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YL PSR HAERFBREFTY . A 20 g 80 448
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T 320 25 R 7 vk AR I B R 25 T N R Y
RRH, DL BCE B 1 B AR B IR R, S B E 45
B AR 4 At Ak S LA BRAR L B R R N R 2
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AT KB ARTEZERTRE 1 H, BRX
T AR R R BT — 18 C kN RAF .

FhF BT S FRAE TR0 FE L SR 45 st ) 3R 45 i 4 A 1% 2%
B 1,

21 IR
Table 1 Materials and their sources
M RApifd T ThE T 2
Species Collecting date Seed morphology Thousand seed Habitat conditions
/4R weight/ g
o o S8 SE0L T35 YR 986 mis Lo it 2, + SRS 10 B
PRBEE e n f;iggiig‘ 0.5 cm, 3. 1~0. 4 cmy 57144 W SR RIS A KT A /K PR
- itiensi : B AREE 2 GMATRS
@ﬁﬁ“ﬁﬁ 201345 A &) k- 4.1288 &) k-
T. iliensis
, -_— Lo S8 0L BEFRLI M98 1 017 my 0T RO IR
e awmsp  prREONIRERREL AR i T AT R
- sinkiangensi s AR R B R A
1.2 g AR [t Bt 52 S » B R T UEE SUZ IR 4K 34T & 23

L2.1 FFRKEEEmR SBREESESNE LD
MR IR e 1 77 s, 2 R I8 A 2 FhEF AR AR 4 A
FFRIR K M 4R . FH BT R 43 Bl FR BB AL 4 7 0
FERARSFRIFNF 0. 5000 g FREFILH, WA 3 £5FH
TR K, BF 25°CHEIRERMA S, B8R 2 h i)
H AT FHROK 4R T FhF R K 43 BREE . SR )5 4R SE K
BIREFR ML K, ik [ &2, EEIRT/E 2 O (A A 22
At 0.0125 g ik, ARk 8] THEE

L2.2 FFERIEEREWR HESRETE, B E
W2 FEAERES S FHATRE., REBESERN
5.10,15.20°C , /MR EM B 3 WEE , BEH 20 BLFh
T 43 BB T A SUZ 38 4R A 15 3% RS, 35 47 35 5
BB AT 1R K Ay F K SR G 43 ) 0 B E R R) I
F3EFRAE T AT BRE R SR (IHIED , 30 d E MM T E
ZEE M

1.2.3 GA, b3 EEWERE N 1%/ KMnO, ¥
1 000 mL, 5B %FFfFFN40 VD {E 8 3 min, SR 5 FHZEIH
KU 3 3, AR Fp TS R R B EA, E
0GKHHR) .300,500.700 mg/L Y GA, /K4 1 000 mL,
% 2 B A S TN TR ALF IR, 24 h 5
FRZRMK IR A GA, B . BFFTFHEA GA, ¥
FERE R 1AM, B 3 RER, B )NEX 80~
100 hifh¥.,

L2.4 EBLE WHEHWMTS5Y 3 /FEBENA
KMnO, 34519 407 v (43T Y8 3 DL F-12 e AR 12
ANTEIK , it BV EBC BED TR 5 5 FH 9% B 4% B 47 (B 1k oK 43
FR) S AE AL D CHIBEFRA BB 2 T 43 ZFR 0
(P HR, =) .14.21.28 d,

1.2.5 GA, HZFRAEFREN  F GA; HlRALE T
FFFF, 5 B AT R FRAL B, 3k 2 1% 5 1) B[R] 5 54T
RHFRE .,

1L.2.6 RIFAEK GA, L. ZRLHEN GA, FIZH
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BN B SR P B 2 SRR WA B E 2 H
BB B R R AL HRGF MR 20 KL, D AGE B AR K,
TIFIRRANBELN  HE T LR R 28 iR E R
FE R 15 BLIR B A AE IR B FRAE R IR 42 dUB R KR
BOAREF T Z G NN E) , % 3 d MERFFFHIEE &
B, BHRKZE 2 mm iF, BIUCHFFE#HED . F
FHIR FHE A & A& & % 3 (Final Germination Percent-
age, FGP) #1 ¢ ¥ %& # it 6] (Mean Germination Time,
MGD2 Mtk R, FHEZFREMGD AT

