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Abstract: [Objective] The seed dormancy type of Rhamnus ussuriensis and the effective methods for
releasing seed dormancy were explored to provide guidance for utilization of germplasm resources and seed
propagation. [Method) The biological characteristics, water absorption characteristics,dormancy character-
istics and activity of endogenous inhibitors of Rhamnus ussuriensis seeds collected in September 2018 were
investigated to determine the dormancy type. The effects of 98% sulfuric acid (H,SO,),5.5% sodium hy-
pochlorite (NaClO), hot water and sodium hydroxide (NaOH) at different concentrations (1,2 and 3
mol/L) on seeds were studied to explore an effective way to release dormancy. [Result] The testa of ma-

ture Rhamnus ussuriensis seeds was waxy and yellow brown to black brown in color. The seeds were long
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and oval with bright epidermis,solid texture,dense structure,and tight embryo. The mass of 1 000 grains
was (19.64-1.0) g.the longitudinal diameter was (5. 0+0. 2) mm.and the transverse diameter was (3. 84
0.2) mm. At room temperature, the water absorption of Rhamnus ussuriensis seeds changed in parabola
shape with the increase of soaking time, which indicated that its testa had good water permeability and little
water absorption obstruction to seeds. The average viability of Rhamnus ussuriensis seeds were 96% , and
the average germination rate and germination potential were 0%. It can be seen that seeds had dormancy
characteristics. With the increase of concentration of NaOH, the inhibition of endogenous inhibitors on ger-
mination rate and root length of Brassica pekinensis seeds increased significantly,and the inhibition activity
on the root length of B. pekinensis seed increased as well. The seeds of Rhamnus ussuriensis treated with
98% H,SO, by volume and 5. 5% NaClO by mass could not be released from dormancy. The dormancy was
released when seeds were soaked in hot water at 40— 60 °C for 20 minutes or 1—3 mol/L NaOH for 20—
120 minutes,respectively. [Conclusion] Seed coat obstacle and endogenous inhibitor were the main factors
restricting germination of Rhamnus ussuriensis seeds. The Rhamnus ussuriensis seeds belonged to the com-
prehensive dormancy type. The seed dormancy could be released effectively by 40 °C hot water treatment
for 20 min or 1 mol/L NaOH treatment for 40 min.
Key words: Rhamnus ussuriensis ;seed germination;dormancy characteristics; endogenous inhibitor
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A. SRl 2 Seed coat; B, F FAE ] 1 Seed cross section
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Fig. 1 Seed of Rhamnus ussuriensis
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5 T H 1 Repeat 1 95 0 0
§ 20 H 4 2 Repeat 2 98 0 0
H 4 3 Repeat 3 97 0 0
o 24 . ! . . | 4 4 Repeat 4 94 0 0
0 24 48 72 96 120 144 S

¥ Fh B [Al/h Soaking duration 96 0 0
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Average value
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Fig. 2 Water absorption curve of Rhamnus ussuriensis seeds FR A f 4 460 V6 P 3k B A% B2 K S, e IR A ) A1
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Table 2 Effect of seed extracts of Rhamnus ussuriensis on germination rate and root length of Brassica pekinensis seeds

=70 R T M/ (mg « L ') Mass concentration of extract
Index CK 0.02 0. 04 0.08 0.12 0.16
K /ecm Root length 1.040.1 Aa 0.540.2 Bb 0.2+0.0 Cc 0.240.0 Cc 0.240.0 Cd 0.140.0 Cd

K ZE# /% Germination rate 91.0+1.0 Aa 80.7£5.0 Aa 80.0+5.3 Ab  75.0%5.0 Bb 55.37%9.9 Cc 52.0£6.0 Cc

VE < AT B BR AT R /NS R R 25 5 35 (P<20. 05) AR A K S R R 22 S B 3 (P<<0. 0. % 3 FIk 8 [,
Note: Different lowercase letters indicate significant different at P<C0. 05,and different capital letters indicate extremely significant differ-
ence at P<C0.01. The same in Table 3 and Table 8.
®3 LSHERTMFRERTARMFRICHAMEIF S

Table 3 Inhibitory activity of Rhamnus ussuriensis seed extract on root length of Brassica pekinensis seedlings %

8 IR R E /(mg » L) Mass concentration of extract
Index 0.02 0. 04 0.08 0.12 0.16
A3 1 50.045.1 Bb 80.0+4. 4 BAa 80.0+6.3 Aa 80.045.8 Aa 90.048.3 Aa

Inhibitory activity
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2.5 GBRERTMFRERBBRTENLREEER LR B R AR T 5 K Fh 7 b F ISR A
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FRZE A 7B B 9820 i HLSO, 5 &4y 80 FEFh T . K4 Fh 7 B A0 B R T R 2R
5.5% M NaClO &b R [ B 8] 5, B 7 & 2R 0 REVAR 8k 982019 H, SO, 5 i /380 5. 5% 1)
0% 5 MA T 2EF . R 908 %0y HoSO, 4bBE  NaClO A fEA RU# BR 12 95 R 2R 1 10 KR .

