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WE: KL AARAE A ‘Golden Apeldoorn’ # 85 3% A A4, E5ANRE(-12°C. 0°C. 5°C. TidAnst )T A2, #F

RARRKBL 23 GA,. [AAFTABAA B AZFIRL B 6930,

LR A ER LB TN 8EE WGAL T

B AL BTGB GAS B Hrh s, 4304 R BT, vA0FSCA IR 85 % N GA 3% 5. #170 dék
ZNIAASERTIBA LN, LML T 3 B ILA AL T ALFFAE42~70 dib TEAE, W F2IR E AL G, Y8k LA
T 432k R, BRI GZE NIAAS A AR, $ENABAS T AL KRR E THE TR, 5t
AR, 0°C. 5°CAT iR AL B A AT70 diF4: T, 70 dE A4 RIRFFAL LK, B FHEA RSP
FRFMFGE R, REIKELE T 8% % HGA,. JTAAMABAWY A S RILE R R —E 0948 £, £0F25°Ch
BT, FIREF bk, L5308 E 42 6940 X B0, IRIRRIRZCRAT, LR F AT 1L

SRIE: AR A SE 2 KRR T, NIRRT P

A4 2 H A R & 77 8 2 48 A BRAR 5 4k
Fro EEEE HmE T, B84 A 6% 25 58 A 5 4>
b, BENARAR . B R E BAR B P A, £80d 4R
TP B 25 58 AR 2 R B, TR JE I R AR R
Wl X R PR ARHIR o A 4 75 16 2F T BT #217~23°C,
T6 28 50 A 56 A % 25 75 2 — B (] IR AR 3R A
REMR FR AR IR RS T S52011) . AR B DIAE M 2 AE
JAEA =, #OR AL AR IR A BT IA B ) T
TR0 B, 38 I % 2570 A [F) U5 R R AN [ A 2 B (1]
TEETCI . AR 4 A B R 0 V8 PR P52 5 B[] IR A
RUASTRNT 5, E4~10°C F50~90 dIEAFEIA 2 K
a3 e R VA LR . A A A TR AR S A AR
b, WSRO CHEAT /b B (7K §#2015) . A4 77 ik
ZE-2~5°CHA R, 1T LAKE AR 4 7 2 & ot e 2
[IRE S Bk 25 i i . B/NER AR (201 7) 8T 78 R IR
RUHR & Ay 0h 2R 7R B = R 26 1 T 42 dLL g
IEFTFAE; S HRAH T, 39074 sest (] (AR 4 A
v SEAFIAE 5 T iy, FFAER [A] 54

WK, & & FAREE LRI A A
GAFIIAA S #5/D>, ABAT =GN, /£ &4 F M
I s 6 25 P 300 8 B GA ABAIIE N, 2R EAAR
A TARBEZE M A KOk B AR A AT REA YRR
[~ 47 ¢ (2 B 1 452005) . ZRERSE(2013) K I,
TERREE AR I GA AR & A % 25, AE K ] Py Yt
BWERGAH & BT, ABAE &>, AKIARSMNE
GA,F16-BA, 751 165 25 1 GALRITAA S 7

T-xHHR, BEAE B N RIABA/TAA LGAR T R4, 1FSE T AR
EHRAEKEREESHF AT EEME. HRANRAK
B, B VAR B TR R, S 4 7 6% 25 N GAL, & =
BN I 2 g, 2 IT R FE R GAL &
IR ETH(EARE2010). B BUEE(2018) 1 7T R I
VR AL B T A A 5 25 A R R R D R
B R HEAE Y, EL v o 26 B VA SR () 28 K T
PR B FHFEQOR) LA | & MM KL, 1E5°CHA
O AR, GALSIAAS B R EIN, ABAS B[4
fiKo PMLHE(2003)FIXIHATE(2007) 58 G 7T 1 H &
I R AE o3 R AR 1) 26 B AR A AR b, R B E A IIARHR
FEKFEGANABAY B S8, ARARIHE A
I A1 35 A L S 4 0 2K 1 P R R B R A B
B B) AR 4K H AT v JC RIS

