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BRI AR KR B ok R 5 A P2 1 AR A 5 D) AE G,
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oxygenase, LOX-1)7E H & Ji ¥ BRI BSOFH I K0 78
R EEAE A, ATRe Rl K F IR RS
(jasmonates, JAS) AV E RO FFER I 2 A2 138471
25, HERE . VERD RN AT 4E F0) B R ER AU BR 1%
PN KR EEAEH « 9 T AR AR 4 7 BT % 22
B I, ERRREEER AR KEME. B
HRHAD 4 75 FhERAE AR K R B I A Hh () A2 BRAB A5
TP = B S sk = R S0, JCH X))
TER AT 75 5 M) B S = O A A 7 v R LR

AT 6 i P A 4 A7 BEBRAE b ifg i X L =
KA I 2 b ) AR KA LA T WA S, IR
Ir 7T AKE R & SRR I TAA. ABA.
GA;. ZRPUF F BRI 1 & B AR, HEXT
5 s 2 R) () AH O YE AT 0 A, DU AR O
AR A PR ER IR AL n) 2 (R HUR 2% .

1 RS

L1 {3841

DL RAE . SRARMEAE . DUIEHE Sk /K Sk
TREZI 6N 47 (Tulipa gesneriana L.)\FP(FE
D AR IS AR, T20174E12 A 22 H FiE
TAEA T, A KRR A B AL A KR L R 4F
KA — B RAE N FERR, 2915 ERFELIR, JEEL
61K, BEREEA S A HUREORK, 10 KA 2 R 1%
IR FE S FR AT o
1.2 RIE 7%

SAAEAR G A R R . 2R AR K, dhE
WL REAEH] . ARG GGR2) MR AR S A K,

VeGSR ERE . FEREAR . SR E RS TR A,
JE 3N FIERCON—A, N E . R 4
JZ 6% IR G S N A R, BT -80°CUKAR I/
17, T e AR Aa e, EE 3.

K FH it Bk 4, 9% 755 (enzyme-linked immunosorbent
assay, ELISA)REAT Al 4 A BEERFE i rh V) B R
ABA. 1AA. GA,. ZRE &I 5%E (Zhao%$2006),
B E R 3IR, KA Excel X FEkE . Fhek
BEAE. EEE . GA,. ABA. IAA. ZRi#H/T
HE AR 7 S WEVE AT SR Excel FAE X A
BREE, MBREAR. TR HO TR R .

2 LR

2.1 WEEFMKERIEFHKEESHIKER
HIZELIE R

X OIS e 7 it A EURE H R R AR KOR L
AT RES W, Wi RE 2 25 m A K
WL GRAEI . BEAEIY K AR SRR SRR A (3R 2)
X 64> I <t 7 v Ao A e S R o v AR A 1 L ik
TR, S5 RRWIAS [ dh FAS e e A R R o i
REE S HAREREE AR D). 64 kA
MEIR (PD). “5HE (PR)NI B £ T (SP)Fh Bk E
BRI BAell. BEA]5S HRG  AR
RIS G, AL (RD)MERE E7E2
AR R AR S 2 3G T, AEARAEIY] . A
5 Ul SO S L SO0 220 R 8 2 BRI, v H AR A
(GR)FI*A €477 2RI (SVE) Bk # B E 2K
U R TN S 2 R /D, AR AR R AE SR A B
Bk R B R AE I B . R B R
(PDFEZ=MAE IR RG] 5K (PE)TER AL
AN A S0 A b R B R S S 3, LR R AR AE AN

K1 LA A
Table 1 Tulip cultivars

pE By i Bzt 1efh
“H{#AEAE #° (Gander’s Rhapsody, GR) BRI A A . [
W EI % (Pink Impression, PI) B LA R e
41 (Purple Flag, PF) SUEHE, FA %
YL (Red Impression, RI) IEIR LA, B AR:)
#3173 % 1] (Salmon Van Eijk, SVE) TEIRSC A B e ARE)
‘BHY%EF (Sunny Prince, SP) B B R o
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Table 2 Changes in soil temperature and growth period observation at sampling day of the tulip