£ 4 NaClO 5 H,SO, HEHEREMFRFFEN M

Table 4 Effect of NaClO and H, SO, on seed germination of Rhamnus ussuriensis %

e AR % 98 % Ho SO, Ak BRI ] /min J R 4380 5. 5% NaClO &b 3 i) /min

fﬁ‘ CK Treatment time of 98% H,SO, Treatment time of 5. 5% NaClO

naex 10 20 30 60 20 10 60 120
Fopkops 0 0 0 0 0 0 0 0 0
Seed germination rate
ﬂ TZZ?J‘?S‘ . . 0 0 0 0 0 0 0 0
Seed germination potential
ﬁ%ﬁi{ﬁj] 94 16 20 12 6 94 90 84 96
Seed viability

2.5.2 #okaz RO WR.YGIREREMTRE W RER; ST 40 CHOKA I 20 min J5 . Fl K

R TS AR TR B ) T BRI, 40 °C f"%F ol B 40 6L 2 K R B o PT L A K AT S i R R i
POKALFE 20 min J5 . B F 80 & 25 R M L ZEH B R KRS M, W IR T A b A R S SO AR IR
A3k 86, 70 F1 60. 0%, W 3 fitas, K&k METFREHEZ—.

BRI 5 5 BB 2R Bl - 3R ROt 58 T Ml R S 25 4 B

£S5 FRBEAKMEFEREMTFRFHENZT

Table 5 Effect of hot water at different water temperatures on germination of Rhamnus ussuriensis seeds %
PO IR BE/C KR R oK BE/C K 2f 5 B2
Hot water Germination Germination Hot water Germination Germination
temperature rate potemial temperature rate potential
CK 0.040.0 Ce 0.0%+0.0 Cc 60 35.0+0.0 Bb 28.3+2.9 Bb
40 86.7+7.6 Aa 60.0+8.7 Aa 80 0.040.0 Cc 0.040.0 Cc

TE < 7 5B 5 n A A ]/ 52 B 7R 22 53 335 (P<0. 05) W AR TR R 52 B 6 7R 22 e il 35 (P<<0. 01) . 38 6 FIK 7 [l
Note: Different lowercase letters in each line indicate significant different at P<C0. 05,and different capital letters indicate extremely signifi-

cant difference at P<C0. 01. The same in Table 6 and Table 7.

AL IEF F 5B, 40 CHOKANHE 20 min J5 0 Fp T
A. Seed of CK;B. Seeds treated with 40 °C hot water for 20 minutes

3 FAUK b BRI B 5 95 BL B R U T () WL 4% 4 2R

Fig.3 Observation on cross section of Rhamnus ussuriensis seeds after hot water treatment
2.5.3 NaOH &2 [ 4 B, 5 CK AL 595 Mk 28 R NaOH 3 W B 09 T 52 8 B
FR AR 7 22 R W) WK BE 9 NaOH WAL BEOR RIS 3, - 1 mol/L NaOH AR BEFH T~ 40 min i 4 2F %
5 PR RN BT S B 20~40 min, B, ik 90, 000, IR FAENE D)5 B AP 60 ~ 120



132 P A e MR K i AR

min, Fl T 1 % 2 R BE NaOH 3 80 JE (%) TF i i 18
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T EZEER,FI 1 mol/L NaOH A 40 min 24T
1 5 5 LR 2R Rl ARIR A 3 2 — .

3R 6 AT LLA . 5 CK AL A R B NaOH
XF 5 5 LB R P A U [R) B ) S AR R 2F SR
BEFm . BF 20~120 min, %K ZF % bl 0
B F RE 4 258 B R R B R, H P 1 mol/L
NaOH A FEFP 7 40 min B & ZF 8% 5 .35 90. 0%,

IRV N S2Y 0 L EETPiNG e I e
S JBT b ST G5 A B R IR % 4890 1 mol/L
NaOH 4b# 40 min J5 , FFp B2 58 4 i v , Fi I 41 fd
WK K R B T 5 B B AR Rl R 2 A A R

LR

%48 %
100 - OCK:; N1 mol/L;E2mol/IxEl3 mol/L
Aa Aa Ad
S Bb Ab
ol N NE
& C $= =
L = = =
c N | A
g o0 §§ §§ §§ By
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27 | | &
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Fig. 4 Effect of NaOH solution at different concentrations on

germination rate of Rhamnus ussuriensis seeds

F 6 AERE NaOH BREMNESHEREMFEFENFIN
Table 6 Effect of NaOH solution at different concentrations on germination potential of Rhamnus ussuriensis seeds
NaOH ¥ & /(mol » L™ 1) ¥ Ak [A] /min Soaking duration
NaOH concentration 20 40 60 120
CK 0.0%+0.0 Ce 0.040.0 Ce 0.0+2.9 Bb 0.040.0 Bd
1 88.3+2.9 Aa 90.04+0.0 Aa 69.8+10.0 Aa 12.54+2.5 Aa
2 86.7+2.9 Aa 88.343.0 Aa 78.34+13.0 Aa 45.0+£8.7 Bb
3 38.3+7.6 Aa 71.7+10.4 Ab 65.0+2.9 Aa 28.3+2.9 Be