AW 7t LA 4 75 Golden Apeldoorn’ [y fi =5y
MRE, fE4MKIR AL EE R, W05 25 N IHGA,.
IAA. ABAY & KFR K BRI 124 518
T AR 4 A % XA R R AL 3 N IR R AR AL
FOERORE U, BRI SRR RS
SRR L R

ks 2018-12-26 ExE 2019-06-18
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1.1 K3y

BEAAM B 2012 EHF A T AIX B &
HIHR 4 75 J& (Tulipa L.) Darwin hybrid i Fj ‘Golden
Apeldoorn’, & B B A i W R E, FRE
8~10 cm ¥ i 2.
1.2 Rt

R WA MR AL, 435 8-12°C, 0°C. 5°C
FAS I (5°C 25 00C 5 —5°C Y5 —120C US —50C S
0°C S5°C, AR 4 76 7 Hh [X 4 7 28 ) 45 1) L 49 UL P
A BT, PLHE IR (10~18°C) R0t I, 724/ 7] 428
WOKFEA = AT o W &R B AL BE R GAS.
IAAFIABA & &, M@ i A4 EE0, 14, 28,
42, 56, 70, 84H191 d (M2 5 Al - PR Ak T pf
). ZFEIKEL(2014, 2015)[K 571, W E B E S
B LK RS S R, WA K AL T =X
A
1.3 ENE

R PN YRR R Ak 3 2 25 Pan%E(2010) 1)
Jii%. HPLCS 4L (il Agilent ZORBAXSB-
C118; N HHA (I IF):B (BER 22 i, pH=3.5)=
45:55; Jiti# 1 mL-min’; &1 £0~3.2 min 265
nm, 3.2~4.5 min 212 nm, 4.5~6.5 min 218 nm;
6.5~13 min 265 nm; [ 3h3EFE, FEE10 ul; AR
20°C,
1.4 HFLIBS ST 90

I SPSS 193347 22 7 M S AH D% 4 43 #r,
Excel 20161E A,

2.1 FEMREEMMEEHRZFHRLEREK
HARO S0
2.1.1 FEMREAEMEEFHRLENEM
R BT OEKEM A mERR. HE
1E H, A FGIR A ER AR 6 7 SRR K B AFEE
BEER., 12°CHARRAEL RS, POFERE
KR ZEMT0°C, SPCCHXE, FbZERAEIESR K
Ho 0°C. 5°CHXJ AR AR 4 27 2R K & Bl T
[1) S K17 3 K, A (] — B[R] AS [R] Ab 3 2 W) A7 7E 2
25, {ERTHA(0~56 d) 5°CHbIR [ o 2K i/
i 25 = B LU B =, B = T0CCRIXT R . 2 )5,
0°CAb B (1 Hhr 0 27 K B8/l 25 1y 52 LU A 2 BT, B
BT A AL, 50 RS R B3, i 5 5°CAb B
(TG 3 7 5
2.1.2 FRMEEAE RS FSZ=E KRN
N4 A F R i 25 Fr A K, —12°C AR IR Ab
R A AT HY P, OIS CAb B 5 ot 1 AR L % 25 1)
AR HEEL B A KT AR BT e I R 3R (R2) -
22 AREMEREMN I EEHZEHNGA,ZEMFM
e AT %0, @525 N GA & B AE0°CL 5°CAIRS
HEF R BN XA AL, AN [ iR A B R A1
DRSS [ AN KN ZE K. 0°CAbIE R GA, & &
W& HINAES6HIO1 d; 5S°CAEFE RGA, & BEAE42F
84 dil BLUE(E, 7E84~91 d & T HAth AL B Xof HR
FIGA, & R AE42170 d i BLIE(E, H 9 & & T oA
5°CKbF, —12°CAbFE NGA & EAERT42 dERITR
[, 7784 di) FFHHEEE0°CALFE /K. AR AbFE R
GA & B AV 728 dH I — AN Bl

