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e, RFRJITZEEMK, LFHEAZELT A, M FAMERADE AN R HEAZHRE, EAERTIOdN, &
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Seed germination characteristics of wild plant Clematis
dilatata with extremely small populations
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Ecological Forestry Development of Jingning She Nationality Autonomous County, Jingning 323500, Zhejiang, China)

Abstract: [Objective] This study aims to explore the reasons for dormancy of Clematis dilatata seeds and find
effective methods to break dormancy, providing a basis for the protection, development and utilization of this
plant. [Methods] Using seeds of C. dilatata as experimental material, the morphological traits, seed coat
permeability, and endogenous inhibitors (using seeds of Brassica rapa var. glabra as the receptor) were
observed. Furthermore, treatments with different gibberellin (GA;) concentrations (0, 50, 100, and 200 mg-L™")
were applied, varying durations of cold stratification (0~98 d), and treatments of different temperature (constant
and alternating) and photoperiod (alternating light/dark and complete darkness) were combined to screen for the

most effective dormancy-breaking method. [Result] At maturity, seeds of C. dilatata had differentiated but
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underdeveloped embryos. The seed coat showed good water permeability, posing no barrier to water uptake by
the embryo. Aqueous extracts from the seed coat and endosperm had no significant effect on the germination of
B. rapa var. glabra seeds. Compared to the constant temperature (25 °C) or complete darkness, alternating
temperature (25 C 16 h/15 °C 8 h) and a light/dark cycle (light 16 h/dark 8 h) were more conducive to seed
germination. Cold stratification significantly reduced the mean time to radicle emergence (21~45 d) compared
to the control (75 d). When stratification duration increased, germination rate firstly increased and then
decreased, while germination potential firstly increased and then stabilized, and the mean time to radicle
emergence decreased progressively until stabilizing. After 70 d of cold stratification, germination rate peaked at
(64.33+£5.51)%, with a germination potential of (7.33£1.15)% and a mean radicle emergence time of 25 d.
Treatment with 50 mg* L™ GA; resulted in a high germination rate of (68.33+3.51)%, a germination potential of
(8.00£1.00)%, and a mean radicle emergence time of 23 d. However, higher GA; concentration reduced both
germination rate and potential, and prolonged the mean time to radicle emergence. [Conclusion] Seeds of C.
dilatata belong to non-deep simple morphophysiological dormancy. Under alternating temperature and
light/dark conditions, treatment with 50 mg-L™"' GA; or cold stratification for 70 d can effectively seed
dormancy. [Ch. 2 fig. 4 tab. 31 ref.]

Key words: dormancy type; morphophysiological dormancy; gibberellin; low temperature stratification
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AL B AR A . PRI 4 B R B A4 BE R 2% Brassica rapa var. glabra i, A ZEOLER
HRHEARAR, 1§ =98.00%, K% =98.00%, /K <8.00%.
1.2 #FREESERSTRENE

BEALEEE 30 Kifh 7, FAERF T 19 18 AL AR BRE T A AutoCAD 2024, M, SERIUERE; Bl
BEHL 1000 FiFf+, FHHEF K 2 0.001 g) &R T TR, (AR R (SMZ745) X R 11
Bz AR DD IR S5 R A TR0, JFDUE IR RN 5E . BB S IIE 3 1K,

1.3 MFEKESEKENE

BEALIEH 100 WD FFREE TR, ST 60 C HUAR T, AEFE | h BUbFRE, HEEERE, ST
o MRS S K =[ (b I B — b5~ /b TR 1x100% #EATIHR, EAENE 3 I

BEMLIZEEL 200 KL Fh T35 4520 2 4, Forb 1 LHEAT 20 fe 4b 38 (R 7R D0 76 B Bz AR RS A2 %) 1~2 38 %
R, AR, I3 1V AR R, R f b B R RR RS, Al ZE R K TR 48 h,
Hrh T 12 h B 2 h BUB BRI, J5 36 hBF 6 h iU FRe, HLEMFEE, BRI T fFR KT,
Fi WA 7K R =[ (WK S Jo =R K Jo /K TG T R 1x100% BEA7 3158, B IE 3 K.