%&ﬁﬁﬁwhmnezzfﬂﬁquﬁﬁwm

(0~42 dsni 7B fi RFTEZFHIFTHG N SR
L3 HdEatr

RIS EYE S FH SPSS Statistics 17. 0 #4317 2
A3¥rF1 Duncan Test , F Excel 1 SPSS #4-/EE .
2 BREHW
2.1 FhFHRIMK RS

HIFE 1 W] LU 52013 4R REE HOBTERAR 4 7 F G AL
AR& AP FAEROK AT 8 h eIk , 7E58 12 /B ik 3]
WK P47 5 2011 4R AR 1 B BL AR 4 7 i A T 7EHT 8 h
MK ,8~14 h B H—A L EIEHWAB, HE 14 h
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Fig. 1 Water absorption curve of tulip seeds
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IR B K 3 AT B2 DN S B[] ) 9 (S AR - A
B K B, XK 4 BB IR BT LA 3k B W K- 5
BT, AR E BRI K R AE 1
B EEES, VLR TS K R, NFELE WK AR5,
7K 2R 35 FA R B R A B R0 I K A5 e B 2 A B B L U
DX LEFR AR AE— R B PRI
2.2 FhFRILEEEEHR

F 2 FEWTGEREI , RF K 2R B X Fh 7
KR ZERAE &R W, HEEXNAREEREEFMN T L
FEM R A HE R FRENT S, TR
FREFRETREE I0CKHETHFRFREERT
5.15.20°C, Al AT DAH 8 10°C 2 3 i AR 4 A B AL AR
EEMTFEENEERE.
2.3 GA, XFF R B LR

3 3 AT, AR E GA, AbEXTFF 0 K H 15
A B ERNE, 2011 FRENFRBEFM T, H
500 mg/L GA, M RA L FREET THERE
GA; 403, R ZER XTI E T 30 B4, Kk
ZERFE](23. 00 d) HL X AR (30. 75 D 4548 T 7.75 d, 1 F
300,700 mg/L GA; AbFRfFhFH & & ZF A LT X R
WA BB, 300 mg/L GA, &b (5 ¥ & 2F i )
(19.50 ) BEF M FHEWRE GA; 43, XTI (30.75 )
8% T 11.25 d, BT LA 500 mg/L AL 2011 43R 48 ()
BUR & B AP HOBGE B AOUR B 5 2013 4R REEMBHBLAR &7

FFF, 1 300 mg/L GA, AbHF)Fe2 & ZFF(35. 50%0) B &
FTHEWE GA; Ab3, T H 734 & 2RI E (34. 50 d) &
T 500 mg/L GA; 4P (38.30 d) FI Xt AR (35. 20 d)
F,700 mg/L GA, Ab¥EE ZERTE] (32. 00 ) B ARE S, 12
HEZER(24. 33%) H 300 mg/L GA, 4bFE(35.50%) )
/N 11 17% . LA, 300 mg/L EAMER 2013 4 R4
AR & HFFTFHEE B . GA; AbHXT 2013 453k
FERFBAETM FRRA R FREAR BELmW,H
300,500,700 mg/L GA; AL H -3 & 2B [a] 8 %)
MRIER , PR L BT I AR & F AP T AT E GA; AbFRRI W]k 3]

SN KRR,
*2 FARABREFGETHEEMFHRFE
Table 2 Germination rate of tulips seeds
under different temperatures
BE R HR Germination rate/ %
Temperature RAHR ST REERSF PR e E

/°C T. iliensis(2011) T. iliensis(2013) T. sinkiangensis(2013)
5 12. 33b 10. 00b 20. 67¢
10 40. 00a 30. 33a 95. 00a
15 Oc Oc 60. 00b
20 Oc Oc od

T IMEJE T8 BB R (R %R R (R IR BE 2% 18 T 18 B B9 & 25 SR A8 25 43 T
Duncan Test ¥BIFFELE B 325 5 (P<<0.05),
Note: Different letters behind the mean values show that there were significant

differences between values from different levels of temperature.