R AN A AL B HIS <5 7 098 25 20 A R (oo 20 R/ 25 v FEE) ) S )
Table 1 Effects of different low temperature treatments on the centeral bud height to bulb height in tulip bulbs

Al 2K PR/ 2 P B A

AbFE R
0d 28 d 56d 84d 91d
-12°C 0.031+0.0022* 0.032+0.003° 0.0310.002° 0.032+0.002° 0.031:£0.003°
0°C 0.031+0.0022* 0.358+0.038" 0.505+0.014° 1.041£0.115" 1.117+0.044"
5°C 0.031+0.0022* 0.444+0.035° 0.611+0.028" 0.980+0.048" 1.0590.089"
AR 0.031:£0.0022° 0.398+0.017° 0.397+0.027° 0.413+0.041° 0.400+0.023°
pagis 0.031£0.0022" 0.381+0.031° 0.527+0.024" 0.954+0.051° 0.980+0.030°

KGR FK) NG 7 BROR 22 53 8.3 (P<0.05). Fa&[FLL.
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Table 2 Effects of different low temperature treatments on the
growth period in tulip bulbs

ACERIR R AERRETE/ HZEd BUENd JFER
Xt HE 15° 28* 50° 78
0°C 5 15 27° 38"
5°C g° 20° 33° 35°¢
B-12°C B 0°C W 5°C O &R ImPpapit
27000 F
24000 F
21000 F
Li 18000 |
15000
on
g
i 12000
<
< 9000
J
6000
3000
0

AbFRI [8]/d

AT AN [l A 2 0] 0 < 7 0 25 Y G AL B AL S
Fig.1 Effects of different low temperature treatments on the
changes of GA; content in tulip bulbs

2.3 FEHRRAIEN & BFHZANIAA S EFMN
HE2E H, BRI, SR AL BT i
ZNIAATEAERTT0 d3b LRI 2444k, HAL PR
FEE, TAAS B BB . OFISCCALHE T,
TAAS EAES56 dI¥S H e i, HAH 20 L Ab BR AT &
50%. X IEEITAAS BEARIRE K, fE42 dHI—
A, HAEZ LR AT =2.50% . Ab#E70 dJS, X
HE % 22 NTAA B EAIE R S, TOFISCChb 2]
NI A X AR E FIEE A PR —12°CA B,
ENIAAT EAETO I —A> b, WEE 208 b B
A5 M. TERRAAET, IA AT &K T2
Ao SACFRFTAEL, SAFRAEOL diNf i ZE HIAA S
A TP
2.4 FEHRRLIESTHRE T HZHNABAZ EMIFM
I3 i, Bl A BRI ] (38 0, 6% 25 9 ABA

g -12°C & 0°C m5°C O &R O X

250
225 |
200
175

150

125
100 [y

IAAE E/ng g (FW)

75

50 i
25

L rrrrrry .

0 14 8 2 56 0 4 91
AbBRI [8]/d
2. RHGIRAL TS 4 75 525 WIAA & B S (L I R

Fig.2 Effects of different low temperature treatments on the

changes of [AA content in tulip bulbs

TR TR, 14 dS AP BEZENABA S &
BIRRIED; 14 dfa, SRR P55 25 N ABA & &R FF
FEFaE K, M0°C, 5°CHI A% I &b P 1y i 25
ABA 51 14~56 A RFS: T %, 56~91 dfEARK
TR E, HAEA A FERT10%. —12°CAbEE
25 NABA S EAES6 AN HL— AN ., 2 5 A
Jall R B
2.5 AERRAIEM IS EHZAIMRAFEHLZS
ETHHEX MR

HR3F W, EAFRMRRAE T, 652583504
RO RN A —3 . fE0°CAEE T, 25N
GA, 5IAARA B35 IEAHE, (HIAASABAZ [A] 1) 4H
KHEARZE . fE5°CHIET, B522NGA, 5SABAE I
—EMGAIDE, EAEA L, SIAA RT3
kR, IAASABA R YL IEAH G, X fR 5 25
WGA, 5TAA R 2 IEA ¢, (H5ABATGHH R,
IAASABAMKMA T2 . 7E-12°CAHE T, 35
REBEMNTFAFEM R, BRAAHET, 3
PR O BRI R IR A 25 1) TEAH O

