sl oK (B 1:A)

FEWAK IR 72 W P, AR ULER B i i 28 2R A Fp
W s FH R, B KRN K R b il 2 T 7K 2 14 38 i %
Wik, ERFUKFERD T35 5 10% 1 & 5 1 B a]
43904 22 h F1 33 h, ik 3 50% B & 2R 1) B[R] 43 5]
34 h F142 h, HUZAK 72 h B, EORFUKAE R T
I & R K F] 97%F1 93% (K 1:B)
2.2 PRk 3t FhF 5 & B 220

ST ET R S T K R K
N 9.7% (EEE IR MBI EEEMTE T
A8 T e 3 T E AN [) A B ) 0 — 25 B K B Ak A
W RS KR R R, Z SR g T R, Wt
K2 h B RS KRBT 18.9% ; /K 8 h
2K 12 h, FAREMNTRET 4.2% (K 2:A),

7K 4 h F1 8 h, &K EM 9.7% T F5517.3%
5. 7%0F , Fh 1 (224 CIERL60 d J5) AYiH & 4
s e E— 25 WK, B B B &R RS T B B4
XTI, SRR EES (K 2.B), K
Jei B R bR oA 28 B K 0 B A
RACHIE 155 d B4R & i 28 5 K 0 Fp 7
W R ALHS 105 d BYIFUREE & (RFRMEE) .
23 BREXNMFHEANEIG

Shy BT R SR R S W R IR
SRS WHT B TR R 143 BITE 4 10,15 ,20,25 C Al
RIS T WK 30 d, il &R EFE (KFRIEL
i) o B2 164 CHI10 CRISKMT , Fl 120 5I1E
WK 115 d F1 145 d FFERE A&, Bl 4 WK 15 8] 7
B, B A R R A BN 2 R K 240 d B R
(I R 09K 55% F1 44% (&1 3:A), THTE 15,
20.25 CHIAMT , Bk 240 d, B 1R & %

5 2% 0 F10, FF7E 4 CH10 CHISMT
RENE 0 &, 7E 4 °C R A 2 3 R A & R 1
BET10C (K3:A),

Sy it — 25 3 B0 R 7 09 38 B R IR B K AE 10
CEM60dEHERF 4 CHEM30 dryMp 18
TR B AT A, 45REI, 4,
10,15.20.,25 C T, #1985 & 2 53 518 88% .
85% 3% 2% F 0, & ‘B B i &R 4 °C F1 10
C., TEBI R, P76 10 °C R & SRR i
T4 °C{HBEE W AR 30, 78 4 CF Ay
e RN AR = T 10 € (KE3:B),

2.4 ERAEXFEE KT FIHLZ NI

2.4.1 BARIRE A K o9 R E R SR M T
MERIERLTE I, Fp 7 P IR R RN RERIE IR, B/
S FLHAY N 0.07 (F 4:A,B), BEEZLE4 CHI10 C
rh SRS ] 4 168 0, R N BROE IR & & 2L B
IR F IR R R B, R A IR B A AN W Y
m(E 4)

MR FAE 4 C PR AR ZFL 0~ 60 d B AR
K218 (E/S WK/, BEH 60 d B E/S HE
49 0.09; 7E 2R 61 ~90 d HIRZE A=K, 22
90 d i} E/S FLMH M 0.14; 7EZFH 90 d Ji R i A=
K, BE 165 d I E/S R 0.88 (K 4:C),

MR FAE 10 °C H 2 B, IR Y A K 3 T v
K HE 165 d i, H E/S M~ 0.8 (K 4.D) .
TATHEE], 78 10 CHEBRM 7, H E/S A
BERTAH 4 CHERWFF, nFpF7E 10 Crp
JZR160 d B9 E/S WAH (0.24) LLTE 4 CHEFUH
[Fi] B[R] B9 EEAEL(0.09) 35T 167% (K 4:D) .