*x3 GA, SbIEX T R ZF BRI
Table 3 Influence of GA3 on germination of tulips seeds
K B R HFRFGP/ % 3 R 2R MGT/d
Levels RS RS fE g i RS PR LT B E
/(mg+L~1) T. iliensis(2011) T. iliensis(2013) T. sinkiangensis(2013) T. iliensis(2011) T. iliensis(2013) T. sinkiangensis(2013)
0 40. 00b 20. 00c 95. 00a 30. 75a 35. 20¢ 17. 00c
300 40. 00b 35. 50a 100. 00a 19. 50¢ 34.50b 19. 00b
500 70. 00a 23.50b 90. 00a 23.00b 38. 30a 21.70a
700 40. 00b 24.33b 90. 00a 31. 00a 32. 00c 17. 70c

TSGR RIFOR R R GAs ATRAG S 0 2 FR V- 34 K 2 i 16 4807 22 23 H7 A Duncan Test J5 7716 8.3 22 53 (P<<0. 05),

Note: Different letters behind the mean values show that there were significant differences (P<C0. 05) under different levels of concentration of GAs.

2.4 JEBULIEXFPT R DL R

H1Z% 4 AT, JEARAL B B AR AR B M 1 R 2R I L
ABERW ., 2011 FRENFRABS TR T, ZH 14,
21 d AT R M AR A R 2F R MR 21,28 d Wl B 3%

G R ] LA IR 2 NMEAR,. 21 d A HER
&R R AL B R 5 2013 4R SR R BLAR & B RN T,
EAR 14.21 d W] s 4R R R A R 2R R, R i 4 4 L
¥ et 3 HE 21 dRORE T 14 d, B 21 d

&4 B RS FF & ZF 1R R N
Table 4 Influence of stratification on germination of tulips seeds
K AR H R FGP/ % -3 % 2F R MGT/ d
Levels HRBER HRBER WA G HRBER PR ST RS
/d T. iliensis(2011) T. iliensis(2013) T. sinkiangensis(2013) T. iliensis(2011) T. iliensis(2013) T. sinkiangensis(2013)
0 40. 00b 20. 00c 95. 00ab 30. 75a 35. 20ab 17. 00b
14 55. 00a 30. 00b 100. 00a 33. 00a 31. 95b 20. 30b
21 53. 33a 33.17a 93. 33ab 24.37b 29. 90b 20. 20b
28 45. 00ab 10. 00d 76.67b 22.47b 40. 00a 25.43a
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[FIFE R 2013 42 3R AR ) PR AL & F Fh FH5GE B Z TR
6] ;2013 A REMFARS F,ZF 0.14.21 d MEA LK
FRZEBAREER HER U dHBRAEFRER
ERTIZH 28 d, il E 2 R ] 8 K, O R 3
mHEZER, 2R 0.14.21 d W & ZERTHE B &8 T2
28 d, Tl A & & AT E AL BRI AT L 5] 95 %0/
KRR T HLF 35 K ZF s ) A
2.5 GA, MZFREEAMETAIER

GA; MZFUEIEFRHEINE , FF R ZFE LR
5 B WIS AN 6 Fim, AE 6 \TLLEH,
GA,; ¥ A2 FR A [B) 22 [|) 4 48 B4R I R X 2011 4 1
2013 4E3RAE HIRBUAR & F PP T R B A & ZE 3R DL K 2013
HESRAE IR B & B R T 038 & 2R 1A B R .
GA; MEFUEH A TAE I E 2 Bis, X 2011 451

HPRAREFFIF,GA, ¥Ry 300,700 mg/L B, & 2
BRI, Rk 20 R0 2 e R RS TH s s 3
{BAS LR AR —3, GA, YR 500 mg/L B, B AR
WA T FE ARG T HEinb s X 2013 SRR BLAR S BN T
GA; I¥RE R 500 mg/L 5% 700 mg/L, H & R ERKEH
JE R [a] A REH T FEAIR , GA, R EEH 300 mg/L B, H &
HEAREARE T, 72 2R 4 FRA R R K, GA, MKk
JE 2 300 mg/L 5% 500 mg/L, H -3 % 2t M #RbE & )=
FEE I S T FEAE , GA, ¥R DR 700 mg/ L i, -3
K ZEAT (] SeFAKE TR E 2R 28 d AR Bl K. MR
REERATIE W, BR GA, WREERZFIRHE 2 R AE A
HAER EH R 2 BN , i 5 X F R [ 44 R
FpFYE BRI —FE

