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KER, BEA, ®E%, I

(PRI KA Rl 222 Be , £ 730070)

1 E. N THITEHZEZE I ( Gentiana crassicaulis Duthie ex Burk.) FiFARIRAG N 25, BEERIRIR, T H A
FIRBBH AWk, DLT RO ZERIUR o b RE, T Fh - oK 22 KoM IR W A 16, (8 FIAS [RIve B2 1 AR R
(GA;) . =R (KMnO,) . L ZE(PEG6000) Flid b A (H, O, ) R #EA TR A A3, L AEAS [F AL #4511
XPHHZER I F I R B, 25R W, FZEZR IR B R F oK &G B W BHAREH ;. ATV E R
XFESE . /NI R AR R R I MRV E T s ASIR) ok B A AR My ML ZE 22 0D+ B B i R 3R — s 1Y
RER, SRR F] 0.1 o/mL B, MHIEHS B (P < 0.05) ; R R P AL AT $2 mtH 22 2 JURh 1Y)
YRR, WEER 1.5%MBORE W (P < 0.05) , i 4l b E AL BRI ZE 2 TR 7 19 W RAURAS AT, Ak,
1 500 mg/L #7578 22 FR1 300 mg/L (Y5 £ ZFE b B ] i TR 2 22 JURFARIR (P < 0.01) . BFFESS
B RH ZE 2 TUR0 1 PRI 4 2 i R IR P R 3 22— Rz LR B A A — R g T Fh i &
HZEZTAFBA LA TEIRIREE . SRR T | REREMAR L ZEE5 KRBT TR FIRIR . 4655
T ZEN ], $R AT IR RETT

KR BRI R T Bk
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Study on Gentiana crassicaulis Duthie ex Burk. crude
extracts and method for breaking dormancy

Zhang Hai-Xian, Chen Xue-Lin*, Da Qing-Jing, Ma Wen-Bing

( Northwest Normal University, College of Life Sciences, Lanzhou 730070, China)

Abstract. We investigated the dormancy mechanism of Gentiana crassicaulis Duthie ex Burk.
seeds, as well as the applicable technology to break the seed dormancy and encourage rapid
germination. The water absorption of seeds and activity of crude extracts were determined
using dried G. macrophylla seeds, which were dry stored for after-ripening. We conducted the
germination experiment by soaking seeds in priming solutions of gibberellic acid ( GA;),
potassium permanganate (KMnO, ), polyethylene glycol (PEG6000) or hydrogen peroxide
(H,0,), and then compared seed germination under the different treatments. Results showed
that the G. crassicaulis seed capsules did not impede water absorption to any great extent. At
the different concentrations, the crude extract showed inhibitory effects on the germination and
growth of Chinese cabbage and wheat, and a certain inhibition effect on the germination of
G. crassicaulis, which was the most significant (P < 0.05) when the concentration reached
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0.1 g/mL. The KMnO, treatment significantly improved the germination rate of G. crassicaulis
seeds and was the most significant ( P<0.05) at a concentration at 1.5%, whereas
treatment with H,O, had a much less significant effect. In addition, soaking with 500 mg/L
of GA,; and priming with 300 mg/L of PEG6000 disturbed the seed dormancy of G. crassicaulis
(P <0.01). Our research showed that the seed endogenous inhibition of G. crassicaulis is
one of the factors affecting dormancy, and that the seed mechanical barrier affects seed
germination to a certain extent. The G. crassicaulis seeds showed comprehensive dormancy
characteristics. Soaking the seeds with KMnO, and GA, and priming with PEG6000 interrupted
seed dormancy, shortened germination time, and promoted germination.