MFTAE 4 CHER30 d JFHEBEE 10 Crh )2
TR, PRI A KR L — A 4 CH 2 RA K TR,
B, 4 CHIJZF 30 d J5HF) 10 °C rhgkg: 2
60 d iFhF, H E/S HUfH (0.25) [LHE 4 CHER
90 d FPF (0.144) M T 2y 74% ; 7E 4 CH)ZH
60 d R E] 10 C o2 E/S WETEZ
WIS —EAE 4 CHZBRNF 20, A 7E 10
C HZ R a) AU ZE K, H E/S s A Brséhn (14 4.
C), FFF7E 10 CH)ZH 30 d 5 60 d J5H | 4
CHIZN, H E/S IEH R E KT —HTE 10 C
thERR TR E/S HfE. i, B —EHAE 10 C
HJZF90 d i, E/S LWIEK 0.4;7F 10 CHZ
30 d J5¥E#%630 4 CHIERL60 d, H E/S HAEM0.83;
7E 10 CHJZFL 60 d J5#% 5] 4 CH 230 d, H
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Water content and germination of seeds were determined after dry seeds were imbibed at 25 °C and darkness for different time. A radicle length

of 2 mm was used as the criterion for germination completion. All values were x+s_ of three replicates for 100 seeds each.

1 HiMER R  EORNUKAER TR &K E (A) SBAR (B)
Fig. 1 Water content (A) and germination percentage (B) of Epimedium sagitiatum, Zea mays and Oryza sativa seeds
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a. FKEIAEL; b BRI, M TE TR MBI R RS, e i Sk k2, Bk R R 58
1E 4 CTER60 d SRIGTE 10 CHUBRE AP R HIA 72 do IRARE AP EZ 2 mm AR5 U A FRIE, BITA IEUIE 9 50 Rifh ¥ 4 1k
HEMNTHME + bR, TR, FEE MR R GFEFIRA R [ BEEZESR (S-N-K, P=0.05),

a. Change of water content; b. Change of germination percentage. Water content and germination percentage of seeds were determined after
seeds were dehydrated at surface of dry silica gel for different time. Dehydrated seeds were first stratified at 4 C for 60 d, and then
germinated at 10 C and darkness for 72 d. A radicle length of 2 mm was used as the criterion for completion of germination. All values are
xxs. of four replicates of 50 seeds each. The same below. The same uppercase letters above bars represent no significant differences among
different treatments ( S-N-K, P=0.05).
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Fig. 2 Response of Epimedium sagittatum seeds to dehydration
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A. Freshly-collected dry seeds; B. Seeds stratified at 10 °C for 60 d and transfered to 4 °C for 30 d.
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Fig. 3 Effects of temperature on germination of Epimedium sagitiatum seeds

0d 60d 120d 165d

165d
1.0 E
1.0~ 1.0 —®— 4 °C (30d)+10 °C (90d)+4 C
| C D » 0.8 —® 4 °C(60d)+10 C (60d)+4C/
w .84 °*4°C /% @ 0.8 » ;&/' 7a o ,,8
o 84 °C(30d)+10 C /@ m ? o W 0.6 /"
M, 0.6 74 C(60d)+10 C /X M 0-6 [ ) = /./
& V- 7 & /| ¥ 5 0.4 /®
0.4+ y ~ 0.4 /A =} 8/
=) A/ =} l /g —e— 10 C i S
0.2+ gy 0.2 ¥ 10 caodrac 02 /:/2'
——F il —v— 10 C(60d)+4 C s —o—¥
T T T T T T T T T T T L T T T T T T T T T T T I I I T T T I I I I T
0 15 45 75 105 135 16 0 15 45 75 105 135 165 0 15 45 75 105 135 165
=R ] Stratification time (d) JZFUEF ] Stratification time (d) ] Stratification time (d)

SRR I S T AR T TS (] B L A5 TR AR W A I 85, P A= B B L8 A0 5 IRy K/ A IR RT3 B/S Ul AL B 7
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The freshly-collected dry seeds were stratified in different temperature combinations for an indicated time, and the embryo size was then
observed, measured, and photographed by stereomicroscope, and the E/S ratio was calculated. A,B. Morphological change of embryo during
stratification at 4 C and 10 °C , respectively; C—E. Change of E/S ratio during stratification at different temperature combinations. The arrow in

the figure indicates the time point of temperature change. All values are x+ s of three replicates of 10 seeds each.