HURE HHICE-H-1) I i/ °C BARIR/SC i/ °C A K I E) /d EEM
2017-12-22 18.8 7.9 9.13 0 it 14
2018-1-8 11.0 6.5 8.29 17 LA KA
2018-1-20 18.7 8.8 14.04 29 GETEH
2018-2-5 20.3 0.9 8.34 45 A
2018-2-26 21.0 6.5 12.41 66 A 40
60; *GR =PI =PF =RI =SVE =SP Gk, a5 RRP B R, <K (PF)ATFHE
50f ouThY. B e FF (SPYHH 1/ BERR ™ 42 5~8 A B 25, < T8

1 (GR). WIS (PD). ‘ZLEENS (RDF
e )5 R (SVE) 7= AR 3~4 4 B ik 25 (B 2T
3)o O db A B 2R () S AN A, K (PF)

FERE#£/mm
3

ul (A BFERE 7242 5.54)>BH 6 £ 7 (SP) (Fg:A
0 17 29 45 60 BEEREI PR 2E S 14N> 245,75 L A° (SVE) (g4t
AR R 15 7= AR 3.5 > Rt BN G (PT) (BN BEERT 1)
"OR =PI =PE *RI =SVE *SF P30T H AR (GR) (A BEBRP 17
B Ok §. & I LLEEIS (RY) (54 BT 22.67
o0
" —GR —PI —PF —RI — SVE — SP
3, 6
2
<
£
W3
29 §
A Al/d & 2
1
KA1 6B < i i A R B R 5 A A2 324k .
Fig.1 Bulb weight and circumference changes in the 6 tulip 0 17 29 45 60
A Al/d

cultivars

e _ P12 6/ B SRR ER T 254
IR B 52 5 I D ok ok 35y i 8025 22 5 (B 1) - B Fig.2 The number of renewal bulbs in the 6 tulip cultivars
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22 ﬁﬂﬁ?ﬁpf*i{’cﬁ*ﬁtl:'%%ﬁ?ﬁﬁl B E"JTEPC Fig.3 Cross section of tulip renewal bulbs
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e EHRBEEREAE RPERAEK K E TN, BIE e, 8RRV K AR & AR E T —

Tl B0 SR 8 2 H B AR AN B, A AN ANE (3~6). ABAIE 45 R (£3)%
23 MEBREEMIEPEMHEZNSH B, SR (PR)RIZLEEN R (RDFE ZE M KA

oA S AR FIIAER PR S EIMAT T GRS PR IR b A R 3 R B, B A

R3 AR BEERIURE D YIBRABAS &
Table 3 Concentrations of ABA at sampling days in the tulip mother bulbs

ng-g’! (FW)
A K Al /d GR PI PF RI SVE SP
0 35.29+1.74*° 19.38+0.56™ 40.90£0.63* 33.44+0.32" 25.55+0.28% 29.70+1.42°
17 37.64+1.05™ 23.71+0.94% 29.28+0.62° 23.53+0.40" 32.32+0.83% 36.61+1.81%
29 23.49+0.21% 22.06+1.18% 28.89:+0.71¢ 29.62+0.46 43.79+1.92* 26.32+1.46%
45 33.47+0.92 28.34+0.80%" 24.53+1.29™ 26.94+0.52> 20.25+0.23™ 28.14+0.31°
60 32.89+0.99" 41.06+0.63" 33.90+£0.85 58.82+1.80™ 27.12+0.54 54.12+1.54™

NEFRFRIRAE0.05/K 1 LB 2R, RGP REIORAE0.01K P B R 225, FRE.

R4 WA REERPUE HEYMERGA T &
Table 4 Concentrations of GA, at sampling days in the tulip mother bulbs