Key words . Gentiana crassicaulis Duthie ex Burk.; Dormancy; Seed; Germination

H1 2 % 7L ( Gentiana crassicaulis Duthie ex
Burk.) J& TRIREMY), ZAEKTmiEHRMX, H
WNEA RS, BAYIR, S, W R
PEEAER, AR geh 25 207 (1 MO Fh 5L R AR ) 2
— U MIZEZE R A 0 e R A A R A
R 2 Hpr i > UL A B AR A Rl 22
JUE R 2R LR AT REYE . A0 R K s AR B A
IR Z —, MZERIULZFRERE, FhFRIE
TG AR, HAERGE A RIS T 2R
£ 20% ~ 40%, I H KL 10 d AR, 74
SRR N EIF S NI OB S S |
TR TR TAHCHIESY, EG A PRI 14 J5t X1
WEAR T LA A HRaE Y AR SE B0 LRI ZE R TR
JAERE, R ERIRIR N i, DI R ZE S
FLAARKG A AN TN i — 2 A B AR

Tl R B S A ) 0T P45 — R 91 A8 A A D)3 3
PERIL, R A YIS Y IAEE B 2 B Y B SR
—, HoXt A P S RO BT, BT Al
FRORBRAILE], XA = AR TARRIR 1 T6 E
FRIE L,

fift FH AN R 245 g Ak B 0T T8 A A AKRER, AT 58
I AF T AL A N AR AR AR AR, T A
FhrRyag &' RERRENE RO E,
REVS T 2 Fhdn i K i il 35 AT 2 58, 96 o
K, B LT i K i B 53 W 3 Fh 1 IR 2L b oK g e
MMEAR, WM R ERICERET Bk
R FHASTR) R FE ) R 25 R I VR R X 3 5 1 5 R A Y
( Rhododendron concinnum Hemsl.) # F i) & 2
R, HBRAEATIR A, ReTE—E FEEE LR
ORI R Bl ol 4| B % e A ) B
30%id AL AL B v R4S ( Stipa krylovii Roshev.)

P B 4R T 2R RORR 2R T AR TO
FERI, H 0.4% ~ 0.6% I = 4 IR 40 17 Wi il
fiedR =M ( Cinnamomum camphora (L.) Prest)
L LA I 54 7 L o | E 0 R N

FIHE Fh IR BR 0 J7 325 38 A HoAth 77 =8, Hey-
decker %5 R I RN TR A B, WTLMR R RT
R, PO PR RS, IF H AR S L A
Bz N, R L R T 8 A g ] R K
P eI RBINA TR T Y R RiE T, oK
FRERE LT MR A I A i R
Z 1 6000 4t FEEHS ( Pinus pumila (Pall.) Re-
ge) Fl 7, KREUIE N 10% 19 R £ — 1 i b ¥
36 h TR Rl T4 0 3 TS 94.0%

Folt Kz AR AR LA T REAE — o PR FE L 5% i -
Ko HOMEE R APUMEE S . W H,SO, it NaOH
AL BRFP Rz Y AT FT R S ¢ & ( Datura stramonium L. )
NN S 1 vy s s A B 11 /R R
A REFFIRIR . A AN EFERNEZ —, &
DA 253t 7 BhRRJE ( Quercus) HE W AP T 1 1R
AT T IS, AR & AP b BT 3 40 i 4 o
FEORRE A SRAZEAR, X AT E RS LA
PHE R RS A BRI B IR AR S Sk T
¥ ( Euscaphis japonica ( Thunb.) Dippel) Fl -
WEFE e B, b 5 AR 32 5 A 5 m 1 HE 0y P IR
k78
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BT . s,
1.2 KWAHE
1.2.1 HEEHFAMFRAEUE

il H LT ROP RSB AREL 2 g #hF, ¥ T 50 mL
Bebid IMAZE K 20°CHE IR, FEBE 1 h B
AN, FHUEARM T/K 3 5 FRE, H % 36 h 45
THEFFIRKE,

WK G 7R - WK AR

TR = oK T x 100%
12,2 IMEESLHTIEEN NS R LN

M E

(1) #FHARDHG & RAEBKRE
HUT L FREUCHIZEZ TR T 20 g, TEBFER T AFRE,
Hm 100 mL 28K )5 56°CHEIR/KIBRIZHE 24 h, 1t
UERRIE IS Ak SRR 2 R, /I 3 IRIRIEW T
56°CHk 4 32 25 100 mL, 53k EEH 0.2 mg/L
(R b AR AR DA