Kl 4 AREJZAUE B R R AR R (/B T, E/S) BRI

Fig. 4 Effects of different stratification treatments on embryo growth (embryo/seed, E/S) of Epimedium sagittatum seeds
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B &I A] Germination time (d) B & i Al Germination time (d) B & W] Germination time (d)

A FHTAE 4 CHREBL30 d F160 d, ZJ5 fE 10 CHIRESARAF R Hi%; B. #7610 TR BL30 d F160 d, ZJ57E 4 C
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60 d, ZJa1E 4 CRUBRE AT A FAE KRR T I IR (T T, AR A EZ 2 mm 75 2 B0 T 52 10T K B4 1
BT A BB 50 R0 Fh T 4 I AT H e hRiERR . TR,

A. Seeds were stratified at 4 °C for 30 and 60 d, respectively, and then germinated at 10 °C and darkness; B. Seeds were stratified at 10
C for 30 and 60 d, respectively, and then germinated at 4 “C and darkness; C. Seeds are stratified at 4 °C for 30 d and transfered 10 C
for 90 d or at 4 °C for 60 d and at 10 C for 60 d, and then germinated at 4 C and darkness. The arrow in the figure indicates the time
point at which the seed begins to germinate. A radicle length of 2 mm was used as the criterion for completion of germination. All values are

xxs; of four replicates of 50 seeds each. The same below.
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Fig. 5 Effects of different stratification treatments on germination of Epimedium sagittatum seeds
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Seeds were stratified at 10 °C and darkness for 120 d, and then germinated in different concentrations of GA;(A), Flu (B) and GA,+ Flu

combinations (C) as well as at 4 C and darkness for 60 d.
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Fig. 6  Effects of phytohormone gibberellin (GA,) and fluridone (Flu) on germination of Epimedium sagittatum seeds
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REEWM (F5:A), FhFAE 10 CHIEZF30d  H60 d IR TAE 4 °CH I & IR R 45 d,
360 dJE, BT 4 CHUERR T L, FFrdkEm 7EdA 150 d B AET &0 518 93%F1 96 %, 1E 4
RN R CRW B ER N, £ 10 CHER30dmM CHER60 dBFF7E 10 CHii & ik T 50%1
60 d MITEFRCRERL (K 5:B), BFf] A 135 d,1fAE 10 CHZF 30 d FhF7E 4 Crp
FiF7E 10 CHEZBI30 d 5 60 d JG7E 4 CHF BIRFIRE] 50% MR 60 d(E 5:A,B)
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PR ARIRZF (4 CZFL30d + 10 CZFL90
dEi4 CJZFL60 d + 10 CIEZFL60 d) #RAE W& 1
INFRFE 4 °C A & SR RN & % i kKR8 F
50% SRR 70 d (1 5.C) s 578 10 CHZR
30 d 3 60 d J57E 4 CHE AP LLE, A1 g
KRN B R RAC, B AE 4 CH 230 d
% 60 d J57E 10 CHEH LM TFmiEZE (K5),
2.5 REEMRIRA M FHELZNREER

R T AR R AR GA I
G R AR TR S el S AE 10 °C ARG E AL 120 d
R B B, FAEARFIHRBE R GA, FRUERR AT GA,+
FEMR P&, G5 AR, 1,10 pmol + L GA, X}
il 7 A 8 & A VE T, 100 ~ 10 000 pmol + L GA,
A 3 A BF A 75 &, 10 000 wmol + L' GA, {2
BEE R K F1 000 pmol - L GA,, L K Fh T 1Y
B & RARIE T 70% (Kl 6:A), 5~500 wmol -
LS i b 5 b 412 4 D 8 &, LW R R T
90% , ¥ L X R 46% M VI & (Kl 6:B) . FEi
B 10,100 wmol - L GA, 8 [7] B, 3 % %8 i 10
pmol -+ L= 100 pmol - L FY 9 E B B 1 B9 B A&
B (CRRUIEAE) Ay & 28R L Sk s i AH =]
W GA, R 2 IR R AR 95% (Kl 6.C),

3 TR

3.1 S ZFERF K5 BRI

b8 A B 7K 23 W WSOT B, 25 IR 9 Bl b Bz
W & 45 (Bewley et al., 2013) , #iM R F2EM T
AR 3 W e B A s K (BB 1) FIZE 18 0 ok
(BrBcIl) WASBBe, = Kk B9 55 MR B, 7E R B
L 7R 35 7K bl e i 2 529% , 2 B i v
P N RE LS 3oy I NSRS R 7/ BLE 7 N [ = |
A9 7K 43 W WACIE: F A BE 3¢ ( matrix potential ) DR 31
AT F K BAE# K (Obroucheva & Antipova,
1997) . BB Il MoK HH 72 h (HEEER R
RUER) Je/K o lnaim i, DL ESSR S A
FEFAE TP T K 2 WORCR Bl (B K 25, 2010)
B 1L A 7K 3 W AT s o 1 2 5 | RS 4 5 TR K 7Y
72 h N, R AR RO R R T B LR
BRI I BL, 78 25 C T, FRFK R
TR B B B T 0P oK, B Be T
BoE WK A K B B A G W 7K, K R K R