ng-g" (FW)
A K ) /d GR PI PF RI SVE SP
0 4.51+0.20% 5.47+0.22°% 4.00£0.10™ 6.87+0.27" 5.04+0.06™ 4.86+0.15%
17 5.00+0.18™ 5.62+0.11" 3.32+0.18" 4.26+0.09™ 5.28+0.11*™ 4.89+0.13%
29 4.52+0.14° 5.09+0.10% 5.09+0.21< 5.33+0.04% 4.22+0.05% 3.56+0.11™
45 8.39+0.11™ 5.33+0.174%° 6.02+£0.21™ 7.09+0.17M 5.45+£0.21™ 8.10+£0.21*
60 4.80+0.145 5.37+0.20"% 5.57+0.11%" 5.88+0.17" 3.74+0.12™ 7.40+0.21%
RS WA RERIEE H B RIAA S &
Table 5 Concentrations of IAA at sampling days in the tulip mother bulbs
ng-g' (FW)
A K 1A/ GR PI PF RI SVE SP
0 32.73+1.65% 19.21+0.63% 32.15+0.91% 23.49+0.69% 12.44+0.27% 15.18+0.54™
17 19.07+0.49™ 15.64+0.25™ 42.78+1.83* 19.99:+0.58% 24.82+0.46™ 25.86+1.09%
29 14.27+0.56™ 19.13+0.48% 21.16+0.45™ 18.32+0.41¢ 29.70+1.33* 18.15+0.63%
45 29.51+0.39< 27.94+1.24" 20.69+0.47™ 22.45+0.35% 22.87+0.67 25.71+1.09%
60 41.18+0.75™ 24.43+0.73% 28.90+1.06 26.74+1.40* 15.91+0.35™ 32.12+0.53*

o B A BRI Y ERZR G &
Table 6 Concentrations of ZR at sampling days in the tulip mother bulbs

ng-g”" (FW)
A K I i) /d GR PI PF RI SVE Sp
0 7.62+0.21% 3.9240.11% 6.90+0.15 10.57+0.27* 4.11+0.11™ 9.33+0.23"
17 4.84+0.15™ 5.80+0.12° 8.51+0.02* 6.68+0.26 9.39+0.31* 6.74+0.06™
29 3.30+0.04" 3.78+0.08“ 6.58+0.13% 6.26+0.23“ 5.16£0.11° 3.87+0.07%
45 6.77+0.26% 6.04+0.04™ 6.04+0.24“ 8.16+0.22% 5.48+0.16° 6.92+0.11%
60 9.30+0.05" 5.37+0.15™ 6.65+0.15" 8.69+0.10% 5.72+0.10" 9.00+0.21%°
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B LABAT B EE FTH. M@ ge
(PI) ABAF 5 71 25 A K 15 P ST AH LUl 5t 2
BT, TS M A K BN R, BT
RIS ENUREES Y i a & W) B ]
YA (SVE) ABA & B 7E ZE A K AN G4 18 10 5 Fil
AR LU AR B35 BT, 30 B AE 5 a6 18 A L ik
BN B, CE RS RS T (S R AR b2 R
BE). ‘FEET (SP) ABAT A S M A KK
B2 LI, BUAGAE HIRN BT A A 2R A K A B
TR, RN R TS . 6w Bhrh e H R AR
" (GR)AM e (PF) ABA S S AE M- A% 108 T B

GA, & B IE 45 REHRWI 6 b, H
FEAR S (GR)H GA, & fE7E 2R A K 5 R A AR
Lobk B2 BT, B T, ARG
WIN R 2 b, RS IR RS AR B3 R R, R BI
LT AR (SVE)RI B
T (SP)i 2R GA, & 7E ZE A K Hmg (=
SN E), TEUGACHAR A A K I B 3% R B, B
TEIABURTE A B35 LT, oh i e i A E A
Z TR, BB A M ARESE, EiE (PRI L GEN
G (RO R A 25 A K A b A S 3 1 %,
GRAE R AE A B 2 AR KA 28 BT, A
WA AR 53 R . o En g (P4, H
RSN AT IEIAGA & I8 Bl s, 7R
“HEF A (GR) 8.39 ng-g' (FW). “%4j#’ (PF)
6.02 ng-g"' (FW). “ZLEEI% (R]) 7.09 ng-g"' (FW).
‘AR (SVE) 544 ngg' (FW). “BEETF
(SP) 8.09 ng-g" (FW) (¥4).

TAA E 45 R (3 5) 3 AN ] 5 Fih e A 7 A AR
R —5, HET A (GR)A e 5
(RI) TAAE 5 7E 25 A K A GG 16 1 5 P e A
PSR T, BAE I BAE I 22 BT, A
BB e, 434 A941.18 ng-g”! (FW)H126.74 ng-g”
(FW)o “BHYEE T (SP)ZE Az K i R e H A 2
LT, e R T A K A R R R, B
T, MR B, N32.12 ngrg” (FW). B
T EIG (PR I A 25 AR K A P e A A 2 2%
B, AT aE T, A A B i m, N27.94
ng-g' (FW). “%Jf (PF) IAA S S 7E 220 A KI5

w1, N42.78 ng g (FW), SAEI. EAE AR A% 3
WA AERKIINEE TR, AR (SVE)
TAA S B 75 ZE I AR KA AN UG 16 80P A A A 2 3%
T, TEURTE A B 5, 929.70 ng g™ (FW).