(2) P FHEMTAZERKWZME. S %
GRS RO AN T B E AR A T 43 )
3 0.02, 0.04, 0.08, 0.12, 0.16 mg/L, LIiEK
fERXTEE(CK) , T HEAEN 9 cm BYE;FR L m A
5 mL HEW, #H3%( Brassica pekinensis (Lour.)
Rupr.) FiFHEIL 50 i, T(25 £ 1) CHiFEM TR
MEd e, WALHE 3AEE, 24 h JFIE IR
FpFH 28R, 48 h jFIEARE , THEIHIE T,

e L AEFRAIMK (HZER)

IVRIHE =1 5 iR (3%

(3)HEWMMNEEKWE . = BEE
SEUS RN TR KL AV R A R R 4 A
O(JE/KXTHE) . 0.08, 0.12, 0.16 mg/L AbFE/ N
( Triticum aestivum L.) 1, #4535 1L A
5 mL HLEER AN 30 R/ Fp T, TR E R (27 +
1)°C, BRI, HA4H 3 NPT,
48 h JF i % /N 22 b b ER 43 R0 R FR 4 nY K R
72 h JEME /N E MR E e, MRESRINES
HREE 2k,

(4) IR ZERA M FH LM, %R
IRk, B AR 2 R TR T A 2R
Ff . 0 ) e e BE A O (T K X)L 0.04,
0.06, 0.08, 0.1 mg/L (HLIEWIRIALHR L], %t
ANKEFE L 50 A A IF I A [\ e B A R 48 T
5mL, ®HANEHEAR 3 WFITER, 20°CH k&

x 100%

WG RS o B 300 ) SR R kT kL v R O
MU, BRI 2F 00, 25 15 d

REH,

N RPN S

BER = e Smm T
1.2.3 ITHHEZEFAMFIRERN A E

P AMR M ZE R IR P T b3, (1)
THAKIRML 24 N(XTHR) 5 (2) IREERWEWIRFN 24 h,
e % E S 100, 200, 300, 400, 500 mg/L;
(3) E AL TR AR Fh 20 min, EWWEEE R 0.1% .
0.5%. 0.7%. 1.0%. 1.5%; (4) R Z _BE
12 h, ¥ W W B & & S8 100, 150, 200, 300,
400 mg/L; (5)idEAEAR 2 h, HRHKE R E
$0.01%., 0.1%., 0.5%. 1.0%. 1.5%, %E4b¥
HIL3APATEER, BRI 40 Rk 2%
JURhF, H s R R A A SRR AL B 3 G
JEHRIAEE ) KR FRIREE R 20°CH T R R A& W
(B (5 FH 28 B /K PR R LR, A R I M 28
57 d & k% # (germination force) . % 15 d
i1tk % (germination rate) , Wl MK 1154
Ik

x 100%

. 57 REZFH

w3 Y Sy —y 100%
BB = s

- 5515 KA

o= ———— x100%

FHR = s T
§ o . Gt
{ﬁjﬁ‘é@l( VI) = ZEI‘ X Ls

Kb, Dt AN L ZERT], Gt 25 Dt iE kN
FENE () ZEFR T4, Ls 2l
1.3 HIESH

K Excel 2016 F1 SPSS 19.0 #f4-x ¥ 4 ik
oA IER

2 HER59H

2.1 MHESFTMHFIIRKME

Pl K S 25 I 7R, 20°C T 25 % JUAp
T K 23 B 32 R () %) S KT 2 90 4 4 A Ak (A
1), FIH SPSS 19.0 XM /K R By AZfb it —In %
WA FERNA, TN K N6 1 35 Aol st [0 25 £ i £ £
— IR Z I TR .

y = -0.0004x* + 0.0338x° — 1.0679x> + 14.039x —

6.1929 (R? = 0.9718, P < 0.01),
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Fig. 1 Water absorption curve of G. crassicaulis
seeds with soaking time at 20°C

M 2 I UL, 20°CF #2528 JL Fl 7 37 Bl
KEN 6 h, WK R A R A SE K 5T
BT 6 h &, ik 26.2%/h, ZFhE] 18 h K S 16
ML, M18hF| 24 h, 4 h NFh FIKEMAE T
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Fig. 2 Water absorption curve of G. crassicaulis
seeds with soaking time at 20°C

(based on univariate polynomial equation)