Tl AR 81 2 3R Bt 2 W 7 0 4 338 00, 43 ) 7 W B O
34 h 142 h k%] 50%5 % %,
3.2 Bk X FHE & MR 0

G A IR TR PRl T (orthodox seed) K H
AR S e TERE AT (J50) B URORAF v DG B
VER (RS REE 2022) . Fill B 2Em 1 &K
M 9.7% NIER 4.6% ,Fi 4 4 CIZFR 60 d J5 1Y
WY & RATR K 56.3% , R W FP 7 HA M LK%, (H
FRERER R, B i K BT 60% , AN TRl
MK AT TR TE 4°C 2L 60 d K BE5E 4 bR Fh
TR R, AR 9% 25 58 0y 1 7 @ A ) b 7
F14) g S G ol I 9 U0 1 R 0 O A 4 0 T T K 1Y
WeHs
33 REXNMFHANZI

B S i R B IR R 2
— WP E R & A BE 1 R & IR TR TR
w14 F/E R A2 AR BR ( Brandel 2004 ; Baskin &
Baskin, 2014) , M EFEM 75517 4.10.15,
20,25 CHIRBEAAE T WK 30 d, Hdi &R AE,
TP HAT IRIRERME . SR, 76 4 C A1 10 C 1Y
ZMR Ry e K 115 d A 145 d B GR S
& B K 240 d B, FhF B 85 & 345050008 55% Fil
44% ;7% 15 .20 .25 CHFMT, 20K 240 d B,
Fh—F A &% 53 5 2% .0 F1 0, 3% 3 B i i 22
FAEF T B AR IR R R B A
B &, VA S 4~10 C o] RE R ET R F P & 1
W, R (2016) MBFSEEEREW AL
M T HEBTEMUR (4 °C) Pk, ARETEZ
I (10 C/20 C) A,

10 CIZFL 60 d J55# 5] 4 CHh)ZF 30 d
HIFRh T 7E 4 10,15 .20.25 °C F B & 50 0N
88% 85% 3% 2% 1 0, & I Fh 1) 1k B A % I
H4~10 C,

3.4 ERAEXFEE RN FIHEZNZ N

Graeber 55 (2012) #2H, IRHR 2 — Fp B 1
AR HBRBE R & B IR AR, 004 R Rl T
FE R I R B B AY , 7E A B Ik B AR K
VS TEREE BT (S5 SR B R Rl p Ak
HICIR BE 32 i [/ ( Finch-Savage & Leubner-Metzger,
2006; Holdsworth et al., 2008) , i M FEAE R0 T
TEIE T rh R AR BB/ (E/S HU{E 0.07) ;5 Fifi
HRIFAE 4,10 °C 2 BT [E] A3 I, Iz i KT
WA E R OIE M AR IER AR (E/S AR
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TR Wi R LR RO IRER S A S5 B L 1947

F0.8) ;X KU HT - F M T HA TR SRR, 76
410 CEBERE D MR A K AT, Hins
S5 (2015) WAL BN ALY 45 3 A 52 & 7 v o
FERDTF BRS04k, 45 B e BT IR B B, 76 J5 Gt
B IS E L KT, RS, S EE
B (EMS, 2013) MARINTEFERE (BE L%,
2010) A EA UG REME, T 2 40t — g 1) [A]
MZFA REAR HEIR A AR, X S 28 2L 55 5 ff 2 o
FEAET ) 25 1 F IR AR 4 L i & A i 9 0 e —
., WIEEREEM T MK LT, /£ B KT AE
6—9 A1, MR K HMN 9 H FAIE 11 AR
sAER B 12 AWIIRE s K, IR B L) 4G
KEERSIN T 16 15 FpFAE AR 3 A&, B & Fik
84.4% (Rhie & Lee, 2020) .