1.4 FFRERNAEMFHELZNZMUE

VoAb FURTL Ay B S R e, 3 R BUR ) 1.0 ¢ THEJE R, INAZER/K 10 mL, FEIR F 6%
FHEHE 36 h, B 2 h BGHEAI— Ik WUEIRET, 4000 r-min' B0 10 min, B EVERERE 10 mL,
1351 0.10 g-mL™" FPHIEIE, BT 4 C UKFE B A IR AAA T, SR B/ NESHIE /) A 2M 1,
5g L7 R FREIV ORI 30 min YR, HIZRIB/K bR RA, SRR TIEKIR A T2 H . 2%
BT ACK R R . UM A I C S EE S 0. 0.05 F10.10 g mL ™ ORI . 40 B 50 B T S A
TARIAE LRI R 24 h, BJS7E EARHR 9 om BB FRILH AT A 2 JZ U848, KI5 1 SRR 1 2)
WARAEDEAC L, VRS F% ILAY DY RET AR AR 4RI e 48, FORGERN %S, B FHEE R 25 ¢ e
WG 16 h/2HE 8 h, JEoiR 2 500 Ix FIEFRAA T, 24 h ST RN F & 285 (VLSRR B ol & ZERRfE),
48 h JE I ARG B, 72 h Rl F IR . A 3 K.

1.5 FFIHLIXE

PR AL BEVLZEH 400 RiFh 5, 50 4 6y, 2 AFETCK (ck). 50, 100, 200 mg- L™ AR5
K (GA,) IR 48 h, T 52 K ik5 .

RIZBALIE . BEVLIEHL 800 RiFh T, Y430 8 1, 43l A S A RIE IR G R IT BB A ek
F=1:1, L) BB ELET, A 4 C BUKFETRAE; /0 0I7E 0. 14, 28, 42, 56, 70, 84 F1 98 d Ml
1R, B AIRERAEEA 2 2R ARG IR IR, PR A & 10

TR ALEE . FEALEEEL 200 BiFR T, 0 2 0o RIS AR 2 Z IR iE AR A B SR I,
1 Y B ARG R (R TEEIEA), 7 1 AERDEACEE, 4350047 85 &K .

2 B3R 3 Ry XA H AR T, HE TR (25 °C 16 h /15 °C 8 h), JEEWI NG IR 16 WK 8 h, iR
k2 500 Ix (35 FRFA TP AEA T AT A, Ho AR IR A RN G IR [R) A o 5 BEHLEZEER 200 KA, 1Y
Y24y, AT SRR ARG 2 AR AR R SR L, o 1 E T IR ARIR AR, O 1
BFEIR 25 ¢, PIEREED OEIE 16 h/EES 8 h) 5565 (2 500 1x) % B AHH .

BT o AR T 3 R . IR TFUR SR H I, RO 8 & R B AR F, R & LU
MR ZEME RN B bRk, ELSE 7 RICFFII RN L ZFE5 R, Gt R R ME R KRR MM B8
PRI F B 50)%100%, & =k 2 &0 B & 50 HEAR 7 5.20% 100%.
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BMBURIFINREORTE; MIRAALACKIZ, WA BQEMIE; FF S Ffr e Bk E AR5
4, B BRI IRERIRES R . A KR (0.66+£0.06) cm, ik (0.19+£0.07) cm, JEK (0.15+£0.04) cm,
TEAFAEFE K N (3.2040.45) cm, TORiEE N (7.48+0.12) g, HXT & /KK (6.69£0.32)%.

I mm 5 mm

AN R E)Z: BORIEESE; C WFIi R DR E AL FOEAR; G. WMHh; H. 7 1AM R JEREA 2R 0. 98 2R
K. 1B A7 2R AT

A1 ARsEKEFTHSLEHA
Figure | Morphological structure of C. dilatata seeds
22 PR EMFEKE
RGN AR LT B AR AEMOK B, X 20 G5 Bz RS 2045 5z i Fp 7 EA TIOR3 . 2 ik
PR K ARG BN B 2 PR o 2105 Fh - FOR ZI0 R F7E 0~8 h ¥ sl /K fr B, 7E 8~30 h ¥ 2%
MK BT BE, 7E 30~48 h ¥ WOoK M A B . ZI 0 Fh K B Fh - IOK 3258 (117.49+29.73)%, AZIi % Kz 1
PR AR R (114.82430.97)%, P& TR 2R DL Eg5 R UL SR ERZE R B ANAEAE K BT, HEBR
Yy FIRHRFL 42
2.3 FHHBRLETH T R IEHD
W1 PR SO RIR RO (3R 10 & 25T W EMIVE R . AXF T ok, B FRZLA R4
WO SR T R AR AR KA B AR T (P<<0.05), B R IRl A K TE i & 50 o DR S Bk e R 1
IR T B A ok R i 2 $4TC  EmE