2.2 MAEHRAMFHEWHFELR
2.2.1 MFHEEYXAFEKNEIE

X SR I IEPESL 0 B, BEE LRIk
FERIIE I, X SR B & AR 3R A K 1) 52 ) B
Wi, dlE R (B 3), MYk E S
0.02 mg/L B, 32 H & AR R A K iy 4 ) s
PR AR BEE SRR B B T, I TG Mt g

301
201
10

0

0.02 0.04 0.08 0.12 0.16
T ARIRIKEE (g/mL)

Seed crude extract concentration

E 3 MHEFAMTFHERYNBARFELMIRRERNZM
Fig. 3 Effect of crude extract from G. crassicaulis seeds
on the germination and root growth of cabbage

2.2.2 MFHARYITNEERKBIID

FHZEZ8 TUXT/INAZ (00 FH T R BLAE W R 3%
M AR A R P AR R AR S, ARV EERY
FLER Y RE/INZ2 b B i 4 R A A [l 7 B ) 40 i 4=
FH, BEA R4 P v B 0 i, A R R (R
1), HIRYIMEEE Jy 0.16 mg/L B, X/ fh 7
FIEE &% (P <0.05) . Hi E¥#5(P <0.01) Fldt T
53 (P < 0.05) K AMHIEH B2, 2l KT
38.98% . 71.98%F1 69.54%, Xf/NFZ i b4
ARKMEERERVR, B2, HERSTEASILZ
2 AEE, UL ZEZR LR AR X /N2
Tk . At E KA AR IHEER, B
JEART I SER A A
2.2.3 MHERMMEZEEABLENZM

SRS IR, ANRIVEEE AR R ZE R L
T8 5 A W W RIPET (3% 2) , BHEHLIRDIHK
JEMTE, REFIFIGRE, AR 5X A LA
ANFIRR BE A AR, YR EE vk BE ik 3 0.1 g/mL
B, FFRISE O d AFFIREE, AZFRHAA 27.33%,
IHEH B (P <0.05) , BHIPHIZEZ IR FAAAE
P &,
2.3 ARGFILENEERAMFHENIN

R AR TRV B (R AR [R) 245 7 A 25 28 TUR 7k 4T
R AREER LSS, 25 R W/R (R 3), ARZGHIAL A
H, BRI AERRTE RS 5 d, HEXFREERET T 2 d,
Hrfr, 500 mg/L AR 8 R WM 300 mg/L R —
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Table 1 Effect of crude extract from G. crassicaulis seeds on the germination and seedlings of wheat
LY PUSE I 7 A0 P53 e, b P 5% b P %o BRI 2%
Crude extract Xof BEZH B L A KB H AT KB H AT FRE
concentration Germination rate/CK Length of shoots Underground parts Content of chlorophyll
(g/mL) (%) (%) (%) (%)
0 100 + 0.00aA 100 + 0.00aA 100 + 0.00aA 100 + 0.00bB
0.08 45.56 + 5.09bB 85.25 + 6.29abAB 80.08 + 5.30aAB 102.91 + 4.03abAB
0.12 37.78 + 5.09bBC 73.28 + 5.26bB 57.53 + 5.62bB 108.98 + 2.92abA
0.16 27.77 + 5.10cC 23.89 + 2.11cC 24.39 + 2.73cC 109.68 + 2.54aA

TE: BN + ez FPIARKRS FREFORZEREE (P <0.01), REVNEFRFIRZREE (P <0.05), T,
Notes: Data are averages + standard deviations. Different capital letters within the same column represent extremely significant diffe-
rences (P < 0.01), different lower-case letters represent significant differences (P < 0.05). Same below.