ZRME 45 (K 6) K LT (PRM A A
A (SVE) AL A AR F], 7225 K S i
B, 2851 ng g (FW)H19.39 ng-g” (FW), Zh1E
WL BRAE R A R R e A KR R 2 R
Fé. ZLEEIG (RD). PHOGET (SPYRIH AR
> (GR)ARL a3 AH [, (H 4 BB (RDANBH Y
EF (SPYTERIEHII & e, 7057910.57 ng-g”
(FW)F19.33 ng-g" (FW), “H ST AE Hi* (GR)ZE M4
e R IR E, 99.30 ng-g”’ (FW). “BraEIR (PI)
ZRE AR 2 A K R B A S8 3 T v, dRAE
B R A KA 2 T I, BRI & 28 B &
&, N6.04ng-g" (FW).,

XFOA d R AR B A REBRIEER (A1 AH S 40 BT (R
T, ABASIAATE B IR (PHA B IHEE
F2E, 72 H AT E (GR). “ZLEEIZ (RT). A
3R (SVE), ‘FHEEF (SP)AEF Wtk 3%
R, TAASGAIE LI EN S (RDAEF I T 3 41
K, fERIE (PF). “HEFAR > (GR)APHYE £ 7
(SP)E & AN B 2 A 5%; ABA S ZRAE H T A8 iy
(GR). “MrtaEge (PHAIBHYEE T (SPYAEE MR
EMK; IAASZREH B (GR). “KiE
(PE)FI LB EN G (RO B WINK 240G, GA S
ZRAEPHYCEF (SPYAF MR Z KL, 18 K
(PE)FIZL (BN R (RDAEH WA 5 2 A K

S NTVURIE I 2 . FhER E S T ik 2K 2 H
] A e, R B H AL H (GR). 4K’ (PF)
PSS FITAA . ABA. GA,L THT % 22 40 H il 2
FAR, BEBEIG (PT) IAA. ABAS BT 2540
H R E ARG, a5 (R]) ABAS B % 224
HEZ AR, ‘BHGET (SP) IAA L Bk =4 H
MR ZF AR, HAEAEAE M (GR). “ZLAEIAR (RD),
B E T (SP)FhEk #1555 i fik 2K 8 H AR B35 A
5, Ry (BN G R ER E 5 R e 2 A H A OG,
AR (SVE) B 225 H 5 5k E
TEAERME(EERT).
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Table 7 Correlation analysis of bulb weight, phytohormone and renewal bulbs number in 6 tulip cultivars

i TAA GA, ZR ABA FhER &

“HEFEAE - (GR) IAA 1

GA, 0.699” 1

7R 0.234 0.482 1

ABA 0.790" 0.433 0.529° 1

FhERE & 0.106 0.377 -0.239 ~0.041 1

B Wi 224 0.719” 0.650" 0.183 0.665" 0.632°
P EN R (PT) IAA 1

GA, -0.270 1

7R 0.400 0.338 1

ABA 0.577" -0.018 0.499° 1

FhERE & —0.563" 0.443 —0.345 —0.098 1

B Wi 224 0.739" -0.351 0.366 0.810" —0.561"
i (PF) IAA 1

GA, —0.863" 1

ZR 0.924" -0.874" 1

ABA 0.334 -0.417 0.122 1

FhERE & 0.368 -0.507 0.138 0.822" 1

B Wi 224 —0.669" 0.850" —0.567" —0.666" —0.855"
LA (R) IAA 1

GA, 0.456" 1

ZR 0.699" 0.717" 1

ABA 0.806" 0.153 0.366 1

FhERE & 0.010 —0.164 0.445 ~0.154 1

B i 224 0.449 0.396 0.034 0.580" -0.793"
A 53R (SVE) IAA 1

GA, 0.058 1

7R 0.398 0.263 1

ABA 0.648" —0.426 0.151 1

FhERE & —0.620" 0.098 —0.632" -0.826" 1

B Wi 224 0.320 -0.511 0.086 0.064 0.117
‘BHFEF (SP) IAA 1

GA, 0.699” 1

ZR 0.234 0.482" 1

ABA 0.790" 0.433 0.529° 1

FhERE & 0.350 0.054 —-0.676" 0.112 1

B Wi 224 0.672" 0.356 -0.399 0.363 0.823"