150 - x1 FAWHREENFEEILARRRRA3RE
RSN
125 L ——8&--1 ﬂ]%ﬂﬂk ‘gzﬂrﬂ]

! Table 1 Effects of different extracts from different parts of C. dilatata
= 100 - i seeds on the germination of B. rapa var. glabra seeds
! ST WkA  ERK/em R K/om
~N e
. TERI7K (ck) 0.88+0.08a 0.88+0.07b  0.77+0.05 ab

0.05g-mL 'Fflz  0.85+0.03a 1.22+0.15a  0.72+0.12 ab
25 | —=— ZI55 b 2R

. -1

o AZI kb 0.10 g mL ' 0.8240.04a 125:0.15a  0.59+0.29b

T 0.05g-mL'EF.  0.80+0.04a 1.132029a  0.85+0.13 a

0 6 12 18 24 30 36 42 48 e
0.10 g-mL'EF.  0.88+0.02a 0.94+027ab  0.68+0.13 ab

Fif ] /h
. ) Uil FIPIARE/NG Z R RR AR A B A 7 B 35 2 5
B2 fAask&RERTRARELTL (P<0.05).

Figure 2 Changes of water absorption rate of C. dilatata seeds
2.4 A EBEMEE &M E N AR L E T F 5 & B2 0E

P 2 AT SARR AR A B AL BEAR HL , I IR A A B A B oK 8 S AR R T K 2R RN K 2
o EASE Y ARAR B Sh A IR RE K T 9 d5 T 28 T R 4 B A O S RIS TR 2E R (P<<0.05), JfliF
AR S 4606 T 10d, (AERZFH TR ED, Hubnl®, EERAERT BRI, SR
LR I R BOR AT
25 FEZLNEMNAMELEMNHFIHLZNZME

e 3 s P74 GA; LS 1Y & 28 3 i 25 T GA; b By (P<<0.05). FfF £ 50 mg-L™
GA; b5, K ZFHR A (68.33+3.51)%, K #h (8.00£1.00)%, V-3 IR gt (] 23 d, {HFE
GA; WRETHm, KEZFRAR ZFHIGE TR, RIS b 2 K . 245 R3] GA; X Feflik
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x2 AEERSRELELBT ARG EEM ®3 ARRENFBRLEX FARKLEEMT

FHAR BN A & B2
Table 2 Effects of different light and temperature treatments on seed Table 3 Effects of different concentrations of gibberellin treatment on
germination of C. dilatata seed germination of C. dilatata
VsiE S REERI% BRI % PR S E)/d GA IR/ KRS oazs SRR 3
ASRHOERSCE 21.6742.52a 2334058 2 75 (mg-L ) % % T/
T+ AE R 17.3345.51 ab 2.00£1.00 2 84 0 2L67252c 233+0.58b 7
AR+ 8.6743.06b 133058 a 65 0 68.33:3.51a 8.00£1.00a 23
BT AS N 25 CC 16 WIS 8 h, fHilk N 25 C, iR 100 39.00£5.57b  4.00£1.00b 32
B oGHE 16 h/REE 8 h, AR BN 24 ho [F51 200 38.67+2.52b  3.00+1.00 b 34
AN TR/ o B 3 7 AN Tl Ak 2L ) A7 A f K 22 S B 9 /NG 5 B % AR [ Ak R ] 7 7 B 35 05 57
(P<<0.05), (P<<0.05).