FARIRALEELESL diS 21K B 552X N GA,
IAA. ABAG 2RI (R4)ERY: GAE &
TE-12°CAb 3 T 5 2Rk B ToAR K, (HE0FN5°Chb
T 52 MR ERMAANEZERIEHK . Br-12°C
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B8-12°C
250

Eo°C | 5°C QAR mpuict
225 H
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175 [
150 M
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Kb E I 8 /d
P3N R T A FE G <5 7 25 A ABA &5 L AZ AL A S

Fig.3 Effects of different low temperature treatments on the

changes of ABA content in tulip bulbs

AP NIAA S B AR K BRI A 3 1) 1EAH
Kb, HAbLEE FIAA. ABAS RS FRKEYR
PR, Hoh et B IIAA G B 53R R E K
NEZE A, AE0CCHIE FABAS B 54K E
RN EZE AL NEEZENGA,. TAAFIABA
TERSEREEMERSEEGHEE, OMSCRE
FI T % 2R SRR (R B L 2R R B

3 g
AARIGBETTS /b FRIEL R EEARAR 17 22 R

A g AR FE (4393 R—12F10°C), A1 4 7 i 25 4
AR L (5°C), T T H X & =2y 1) 35
(R, 5°C S 0°C B _50Cc 't _12°C L5 50c 'Y
0°C 'S 5°C) f 51345 7 7 T H % I iELEE (10~
18°C). HR 4 Ay i Z5 71 V4 il 7 28 13 it o R A P B A
TR, R EATIEE KE . WIEES . AR
IRACH 2L IR R B B TR B, BRr-12°C
SRR A, E A R e O E SRR K R
BHo HAEE T A0 FEAERKEEA R, LLOFI
S5°CHbHE PO FAKEHBEZE XTI, X5
5 PNK(2008) 1) S50 45 I A — 3.
EEMAEK. KRS, FMiEE
AR AR AR B, SORH B 29 FE 3k, AT AT —Fh A= 3 e
HB T B PP A AR A, A A B — R AR
o S MRk B RSP EDIRAS B, 2RI 5
AR . GAGRMEHEDEK KB EEN
PR 2 —, TE A HE BRI S5RA 5 4E Hr (fAT AR AR
Z52010). A4 7 % 25 P GAL & 2 [ AL FE R A0 Ak
L 1) 2 30 H AN [R) 19 A8 A A, X 5 i =5 P S )
AR R DI G . EREACER S B, GA, & &bk
m, ARSI, X 5GA S BIEAR 4 A 2
FI 1 AR BRI FE Aoz i B R A F . Ab 3884 d
Ji, OFIS°CAbHGA, & & e 1, GA, Bl s, 525
PR O SRR NIE A K. TAA L (e k4
Moy, REA AR HE AR I Ak SF T RE, RTAESE R
B A ZE AR A B B i 2k A F (Saniewski &
2005). %25 NTAA S & F i B % 25 10 0 ZF T

3 AN R A T XTI < 7 5 25 A 3R PR IRIOR & A SR (5

Table 3 Effects of different low temperature treatments on correlation of three endogenous hormone contents in tulip bulbs

_ -12°C 0°C 5°C
W

GA, IAA ABA GA, IAA ABA GA, IAA ABA
GA, 1.000 1.000 1.000
IAA —0.004 1.000 0.319" 1.000 -0.391" 1.000
ABA 0.124 0.036 1.000 0.094 0.225 1.000 -0.098 0.359° 1.000
! AR gl

GA, IAA ABA GA, IAA ABA

GA, 1.000 1.000
IAA 0.486" 1.000 0.471" 1.000
ABA 0.529™ 0.478" 1.000 0 0.138 1.000




1008 T A P )
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Table 4 Effect of different low temperature treatments
on the correlation between central bud height to bulb

height and three hormone contents in tulip bulbs

e B R/ 2R e B A

-12°C 0°C 5°C AR X g
GA, 0 0.200 0.200  —0.600  —0.400
IAA 0.200 -0.200 -0.600  —0.600  —1.000"
ABA -0.200 -1.000°  —0.600  —0.600  —0.600