*: 7E0.05/K T [ 5B AH S **: 7E0.0L KT FAR & MK,
3 g

MEHMRERETZ - NEEERIEY
SFIERE, RHEREE . REYIRCR 18] 001 22 R 2R
EERERNERRE KERSEZARAE, R, 4
PR it o (5 T AR B Ol T 1) BEBR 7 A B 25 1
RE 75, OB AH 2, RABERE YA AL,

WAL . AR AR (AL B R AR ) BERR P A R
BEZEIIRET) 59, R IR IR A& . B
BEZ M AR H 5RIEREEAR, DIk, i A
[l fh AR e A MPER A KR E . BRI R
AACIE, AT TRARMEERAMNEKKE
FUHE, D945 e R A M 2R S8 A T A5 5 v A2 Al b ek
BTk S, 4 SR AR M AR AR AT e
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3.1 EYERENEE AR SMFPHTHEE ST

T AR R RS B R, A
INAERYE TR K 5T A K b R 15 E 25
(iR E L, T HLAES 5T R R N R iz
B FL (B EE2015) . AHFFEIE T 6N & &
i PP R ER R B ER O R A KR B R
M, 25 R BHGATE6A it Bl i AR b S e AR —
H, T AEKHREA RS E SR EA, RIEH
NFE, 2 EFEEQ005)IIEGA, 5155 H & 12t
ERSEFHAEF KR, SEHTHCARIZE
AER—F . ABAMZ S EEY b 1 EEEE,
TEM ARG 2 B RE, WAEEN KK E &
TR R 2 SN . BRI Z 41, ABAT] BELE L
BT A B RO R R FEAE Y, 0 sh R AR 55 (2002)
TRIE H ZH YR H ABA £ &2 A F T H BRI K,
A 25201 7) 18 ABATS {2 32 VRS R AR 25 1 K1)
EH, 22 EZEQ017)IEABA & & 50 11 251 8
YRR IR G, RALAF(2017)RIEABA T 8
To S SR A 3 2R I R R A AR S 11 A K A i iR
R EARH K. ARHF T ABAN & 45 B E B, 645
Pl R 2L AR KIS T BEAE R B, A
WIS BT ARG RSN, i A
WIS, TR AN S Ay LED G0 (PT) H B0 B BR
HIMMPR S, SATAIRIES R —5 #NABA
TEAR & & FhER A KR G Mo 2 b 72 e S s 1k
F o X 64N 6 7 it b AR KR B S AN I B I R Bk
H,OFEREAR. BB, eSS e bRt
AT W5, R IUAS[RIAR 4 A b P S AN HORE I A J31)
PR MIAA, ZRALESA T —E, HIX—
G5 R AT RE S AN [ i P AR A ST AN R AR,
oA A FHOGE T (SPY A RAE M, 45 dEiik
FIBSACH, <K (PF)FFAE BN I T BH % £ 7, (H I
A, IBES dBL B, HRAA SR TE SR,
FARFN66 kB, Hrh a ey (R A
a3 (SVEVE IR, RA10 dets, “H AR
> (GR)JFAE M, TRAEIT [RIAH [F], PRIk, AR R
B AN, WS R R R A A 2= R .
32 MEEIKEYHRREENEHMSEERE
oA

H AT ¢ T1 4 A REERAE 0 2 2 Fh Bk E XS

T B % 22 2 T A RS0 v R WL ARGE, A AT R IR A
T TR 4 A BRBRAE WU 3 S P K R ) T R i 25
OB s, RO H AR S RS R
IAA. ABA. GA,55 T =240 H W B A G, 8y
BEIR TAA. ABA HHT % 2240 H B 2 3540 5%,
YIS ABAL RS R H B E ARG, FHG
T TAA L ik 2240 B R AH 06, < H T
Ml wEEge. BHG T TR ERE 5 R
LR H W BB S, e SO Rl R S i 2
BHBEMR, EEADE A H SR
B TCAH I . HEMITAA. ABA K FhERE BAEH 4
B B % 25 110 A e TR B i 2R 0 H 1) 2 /0 i O
YEH .