FHRERAERD TIRIR 2, 28 50 mg- L' GA; A M FP 1l R RCR B AF, VR EE 9 GA; RO i
Wik

2.6 X EFRAEXFHAER L E M TR RIS R4 AEBRKESERGENAHRELET T
HiZ 4 nl g SRALBEAORITAHLL, Bh5220% HE & B S0

)%' */E{ Ale }E}ﬁ‘ ﬁlé ﬂgﬁ %Eé’fﬁ %E S]Z i{gﬂlﬁ *Eﬁﬁ ij] E]j‘ IETJ (2 1~45 Table 4 Effect of different duration of cold stratification treatment on

. PNE! SRl ] 4 S H = seed germination of C. dilatata
Do BOA e J2 BN TSR, 52 25 3665 s B WEMEA  RZERI%  RFHR%  FREARBTS R/

fiX, AFHLFATEG TR, MM et 0 21672570 23320580 pe
WA 2 e, o, WRBT70d 0, K 14 27.0043.61 de 2.67+0.58 be 45
FAGRENIR R, 4 (64.33£5.51) %, BfJE K ARG 28 31.67+2.52 cde 4.00+1.00 abe 37
Bk WIEM 56~98 ditf, KZEHHH G EER 42 35.00:3.61 cd 4.67+1.53 abe 2
(P<<0.05) HEC AT E ; WIZF 84 d i, ~FRMAR R 56 42.67£4.73bc 6.00£2.00 ab 27
BT IA R (21 d). %45 FE I 2 R SR Ak 2 70 6433£551a 733+1.15a 25
RN R A B R AP MR, BB ORI B 4 IR 84 53.67:4.16b 633:1.53a 21
HRE Bl ], (HAC B ) e IR RS 8O FRE S 97 98 28335.13de 6.67*1.15a 3
ANVERATE . AF TR % BB RIFUAS [Rl/ING S R R AN [R] Ak 1R 47 75 1 35 22 5
(P<0.05).

SRR
3.1 ARSREETFIRIREBRERE

Hif, BASKIN " ) — WA KRR R RS T IRIRS RS, Q5 ARIRBRIS A A e AR P
FEAAFEM BN MR ERME . RSB AT R4 IRARZEE R R L ER R . PRI E
B T Kz AN 385 7K BELAS Fh IR R 2 ) —Fh PRGBS FEARBEGE Y, 2005 5 2005 i Ap 4R IE H oK,
Vo SRR ER E M A E Y BIRIR SO # A B4 A KR, X5 R F SR 2 484 E C
integrifolia W REER—B, AW T, UUTCHZERACHER, FHREREER IS RFLAR FE R ok
I A A, X AT RE SR AR R R () N IR R R AR AR, O ZRIRK TC A

ABRIRZE B R IR C b B R B 584, ESIRIRATE 25 A KRS B 5 Fh - IR iR R 43 L B
S EEAE, TEFRC bR E AT, FF 0T ARG BT 1A H AR A ZERT, A
IESIRIRZERY ;. ARl 1A B 1 IR R f g, W R RIS A BARBR S A AR
5, FHRERZER T E AR IR E LB A B A S, (BFEEERIERANT, MFrE75dEA
IR FD Je G, RSN ERZEM 8 TIE S AEBIRIRZE R, X5 YANG %0 By s 45 R —2,
A1 % B C. taeguensis F1 C. terniflora WP F1EHRLE Jy 25 C/15 C B A P EFE 100 d VA B A2 %,
YJg FIE A4 BURER A

T FRARIRZE A B LSRR AN A FRORHR 2 FpRe i, BIFPFIRZE R B A A, L8 FIRIR
AR AU MR RP IR SR R HIR DL S A K B T IR G GAS By iy, TS A BRI S R ] 43R
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2, 1SRRI, MRFERRZR (=15 C) PARRIER AR KT 5 1 K2R, FirmAk
KB THEARZF(0~10 C) hbAr", ARG, FhF7eR BB R b R R IR R g, (2%
JER—ERTE, RN 25 °C/15 C MIGFAETH T EBET, MRS IERAERKARE, K%
P T, MARBE SISt R 4E e, X UL SR R TE A T 2% BRI 5, FhIRTRZER 2
RARERAEREAR, JBTRIPESAEIRIRZER, X5 JANG 58 SRS ER C. trichotoma MK
IRAER I ST 25 R — B, ARFFITIE & B SRR LR ERD T2 50 mg- L' GA; FIVEJZ AL 70 d 43 AL B, 2 Fh
Ab BT SN & SRR R SRR THE G 22 5, BERH GA, W] MR 2RI TR SRR L Fh T A 1K
iRo PRI, SRR EFF A RIR A AT LAE— A 40 Ry AR TR B ] PR 25 A4 BRAKHIR S Y
32 MNEBEMNARGEEMNTHENEIE