x5 GA; F1ETR4b 12 [F B HE XS 8B & & FF B & ZF 15 5L K R 0
Table 5 Influence of GA; along with stratification on the germination of tulips seeds
e BA R R FGP/ % 34 & 2F R IR) MGT/d
Treatment PR S E HREEF WAL 4 HREEF HREEF B & E
Yeatmen
T. iliensis(2011) T. iliensis(2013) T. sinkiangensis(2013) T. iliensis(2011) T. iliensis(2013) T. sinkiangensis(2013)
GA3(300)+ST(14) 40. 0040. 00 18.33+2. 89 90. 00413. 23 32.144.87 38.4+4.18 21.9+1.61
GA3(300)+STC2D 60. 00+ 10. 41 6.67+7. 64 86.67+7. 64 19. 2+4. 43 30. 740. 00 20.4+1.92
GA3(300)+ST(28) 51.67+15. 28 21.67+7.64 68. 33+15. 00 21.7+1. 10 16.3+1.15 26.4+2. 86
GA3(500)+ST(14) 51. 6745.77 25. 00=£5. 00 98. 33+2. 89 30.943. 67 35.6+3.23 21.141.47
GA3(500)+ST(21) 50. 00+13. 23 21. 67412.58 86. 6742. 89 18.941. 70 26.0+7.11 20.0+1.27
GA3(500)+ST(28) 41.6747. 64 5. 00%5. 00 83.3347.64 20. 6+2. 89 15. 040. 00 24.444.90
GA3(700)+ST(14) 8.33+5.77 16. 67+2. 89 83.33+10. 41 29.34+3.71 36. 716. 81 20. 8+1.08
GA3 (700)+ST(21) 53.3342.89 13.33+7.64 93. 33+5.77 13.942.07 23.0+7.38 18.7+1.27
GA3(700)+ST(28) 48.3342. 89 5. 00%5. 00 71. 67+5.77 20.140. 49 39.0+4. 24 23.642.35
55 B BFE RN B R AL KT, “ST” R “Stratification Time” H4HE
Note: Numbers in brackets are levels of each factor, ST’ is short for Stratification Time’.
*6 GA, MERLEHEMERFESH
Table 6 Analysis of evaluation variance of interaction between concentrations of GAjs and stratification time
A A Free Fuior
o ; Degree of ARG H HRBER WA G PR ST HRBER WA G
urce of variance
freedom  T. iliensis(2011) T. iliensis(2013) T. sinkiangensis(2013)  T. iliensis(2011) T. iliensis(2013)  T. sinkiangensis(2013)

GAs W JE X JZ BT E]

GAs concentration X Stratification time

4 3.327* 4.578*

1. 937 ns 0. 320ns 7.300% * 0. 214ns

Hens, * 1% ¢ FRIFR B EWER FE P<O.05 fl P<0.01 K EXRBE.

* * show non-significant difference and significant difference at the P<C0. 05 and P<C0. 01 levels, respectively.

Note:ns, * an

GAs¥JEE Concentration of GAs/(mg-L")

—300 --500 - 700
70.00 | HELR 4T 1 iliensis(2011) SHRERAIRGE AT 1 sinkiangensis(2013) 40.00 |
S 25.00 F ~— A
& 60.00 - 2 ~~ 3 3500 F
Ay [val
= 5 2000 5
¥ 50.00 | = S 30001
i&’ #1500} =
Y 40.00 | = E 2500
3 £ 1000} =
30.00 F p R 20,00+
500 *HT_
20.00 | ) ) ) ) ) ) T 15.00 ) ) :
14 21 28 14 21 28 14 21 28

J2RAI ) Stratification time/days

J2RIFE) Stratification time/days

J2RIFE) Stratification time/days

E 2 GA MERLEMHEEERNMTFRIFBERNZM

Fig. 2 Influence of interaction between GA; and stratification on germination of tulips seeds
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2.6 3 Py LA