HENIE R A K, AFRRACEE T, e F ki n
TAA S 5 H I 0 AF PR B ) AN [R], %) R o 708 1)
i, 0°C. S°CHIZAZ R A FE7E 2556 K HI B Ig {1,
M—12°CAb BN A I s AR TR AL FIAA S
B EART A FE AT, UER R S, Tl s
AIEERAE K . ABANAE KNG BB, 7EEYIE
PIFAEE A I, 75 AP AR SR D4R 4
Ji PN T, ABAZKFTFm il iR K, ABAR
N, AP IE A K (Kondrat%2009) . fii4:
7 2R IR AL BRI B A2 FTBARER, ABA & &
AR A AT LA [R5 150 B 6 25 () IR IIR R B o ASHIE 9 R 3L
AN FER IR AL B FE o, ABAR & &1 B B REAG, H
PR AR AL FEAN-12°C AL HE R IABA NI & BAFAEAN
e M XTIRAE 14 dJE A IR, IRAR AR FR 2212
OFN5°C 4ib HH PG MR 2 5 K, BRI BIR Mk ok dme P o

WIS R 5 R E RIS TR B, 750
MISCCALFE N AR B 5GA & BRI A IEAR,
HIAATIABA & &R I FAHIE, X REALHE 2744
B 53R R BRI A IG . IR (8] 5 AH
FAE TR, GA 5 ABAXT T3 AR IR R 5 3= 5
EH, TUHZABA, 5°CAbFR R, GA,5ABAS &=
KA I, J (2 i b =5 PR T g B PRI 1) B3 0
TRE; XHRIGA, 5 ABAE S AHGHE/N, 6525l
PRERAE FH /IS, T #AE-12°C. 0°CHIZR IR AT R GA, 5
ABAHBERIAIEA R, X5 MiE %4 FABAR
BRI ARG K, BRI R 212
WR4E2015),
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Effect of different temperature treatments on three endogenous
hormones in tulip bulbs during dormancy

YE Rong-Chun, TANG Nan’, TANG Dao-Cheng, ZHANG Jing

Plateau Flower Research Center of Qinghai University/The Key Laboratory of Landscape Plants of Qinghai Province,
Qinghai University, Xining 810016, China

Abstract: This study selected tulip cultivar ‘Golden Apeldoorn” under five temperatures (—12°C, 0°C, 5°C,
variable temperature and room temperature as control) as material to study the influence of different tempera-
ture treatments on the GA,, IAA and ABA contents and development of central bud. The results showed that the
GA, contents in bulbs under constant temperature above 0°C presented two peaks. Temperatures below 0°C had
little effect on GA, content. At the end of treatment, GA, contents in bulbs under 0 and 5°C were highest. Ex-
cept variable temperature treatment, the IAA contents in tulip bulbs changed sharply in the first 70 d and pre-
sented a peak during 42-70 d. The higher the temperature was, the earlier the peak appeared. At the end of
treatment, the IAA content in bulbs of all low-temperature treatments was lower than that before treatment. The
ABA contents showed a continuous decrease under different low treatments. Comparing with control, the ABA
contents in bulbs under 0°C, 5°C and variable temperature decreased continuously in the first 70 d, and then re-
mained a relative stable level. The contents of three endogenous hormones in bulbs under different temperatures
showed extremely different correlations due to the difference of dormancy depth and development of central
bud. The development of central bud presented significant variation under different temperature treatments. Un-
der 0 and 5°C treatments, the buds developed fastest and had close correlations with the contents of three hor-
mones. It was proved that dormancy release was best under 0 and 5°C treatments, which were good for bud de-
velopment and flowering.

Key words: tulip; bulb; low temperature treatment; endogenous hormone; central bud
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