IS 4 A B BT 25 1) AR b L AR A1) 4y BE
BRI AL, 7T et A2 52 T AE K A0 35 45 il g —
FlAE IR . AR TG A R — 2K A
B AHIE R B A K R AT R, KBS RAR
Y, XK R KT A4, H 25 a2
TSRS 2 1 A K (ZE2018), PRI AR K 2T Rg
S Sy BE 7= AR, AEKFE T K INOsIAAG6. OsPIN2
SECIA K G4 BE I R A2 (JungZ52015; Chen%52012),
EH BE BB E A5 B8 UE (AT E52018) . AWFR
RIMTAA 5 A 5 B 0 Bk 25 11 7 A6 A 0 Y 38 A %
P, 5T FT4E SR 2, Ui B TA A 5T % 25 (1)
FEARH E B . A TR A% G B S
(ELISA) M E B 4 A AE K 2, o T R B 55 i) 1,
Fr & & ] e AN Re e R A AR B TEIITAA, T
WA KR E R PR 1) 32 B AR B TR,
DR, T — 20 A7 5 SR RS T B vy 119 v S0 A £
TR T VERE— DRI . 5 AN A R IR R D B
FATERUAR 4 A b o, B EURE R H1< P O's 1 7 58 gk
RGP IME NS, TR (BN B B i 2K I E A
3.07, X IR M & AP R,
FNYLE R AR 47, ‘Mistress’ B 7 ik 25 F 50 N
4.27, ‘Baracuda’ 91 #fik 25380 N2.77, T Sweet
Rosy’ BB 2518010 1.37 (45 SR AR ). 1]
S 2% 0% R IR (1) [R] — A 4 A 70 S BT 5 22 1 4
H EIEATEA—5, 8% ¢ R Iim i 55 i 22 50
CEVANCE U =E L RTA Y P C P Sas 2 A D i
T M it A K 2% 18 $ar P /1) 77 (1-N-naphthylphthalamic
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acid, NPA). #7002 BRIt L 95 S8 AL BEATE 0 AR 3R
SR A AT BRI H SOk B BISE IR ST
ABAS M2 A ARIRAT 5 U1 5% & (Peif1998)

Wang25(2018) 453 AB A& izt 1 15 i i 4 1A T ke 5
Wi K22 () 53 BE, FEERAF(2013)4RIE MR it T ABA B
RGN ) BEEF B AR AR, (H IR 58 A
HAEK . BT RIMRED P4 R RV ABAL
44 b o BT % 25 80 AR SR, S IABATT g it
5 H AR F TR 7 B R 25 1

22 Hk(References)

Cai T, Xu HC, Yin YP, et al (2013). Mechanisms of tiller
occurrence affected by exogenous IAA, GA,, and ABA
in wheat with different spike-types. Acta Agron Sin, 39
(10): 1835-1842 (in Chinese with English abstract) [%£
BR, IR RL, THHEREAE(2013). AMETAA. GAMIABA
SR [ AR A /N 32 43 BE AR IOHLD. AR 224, 39 (10):
1835-1842]

Chen Y, Fan X, Song W, et al (2012). Over-expression of Os-
PIN?2 leads to increase tiller numbers, angle and shorter
plant height through suppression of OsLAZY1. Plant Bio-
technol J, 10 (2): 139-149

Dai ZL, Xiao DZ, Cheng ZM (2015). Study on breeding of
tulip commodity ball by bulb. Jiangsu Agric Sci, 43 (9):
215-216 (in Chinese) [#t K, B % &, FE415(2015).
AR & TEREE O A ERAORIT 7T, TLIR AL AL 7, 43
(9): 215-216]

Duan N, Jia YK, Xu J, et al (2015). Research progress on
plant endogenous hormones. Chin Agric Sci Bull, 31 (2):
159-165 (in Chinese with English abstract) [B¢{lF, 51 &
%, IREA(2015). VNIRRT Bt P E K
R, 31 (2): 159-165]