F2 MHERAMFHRYMNEEZZAMFHEZOZ MM
Table 2  Effect of crude extract from
G. crassicaulis seeds on its own germination

S FEL ke BE
S BT A R

oncentration L L

of crude extract Germination days  Germination rate
(g/mL) (d) (%)

0 7 56.33 + 1.52aA

0.04 7 42.00 + 2.00bB

0.06 8 38.33 + 1.01cB

0.08 9 30.67 + 1.15dC

0.1 9 27.33 = 3.05dC

RS AL FRROR B 3, R ZF 338 92% 1 90% (P
<0.01), i 1.5% = 5 B2 B0 A0 # A S 2R R AL A
89% (P < 0.05), HXtHR4L (Z518K) AH b 431 4
T 168.66% . 155.53% il 152.68%. it %A 1k &
AL X LA b, 2R KRBT T 1 d, &
R | 73%, WARERAIA 45.94%, &
SR ZER S TR, (5 2RO A HoAth b 2R
W, 1 500 mg/L JREFR KA 300 mg/L
PRSI ZE 22 U, LR ZF 0 LX) R
A4 T 153.89% 1 146.22%; 1.5% fei 4 R
BRAL TR Y K AR TE T 157.76%; i BAL A
WAL TR % ZE AT T 88.51%, A b HoAth &b 3
R 2%

15 146 B T bW & 1 Bl ) R R S5
JE, SXTRRAIALL, R 4 ZBEMR R R IR Ao kL
ZEZETURF IS SRRSO BN I, BRI X
VR 24 7510 T 348 5 o (10 35 o7 P D G 6, X R ZH p
(AP0 AR T AL ERA, Pl & A B i mT
REtERL/N, AR (AR T &R E 2 d, fAR]
TR 348 T - R 8 & RN g, (AT LR

B &K RUE# A2l . I, 500 mo/L R &R
1300 mg/L B2 FEERIZR FROR et

3 g

3.1 FmEEHFRAMTHLNEE

BEPEEPIII R LB, BRI HA IR &
Fetk, IREEH 20°CHIE & B ILF Tl &, AWt
FEERERW . (1) HZEREIFAWAK SRS H 3 B
B, fFAFFIRoKm — B, Hik, HEEZRIUR
B W KA A R RAEE R BELAS ;. (2) e il B
VB —Fhag g Ak, B TR PR, s
T AE FH AR LB & T e EE R, S R T
VR B 1 R R PR PP R 3, MR R LR Tl &
RS —EFEE R HETE, 1.5% 5 4 TR A 75 T Ach 3L
HHZEANT IR 89%, U6 B EL AT 4T K 25 22 JU AN
MU APE T (3) i AL SR B A — e R
P EAAERT, T ARSI Rz 33 SO RO S
Wk, AT B - R 3k e A i 5 | e 1) b AR
HRAEH . (RASHIFGY & IR i S A S TR IR Flov) &
TR R ORI WA A BRI R, I AREE
AL SRR B K, R ZERA B iR
B ORBEIRFFTHAZE R IR FIRIRIIEH; (4)
KRR EREL KRG, BRI TR R
A FEFEE AR, 300 mg/L AL BEZH ) 4R
i (5) IR R W AT FT A FIRHR , i F b 10
Ko AL SR FHAS AR B 1) R R N R & AR
WPERIZEZ LR T )T, BEm TR, B TR
FIIE R PERTAETE ), M 500 mg/L i AR R
F1300 mg/L BYER & AL BN ROR S, UL
FUA R 25 22 JURD T DOH i K I K s R 2 i 1)
EH .
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Table 3 Germination of G. crassicaulis under different chemical treatments
KEEFFURREL o KR o .
Treﬁiﬂent Germination Germination force Germination rate Vigléﬁiiid&ex
days (d) (%) (%) y
CK 17.33 + 3.06iH 58.40 = 6.39IL 18.03 = 5.60kKI

100 mg/L 8 ZE (GA;)
200 mg/L 7RE % (GA;)
300 mg/L FREHE (GA;)
400 mg/L "B E (GA)
500 mg/L FREEE (GA;)
0.1% E 4RI E! (KMnO,)
0.5% 4 R 41 (KMnO,)
0.7 % 5 25N (KMnO,)
1.0% = H R (KMnO, )
1.5% H AR IR AT (KMnO, )

100 mg/L % Z —Ei(PEG)
150 mg/L ¥ 2 —FE(PEG)
200 mg/L R Z —FE(PEG)
300 mg/L RZ [ (PEG)
400 mg/L %2~ (PEG)

0.01%iF &L A (H,0,)
0.1%id &b & (H,0,)
0.5%id AL (H,0,)
1.0%3i AL A (H,0,)