AL GAs FIJEAR 2 /> B PR KAk 20 % HL R Bt it o 3
Fab 3R T7 SR A BT ZF B DL R, i 3R 7 AT
01,2011 SRR PRARE BRI T 3 FOF kAL B2 A
B3 AR GA TR R B, BT ISS & 2.3 i 4h
R 500 mg/L GAs AL BB HIAbBE 7 552013 4F
REMPRASEHF T, HCA LB E FREG THEL
B ARYE 2. 3 23HT4ER LA 300 mg/L GA; 4B 84T

AR J5 552013 SEREFT A S FF T, H GA, 4bH
REREERTH BB, B35 25 8] &, iH
GA; XFHHFEAT AL B, AR YE 2. 3 I #4558, GA; W E
0 mg/L RRIE BRI, BT, 2013 4R RAE BT HAR
SEMT AL EATE, HHTE 10°C KA T HAT LN
o MEL BRI KIE L GA, 43R AR R
AbEE

x7 AEAEFAMNBEEMFRFBRHLE
Table 7 Germination comparison between different treatments
o BK R FGP/ %% ¥R 2R MGT/d
Treatment R & RS WAL 4 RS F HREEF WAL 4
Yeatmen
T. iliensis(2011) T. iliensis(2013) T. sinkiangensis(2013) T. iliensis(2011) T. iliensis(2013) T. sinkiangensis(2013)
GAs 45. 55a 26. 00a 96. 25a 25.88a 34. 30a 18. 44b
JEFH Stratification 49. 00a 21. 48ab 83.70b 23.03a 33.41a 21. 54a
GA3 X 2 GA3 X Stratification 47.41a 14. 82b 90. 00ab 26. 75a 29. 06a 22.20a
2.7 AREBMARFMEEMEEMNHTFRFBHLY  FEEF 2011 F£RENFRBEEMNT,GA LHEI

[P

M BB SRTT LUE H R [ 4E 4y (2011,2013 4F) 3k
B & B FP T 7EM R 450 T, 2011 4R & 2
R W& T 2013 4519, 204 R BRI, REF
MR EFM TN EFREEEE W (F=
107. 130, P<C0. 01) ;2013 43R £ 1) 37 SR A 4 75 A B AL
EEMFAMRRE AT RS EFM T RFRE
TR 1 HL & ZE B [a] B 08 TR AL & B/ T 1, &
A3 BT 45 SR Al U B b R 4 B A T I R ZE SR AR R
ZERT A B2 (F {4355 1 014. 337 F1 5. 965, P<<
0.01), LT HRAR & FF FIRIRER R AR & FF TR .
3 itig

PRAR AR ) BE ik 22 28 FIAS ] 100 348 5% f) — o i Bz
BLRIC BB A R & B AP FREAT 6 A BTG
FiF il 8 T R/ N . R O6 RR A S TR A B G X 7 A
SRR AT ik 25. 1~26. 1°C) , Fft 1R 1 A PRHRCR
A, AR R R D I 2T, I R b (4 AR A R RE 2 5
BHAER) 8—10 A4y b X FE TR & /N T 17 mm, RF|F
FhFHE & AR SR AL FORIRARZS s A 11 A W1 B ®4E 2
Awa, —HATFKEERRES, HEREAD AL, Fh
FHELIEE % ;3 A SRR RERAL, # F A R &
I b M AR, PSR . L, B e AR AR 4 A Fh
F PR BRSE: X 48 A AR 38 R AL

RIS RER BRI ERT 2 A S FM T RS
FIFm—2, 10°C M & 2R Rl B, IR EE A 2
PRI ORIR AN & 25 B s vk I R0 5 R i T
XTI TS EM TR FAHBMEER,. X5
Tang & AR R M. GA, BRBRRKEH —F
REAT AP F IR BIR 1) % VR 50, GAs X T
FhFRIRIREIEA E 2 FARE FFFRFNEEERE

TEE WL 500 mg/L;2013 4R M P RAR & A, GA,
A PR LR BE D 300 mg/ L, T 2013 43R 4R F) 7 B
SEMTAT GA, JBRZF AT KE] 955, Thomas
SRR L GA SHTBAEYIFhFIRIR AL K 2 i 1E
BT % BT AR R TE 8IS A 1R T AL
P, B HAT AR R , JF 1R ARIR 26 1F 7 MR 7B A& /Y
—FFRUO, BRI IR T B A S H T
FRI R AR 2 AR AT 35 5 2 Ik i) 38 4 3 2 i, {ELAS [R] )
I ARRE B Y J2 BRI ) AR —FE, 2011,2013 42 R4 1Y
PRSI TE M 3 B, 2013 4R E R HAR S
B FATREERRFRBARILT] 95, RFTE 10C4%
T BEAT 2 2 B AT, 5 BT S < A T B PR BIR AR
R