Gu J, Li WC, Yan J, et al (2017). Effects of endogenous hor-
mones on growth and development of root stem. Chin
Agric Sci Bull, 33 (21): 27-32 (in Chinese with English
abstract) [ 4, ZE3CHF, M™IE4E(2017). IE X E
MR 2R AR KR B s . R B R SR, 33 (21): 27-32]

He XL,Yuan ZH, Xu Z, et al (2008). Effects of lipoxygenase
on the cormels formation and enlargement in Gladiolus
hybridus. Acta Horti Sin, 35 (1): 87-93 (in Chinese with
English abstract) [f175 [, 5% 4, 1R¥4(2008). [HH
A X B BT B R SR Tl 2k, 35
(1): 87-93]

Jung H, Lee DK, Choi YD, et al (2015). OsI4A46, a member
of the rice Aux/IAA gene family, is involved in drought
tolerance and tiller outgrowth. Plant Sci, 236: 304-312

Li MJ, Liu SY, Liu W, et al (2017). Physiological and bio-
chemical changes in Dioscorea opposita during the

process of microtuber formation. Plant Physiol J, 53 (5):
807-814 (in Chinese with English abstract) [2=H]Z, x|
52, XUSEAF(2017). PR L2 R B 2501 B R v i
B4 AL FEP AR, 53 (5): 807-814]

Li Y (2018). Advances in strigolactones regulating the dor-
mancy of rice tiller bud. J Agric, 8 (6): 5-9 (in Chinese
with English abstract) [ZEH-(2018). J 45 P4 Eg 455K
&5y BEZFARIR BT SO . AR 222441, 8 (6): 5-9]

Maslanka M, Bach A (2014). Induction of bulb organogenesis
in in vitro cultures of tarda tulip (Tulipa tarda Stapf.)
from seed-derived explants. In Vitro Cell Dev Biol Plant,
50: 712-721

Nomura T, Murase T, Ogita S, et al (2015). Molecular iden-
tification of tuliposide B-converting enzyme: a lac-
tone-forming carboxylesterase from the pollen of tulip.
Plant J, 83 (2): 252262

Nomura T, Ogita S, Kato Y (2012). A novel lactone-forming
carboxylesterase: molecular identification of a tuliposide
A-converting enzyme in tulip. Plant Physiol, 159 (2):
565-578

Pei ZM, Ghassemian M, Kwak CM, et al (1998). Role of
farnesyltransferase in ABA regulation of guard cell anion
channels and plant water loss. Science, 282: 287-290

Qian SL, Yi MF (2006). Analysis on the changes of endoge-
nous hormones with gladiolus cormels during different
growth and development stages. J Hebei Agric Univ, 29
(2): 9-18 (in Chinese with English abstract) [£&# K, X
M5 TH(2006). AN [ A2 5 IR 301 VA BR A JRR
AL B AR ML R 222417, 29 (2): 9-18]

Qiu LH, Fan YG, Luo HM, et al (2018). Advances of regula-
tion study on tillering formation and stem forming from
available tillers in sugarcane (Saccharum officinarum).
Plant Physiol J, 54 (2): 192-202 (in Chinese with English
abstract) [ 34T, YoMV BE, B9 5 (2018). HE /B
KA R B ZER R UL e A LR, 54 (2):
192-202]

Shahin A, van Kaauwen M, Esselink D, et al (2012). Gener-
ation and analysis of expressed sequence tags in the ex-
treme large genomes Lilium and Tulipa. BMC Genomics,
13: 640

Shi CY, Wang ZL, Guo FF, et al (2002). Changes of ATPase
activity, ATP and ABA content in storage roots during
storage root thickening of sweet potato. Acta Bot Borea-
li-Occident Sin, 22 (2): 315-320 (in Chinese with English
abstract) [S2F AR, IR, F6XIESE(2002). HE PR
RidFE s ATPEGVE TE. ATPHIABA S & 81K, #EL
T, 22 (2): 315-320]

Sun LP, Shi YM, Tao YW (2003). Effect of cold treatment on
rejuvenation of tulip bulbs. Plant Physiol J, 39 (4): 308—
310 (in Chinese with English abstract) [fh37.2, 5 354,
PR EEH(2003). ¥ OGRS 6 A AP ER SO IO 2 M. 14 4