A. IEH A 5B. 1 mol/L NaOH 4b B 40 min J5 i 5+
A. Seed of CK;B. Seeds soaked in 1 mol/LL NaOH for 40 min

K 5
Fig. 5
2.6 FMBRAERELSHERIEMFRNIEDGDESE
B

sk 7 Mk 8 fron, 5 CK AL, H 1 mol/L
NaOH 43 40 min 8% 40 C# K 4 F 20 min 7] fi#
B A PRI S 55 95 BE BR 2R b - 12 45 0 (1 SR 7 R
ZF AR A A 4 iV D R AR, B S M SR
PR TR VR B S EAOC . Y S8 B R IR R
JREHERE Ry 0. 16 mg/L B, 2 AN Ab B XF (1 3 Rl F 4R
A 05 P X 8 B R

NaOH ¥ #ab R (9 2 95 TL R 2% Bl 8 U T WL 22 25

Observation on cross section of Rhamnus ussuriensis seeds treated with NaOH solution

53R 2 M3 3 R A BRR IR /9 A7 AH L, SR
R FRETE N 0,16 mg/L &f,1 mol/L. NaOH 4k
FE 40 min 3 40 CHIKALFE 20 min J5 . &7 B R 2=
T35 B WK 1 S MR A A F0 1 3 2 43 S AR T
36. 820 Hl 29. 096, % 2F A 4 B4R % T 32. 006 Al
30. 0% AR KA I T 0.4 F1 0.3 em, A W 1
mol/L NaOH &:FH 40 min 8f 40 ‘C# KA FE 20 min
Al AR S o5 B R A IR I 0 e BLRT
ROR AL
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Table 7 Effect of crude extracts of Rhamnus ussuriensis seeds on germination rate and root length of

Brassica pekinensis seeds after dormancy release

Vo PO v/ K /em Root length K2 F /% Germination rate
(mg+ L™1) 40 CHIK A FE 20 min - 1 mol/L. NaOH #b 3 40 min 40 CHUKAL I 20 min 1 mol/L NaOH 43 40 min

Mass concentration 40 °C hot water

of extract treatment for 20 min

1 mol/L. NaOH
treatment for 40 min

1 mol/L. NaOH
treatment for 40 min

40 °C hot water
treatment for 20 min

CK 1.0+0.1 Aa 1.0+0.1 Aa 91.0+1.0 Aa 91.0+1.0 Aa
0.02 0.840.1 Bb 0.940.0 Ab 90.0£0.0 Aa 94.042.0 Aa
0. 04 0.72£0.0 Be 0.8%0.1 Be 88.7+1.2 Ab 92.7%+1.2 Aa
0.08 0.640.1 Cd 0.640.1 Cd 85.3x1.2 Be 90.0%1.2 Aa
0.12 0.540.1 De 0.640.1 Cd 85.3+1.2 Be 88.7£6.0 Aa
0.16 0.440.2 DI 0.540.1 De 82.042.0 Cd 84.040.0 Bb

xS BBRARBEESFEREMFRERY B XM FIRKHEMENEE

Table 8 Inhibitory activity of seed extract of Rhamnus ussuriensis on root length of
Brassica pekinensis seeds after dormancy release %
Ab R R )E /(mg » L™') Mass concentration of extract
Treatment 0.02 0. 04 0.08 0.12 0.16

CK 50.0%5.1 Bb 80.0E5.1 Aa 80.016.3 Aa 80.0£5.8 Aa 90.0+£8.3 Aa

10 CHAKALIR 20 min . 17.245.0 Ce  25.144.2Cd  40.8+7.0Bc  51.8%6.4 Ab  61.0%15.2 Aa
40 ‘C hot water treatment for 20 min

, .
1 mol/L. NaOH 438 40 min 9.844.3 Cc  18.6%5.7 Cc  38.0%12.6 Bb  42.0%12.3 Ab  53.2%13.3 Aa

1 mol/LL NaOH treatment for 40 min

3 T

22 2 07 5 AWK T ey o o o g A 5 O S J
SR T AL B B B N AN A K S TR RN 5
A R T L RELAS 3006 4 0 s o DA 3 AR IR
R AR S R BoR, BIR AT SR R
144 h B, 595 B 2R A7 I WK ATk 73. 8%, %
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