HEYI PR RERE TR 1 R OR PN G PO TR R & AR AL S 2 TR 20 WFST 3 . e P ORI AT &
B, A PIFERY 2 P R BEIE R (ABA) Ml GA; A E M . ABA ¥R JE &5 2 5 80Fh TR IR I3 1 7 %
M GA; W 25 B Ik ABA & & R e dF i & P00 MR R B . & EWEE A GA; X BB & C
lasiandra F4L Z5 (R0 A 35 AR HEE T, IRHRE 19 6% & JL RS (6-BA) A Al FEm i A C.
finetiana BIFP T2 2E P ARBFSE ] 50 mge L™ GA, 2 FHRER L EM T 24 h e, P IRAR B shint
AT T 52d, RZFRWIRE T 245, (A GA; WETHE, KARAEFRBE TG, TR
St a R Z SE K, (HWA I INR GA; XTI ERLLSE C. peterae FINYERERERTE C. glauca Fh—F ) K 25 %
WA E TR, AR AT DU Fh 85 & A B 224l il . 50 mg L™ GA; X FHR Ak £ R0
KA WERIER, HHEWREWEET:, e — e ifE
33 XBEUWNAMKEEMNTHEZNIE

FEREXTFP T8 KSR LA, BOR TR T A St R A A IR, AR T, Al
BRERERNF 1 & 23R LU SRR A5 I 151 2490, HEARRERTERK AR ZIE C. tomentella Fh 1€ 2 IR
S PRI S T B KRR, AEAE 4 BRE A T AT R ZERR ) AR, X S AT A SR AL, S
BREEF TAE 4 RIS IR T (0 7 S AR B sl i) ] FLAE GRS S A F 4 10 d, [H5 RS SSRaRBE M L
FHR R TR T 4 EWE RS T A0 & 25 R S FRAIG, UL SR R LR SEFh 118 A 16 G SR R BT A & -
34 REFUNARGEEMNFHEZNZIE

Y R 5 M D i R 1 B ELHE N 2R, AN (A 1 A o3 0 I B ) SRR AR B A A 25 S BT ok
BREERNIR T REGE C. orientalis BT & LB I8 N BB, 7E 20 °C/10 °C % 30 °C/20 C A48
L1 & R 5 T 709%2, AR B IEFDT-16 30 °C/15 °C (AR IR h & 2E 5 5 P ARpFse
£ 25 °C/15 C WSS T, FHRERZGER T 1 F- 2 AR B sh st (o] LU ZE TR (25 °C) BB R4 9.d, (HIH:
KRB HFHGERFZA 2 RA R, UL R E R 77 AR RIS TR i AR R & -

(SN = AR S N 2 B 71 P B el A 17 7 N7 i 47 . a9 DA N /5 SO 98 A
RW AL, SEMRRIREY, ARG, FHRREGEM FAERZ70d )5, RHERRBRGE, N
(64.33+5.51)%, BEEVRIZFBTRIHIIN, K2R B ERAL, RIS ZEXSHRRE IR 7 k7 B &R
PEER, (BRI R 2B SRR P &k o X S5MEREC X RICERZE C. mandshusica FIBFSE
GERA—F, AT A BRIV ER I A AR F RS, TAEMGRZR 140~160 d 5, KZFRA
AERNIK 70%.

4 Zik

FHR AR E Fp TR IR Y& T AR R ] PR A BRI Y, & A 7EAR IR (25 °C 16 /15 °C 8 h) Ak
5228 (LA 16 h/ S 8 h) AU FR LMl & o IRIRJZ R 70 d A1 50 mg- L' GA; Ab RIS AT LUAT RCAY $T %
FHAR R FE D 7 (19 PRI I 45 S AR 28 B P B2 R 1 o AR5 ASORT AR A 2 S o~ DA BIR 28 8 R s IR v i
T TRIEHET, (X TFRF8 R MEI W 0 8 or . FEAERROL . RANLRSE A Tk — 5T

5 5F ik

(1] CRHFAR, BEARTY, BRLL £k, 5. Fh W1 & W 2 A 0T 50 Bk (1], P [ERR 2 AR Rk, 2024, 54(7): 1226-1253. SONG
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