W BB I < 7 0 25 RO SRR AR G 2R 309

HIZEAHE, 39 (4): 308-310] (2017). H Z AR TE A& FLR IS LRI Tt e 1)

Tang N, van der Lee T, Shahin A, et al (2015). Genetic map- HEHEEAR, 53 (5): 749-757)
ping of resistance to Fusarium oxysporum f. sp. tulipae in Xia YP, Huang CH, Zheng HJ, et al (2005). Advances in
tulip. Mol Breeding, 35: 122 researches on bulb development of Lilium spp. and its

Wang H, Chen W, Eggert K, et al (2018). Abscisic acid influ- physiological mechanisms. Acta Hortic Sin, 32 (5): 947—
ences tillering by modulation of strigolactones in barley. 953 (in Chinese with English abstract) [ F ¥, #HIF,
J Exp Bot, 69 (16): 3883-3898 AR FE(2005). F A ZIE RS K E A BT Tk e

Wang SX, Zhu DX (2007). Studies on the growth and bulb re- [iEl 254, 32 (5): 947-953]
juvenation of tulips in protected culture. Acta Bot Borea- Xia YP, Zheng XZ, Qiu HB (1994). Studies on the bulb devel-
li-Occident Sin, 16 (6): 178-181 (in Chinese with English opment and rejuvenation of tulip. Acta Hortic Sin, 21 (4):
abstract) [EA M, 42 P4(2007). (R 35 244 N AR 371-376 (in Chinese with English abstract) [ &, ¥
ESEAKKE SMEREARH T, AR R, 16 BRE, SR B(1994). MBI KR E KLl
(6): 178-181] ST, 2243, 21 (4): 371-376]

Wu YL, Wang HX, Yang J, et al (2017). Advances in storage Zhao J, Li G, Yi GX, et al (2006). Comparison between
root development and regulation in sweet potato [[pomoea conventional indirect competitive enzyme-linked immu-
batatas (L.) Lam.]. Plant Physiol J, 53 (5): 749-757 (in nosorbent assay (icELISA) and simplified icELISA for
Chinese with English bstract) [R5, F4. 7, 1R 5% small molecules. Anal Chim Acta, 571: 79-85

Relationship between phytohormone changes and bulb renewal of tulip

CHEN Min-Min', GU Jun-Jie’, SHEN Qiang’, YANG Liu-Yan', LI Xin', ZHANG Yong-Chun"’

'Forestry and Pomology Research Institute, Shanghai Academy of Agricultural Sciences, Shanghai Key Laboratory of
Protected Horticultural Technology, Shanghai 201403, China
zShanghai Flower Port Enterprise Development Co. Ltd., Shanghai 201303, China

Abstract: Improving the utilization rate of tulip bulbs is important in the industrialization of tulip bulbs, while the
number of renewal bulbs directly affect the quality of bulbs. Mastering the changes of phytohormones during the
process of regenerating bulbs formation is the prerequisite for improving the quality of bulbs. The growth and de-
velopment of the mother bulb was observed as well as the changes of phytohormones and the number of renewal
bulbs in the greenhouse cultivation of six tulip cultivars. Results showed that the number of renewal bulbs in the
six cultivars was different. Among them, ‘Purple Flag” and ‘Sunny Prince’ had more renewal bulbs and more seri-
ous degeneration phenomenon. A comprehensive analysis of the correlation between plant hormones, bulb weight
and number of renewal bulbs was conducted. Results revealed that the correlation between IAA, ABA, GA,;, bulb
weight and number of renewal bulbs varied among different cultivars. [AA had a significant correlation with the
number of renewal bulbs in ‘Gander’s Rhapsody’, ‘Purple Flag’, ‘Pink Impression’ and ‘Sunny Prince’. ABA had
a significant correlation with the number of renewal bulbs in ‘Gander’s Rhapsody’, ‘Purple Flag’, ‘Pink Impres-
sion’ and ‘Red Impression’. GA; had a significant correlation with the number of renewal bulbs in ‘Gander’s
Rhapsody’ and ‘Purple Flag’. Bulb weight had a significant correlation with the number of renewal bulbs in ‘Gan-
der’s Rhapsody’, ‘Red Impression” and ‘Sunny Prince’. It is speculated that the weight of the mother bulbs, ABA,
IAA and GA, play a key role in the occurrence and quantity of tulip renewal bulbs.
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