IRK BT 2011 AEREM PR & F AP T 2
TEOLET 2013 4ERAEH) , AT REAY IR A - AN [R] 4F 433 [k T
B RRSURFFA—BGE R TR B REMA
HREARA—BL XA NE 1 FFFHTREZERRKR
FREIMAIUE 52011 4R 4R A 7 1 402 < ik ] ) AR IRZ AR
ITHE T A7 (0 30 2 PR B, (A AP T B 5 & 2F . A 4F
(2013 45 )R 58 BT $BAR < 7 P 1 10 % 25 5 O 7R AR [F] 4%
7T B BT AR A A0 T 8 U — B R IR AR A
—FE . BEER T RIR A, AL & A KRB O X
ATRE S HAERAMHE—EEZRA R X 2 RS FH
AR Y 1000 m 247, BT ERAR & & A KFETTF
Wel 1] FEA) Ll 38 OB IR 58 2 » SRR BLAT) . B AL AR
A RESETEZ AL FHURETHER S
A SR R IR DT A A 85 114 e SR B A T 7 B
SEESN, ERHKRREEER, 750 BEEFFHT
RERERARE A REth T HB A E RAFEZR. W
YRR TR A A TE IR A R 2 4R RSN B2 41
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MRS TR RSS2 R H T AR E 2B M
BRHIFFESEDY . AR A TR IR R A A fr it — 2
WoE, MER ST & & b 7 2 2P EAR — B RN, F-
R AT AR & B b T ARBR A 775

S0k
(1] SR8, 500, BN A, 5. BRE H b TR F IR IR M & & 2R 410 10
BFELI]. Fb R, 2010,27(10) :48-53.
[2] R¥FE IR REE FEMEEMFOENHERPELIL #F,
2001,24(11) .63-64.
[3] BR35, X, R %. FraREF AR & B F A W S etk Kb 7 R 4
PP AWFREFZRARBEEMD ,2001,5(3) :197-200.
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Study on the Germination Traits of Two Kinds of Wild Tulip Seeds in Sinkiang

JIAO Fang"?,LIU Qian'* ,SUN Guo-feng' ,LIN Qin-wen',LI Xiao-dong' ,ZHANG Jin-zheng'
(1.Key Laboratory of Plant Resources and Beijing Botany Garden, Institute of Botany, Chinese Academy of Sciences, Beijing 100093;
2. University of Chinese Academy of Sciences,Beijing 100049)

Abstract: To seek method of breaking seed dormancy of different kinds of wild tulips and appropriate temperature for
germination to improve their germination quality outside their habitat, the influences of germination temperature, different
concentrations of GA, and stratification time on the Final Germination Percentage (FGP) and Mean Germination Time
(MGT) of T. iliensis(2011,2013)and T. sinkiangensis(2013) were studied. The results showed that all these tulips seeds
had dormancy, T. sinkiangensis had shallower dormancy than 7T. iliensis and their germination conditions were
inconsistent, germination result of T. iliensis seeds collected in different years had remarkable differences,seeds gathered
in 2011 was much better than that of 2013. The most suitable temperature for seeds of T. sinkiangensis and T. iliensis to
germinate was 10°C. Different concentration of GA; and stratification time had significant influences on FGP and MGT
values of different kinds of tulips seeds,500 mg/L was the suitable concentration for T. iliensis seeds collected in 2013,
300 mg/L. was the suitable concentration for T. iliensis seeds collected in 2013, T. sinkiangensis seeds needed no
exogenous GA, to germinate;seeds of T. iliensis (2011,2013) needed stratification of 21 days to break dormancy, T.
sinkiangensis seeds need no stratification to reach the germination rate of 95%. In conclusion, GA; and stratification
treatment had no additive effect on germination of tulip seeds were used and stratification treatment could be substituted
by GA, treatment.

Keywords : wild tulip; germination ; temperature ; GA; ; stratification.
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