32.00 + 2.02defgFH
35.33 + 4.16defCDF
36..67 + 2.11bcdeBCDEF
36.00 + 2.39cdefCDEF
44.00 + 2.05aABCD
30.00 + 4.02fghEF

34.00 + 4.00defgEF
34.67 + 3.08defgDEF
38.00 + 2.00bcdABCDE
44.67 + 3.64aABCD
34.00 + 4.00defgEF
37.33 + 3.05bcdeABCDE
42.00 + 4.00abcABCD
42.67 + 3.76abABC
38.00 + 2.00bcdABCDE
32.67 + 3.05defgEFH
32.67 + 1.15defgEFH
28.67 + 1.57ghFH

31.33 + 5.03efEFH

84.16 + 2.55bcdefCDEF
78.33 + 3.82efghFGH
85.83 + 1.44abcdeBCDE
88.43 + 1.43abcdABCD
92.50 + 5.50aA

75.00 + 2.50ghFHI
77.50 + 2.50fghFGH
82.50 + 2.51cdefgDEFG
84.17 + 3.82bcdefCDEF
89.17 + 1.44abcdAB
75.00 + 2.50ghGHI
78.33 + 1.48efghFH
81.66 + 3.82defgEG
90.83 + 3.01abAB
90.00 + 2.52abcAB
71.67 + 3.82hijlJ

73.33 + 1.44hiHI

71.68 + 5.20hijlJ

64.67 + 3.81jkK

25.28 + 4.42hijkGHI
29.53. + 8.74hikGl
40.18 + 9.86fgEFGH
55.64 + 6.71cdeBCD
65.26 + 9.63bcBC
24.01 + 2.27ijkGHI
36.45 + 1.87ghijDEFGHI
38.30 + 8.39fghiDEFGH
42.19 + 7.47efghDEFG
50.96 + 1.31defCDE
48.73 + 1.96defgCDEF
61.33 + 3.44bcdBC
69.73 + 1.62bAB

73.81 + 2.03aA

65.32 + 1.92bcBC
28.72 + 8.72hijkGHI
30.73 + 8.36hijkFGHI
28.04 + 7.49hijkGHI
22.91 + 4.26jkHI

o OO oo O oo oo g OO OO O OO oo o OO N

1.5%id E A E(H,0,) 25.33 + 3.05hH

66.67 + 1.44ijJK 29.26 + 5.87hijGH

FHZE R (AR P Ve — e R B il
T HZEF T8 MR R A K SR
(ITFE, HX/NER 3 b R IR KR 2
REARBEWIHIER, SHPHZEZE IR T HEE
A REAEAE RS R P R, 34, BEE LY
WREE S, AP ZEZ TR B i & R iR ot
O R RR BE A I/, AR B 0.1 g/
mL i, X & R dE & R 2 (P < 0.05),
20 U BDR 25 28 TURN A2 A2 PR 1 42 5 1
CiNzi

Debeaujon %5 i 55 R W, Ff FAKHR 2 B
JR A aok v TR BE AR A, AR SRR R )
JHE B B A, R S 20 R = ( Trifolium
repens L.) % ¥ # B 15 ( Medicago truncatula
Gaertn.) &R Y TG EEAT T e, A& PRRE
BRI B AT, = AR R
AR BT, B2 B 16 R NI TR & )
BT, ARSLEEE R 5 HARRL,

ZE BRI, AR ZE 22 OU A AR R S AL &

TL25 4 MK IR ( comprehensive dormancy, PY +
PD) "7, Foft iz A9 ML AL EL A 11 P 490 o] 4 T o T
UNINESIES
3.2 ITHMEZERHAMFRIRMLIES X

HZEZ A KR, HA 7RIk
SEAEYI I T L R R B, BT
WA PRI B, B AT R R KER, SR E R
Wl HZEME R, —SHE AT R
HE . BERE . B T EEA B REFT R A TR
i, ABNPE W L RVER . ASSEImas A, R
500 mg/LaREEE A 1. 5% il BRET A W IE Fl, mT LA
FIRRIZEZ TR TR, 300 mg/L R 2 - BE il
SURMA AP ASCR B, 83| Sprg:
HFIE AT, UG F S A R AR A Bl R ¢
oAk BB T 5 N

B &3k -
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