MEFAE 4 CHHIZR 30 d JFHERE] 10 C
JZRRS A A KR — B 4 CHRERA K
B E 10 CH 2R AT, 2 E/S HE B K
T4 CHZBMAF, XK 10 C)ZHRAAF
TIHBAERKET ., A, 4FF7E 10 CHJEH 30
d 3% 60 d J5iE %3] 4 C 2T, K E/S Y
BERKT—HE 10 CHERMTFH E/S I, %
BH R AL/ B IR v Rl BB A7 7E S 2 AR R B 9 T, 7
4 CHZEFELTE 10°C H 2 BUE A F F X e 4 K P
A T R R B ARG, AR A R R, AR
2 A F T & R MR A K A F . Rhie
Fl Lee (2020) &3, 4uilfif 22 5 FhF7E 20 °C 8§
15 C a3 LA ER

TE10 CHIKRSAMET i MR E AP T 1 kol
RN K& R A TE 4 °C v JZ BRI ) A SE 4 T dnb 34
. [FIRE FE 4 CHIRSMET Bz F =R 1 iy
RN & AR 7E 10 °C 2 B ] A9 SE
I S 3538 0 5 i 7E 10 °C )28 30 d 3 60 d J57E 4
C H AP & B 3R R AL = TAE 4 Crp
JE30 d 5 60 d J57E 10 °C TFfRRFT XLk
W & 25 5 R B E T B/S HAE R 2, )
KB (2012) i, AR EERFE 15 Cp
AFE 1 ~7 D JEHER R 4 °Crp | WRE A K AR 71
R RN (HREZE 15 °C 2B ) 1Y T K Fh
(R 2 R 30, T AD 7 i B & R T %

4 CIZ30d+ 10 CJZF 90 da 4 CEM
60 d + 10 CZFL 60 d 17 )2 F#R BE W 25 3
Fh 75 4 °C b (81 & sl 2R & % X 58 R 2
B E/S HE RS2 ma 2540,

3.5 REZMRCEX M FHLZHNEREER

ABA J2KRHIRIE T 5 4 15 09 1E W 3= K 2R
T & B GO T 1 GA, RERIRIR 1 9E
KAFEHT ABA BN, B AT B K LS 5 5% [ 4
PR BE R 5 & e T ZAEF ( Hauvermale
et al., 2012; R EE, 2020a, b; Iwasaki et al.,
2022) . XFTAE 10 CHIEREH)E 120 d 19 (IR
B B R EZERR T, 1,10 pmol «+ L GA X Ff
T By KA VEH,100~10 000 wmol L™ GA,H i
AR FEFP 1 & (B R0 1 8 & RARACT 70%
X F B GA, BB A 2 HE R T W &, 5 ~ 500
pmol + L™ 5UNE [ d 2 {2 1 Fh - A W &, LW kR
BIRT 90% ; X FHFp 098 & ,10 pmol - L5 100
pmol + L™ A U BE Bl XF GA, A3 I BLAE H . 75 48 46
(2016) FIFHZRE (10 °C/20 °C) JZFL90 d 1A
LR 228 R 1 A R, AR 28 1 300 I A A B 3%
X AR LR 2 78 Fh PR AR A7 3% 9 52 ), % 30 9 W T
IV P | 78 25 A VR e 55, I L 36Cme 1 mT LA
PEFEAEAR IR P AN REHE & AP F i & . Rhie Ml Lee
(2020) WRELH], GA,4b HHRE 3 Jin 5 £ 22 = 25 Fp 1
IR AR B 8 & AR E A AN B R R
KT 10% , X LL25 SLARK W], ABA 75 40 i & i 77
FEEM TR PR A EEEM,

4 b

T R 2 RS B D R 3 K N B ) AR
I b7 5L T O K 1, BB AR 5 K o AR TR A &5
PF R 7 4 ~25 C RIS T, FRO T &
FNFEE/S HAEAER /N, 4 .10 °C A4S i 2 A e 12
FEAR NI K LA S8 N 7 10 0 & R &
5 GAFHFRUIE B fii dnb 25 185 A~ 1 W & 3 3
% Z . HHE Baskin 1 Baskin (2004, 2014) Finch-
Savage il Leubner-Metzger (2006) W &5, ASBF 5%
INH B R SRR A IR IR ZE AL MPD , BEIR
W R B & 1Y) Foe il Jr vk 2 Fh 5B 7E 10 ¢
JER 30 d, HE T 4 CHREEhiE L,

SE .
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