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Table 1 The varieties of tulip

i e JEHRE izt 31 figtt:
Variety Color Size/cm Flowering season Style Ploidy
“M R EZ”World Favorite’ AR >11 th JRIR LA 2n=3x=36
“EHE” Huangyu’ T >11 23] RIR L RAT S 2n=3x=36
1.2 KA 1.4 BUESHR

VERRTO 3 , 2R i H KT 11 em
FIAR & & FPER . 2 BB AR 5 W ik b T APk
THBEAL B, JF R BRA0 A48 (A F i, B8 th i 25 AR

R BRFRER TR 20 °C, TR T IRAE,
M 2016 4E 12 A 28 HE 2017 4E 3 A 21 H , 4%
2 JR A BB 2 A S A FPER 30 BLA 1 CARIA
Ferp, 3kt 6 ASAb 3, 20 0 AR IR AL B IR 2.4
6.8.10.12 i, PAA 2K 15 Ak B84 Fp BR Sl XF BR
(CK), fRIRAFETER)G T 20174E3 H 22 H, &
REUR RS W s B AL B S R 4 A PR Bk R
TR (CK) R AHE H R =, A F— AR K 554
T BT L s W TR RAC A AT A ) s
W5 , FERE IR S0 MG B 5 R TR sRISCIR X ek gk
RS R BHTE I
1.3 mMENE

B R0 A ARk 010 O 11 % 5 T 5 1y SO
7B AIARE B 2530, 60 %0 LA _ERIRRMZEH £ B
HHEA, 60 %0 L AR I R B AT, 600 LU 1
TLEIAEES s SR A6 30 Y0 BIAERE T ; R AE I, 80 %%
VL b BAETE TR0 AR AEH » 80 Y60 I TEA: 25 5 A 253
80 Lo REMRAR B 5 46 10, MG 16 1 B oK 46 1 B 7% 1Y
KEL.

M AR ER, TR 10 em Ab
L, FPEREE R B0 =R G FER BN
FhAE I FhEk %< 100,

R FH SPSS 19. 0 BfFxHE#) R AR AT
RRERTT 2T

2 HBRESH

2.1 (KRB EFEEFERIFER RN

H R 2 WA, “H 5 27 AR IR AL 28 2
JEIAE R AN BB IE & T 7 Bl 2 {15 Ak L B i) £y S
K. & EFEMMEHNFLEDN 633N G E
100. 0% , AbHRAF 1R R 3 10 FEAEMR 23R HF 46 “ 8
R FEARIRAL B 2 AR 4 F AR AN BB IR E
FEIE B (R AL B[R] PR S, R 4 AR AR I T
AEFRM 73. 3% RS E 100. 0%,

x2 RIBEAEREXNBEERMIF LR

Table 2 Effect of cooling treatment time on flowering of tulip

s ﬁrﬁ&iiﬂiﬁa‘lﬁﬂ pr— WE%
Cooling treatment Flowering
Variety No. of flower
time,/ J& rate/ %
12 30 100. 0
10 30 100. 0
CHRIE” 8 28 93.3
‘World Favorite’ 6 24 80.0
4 19 63.3
2 0 0.0
0(CK) 0 0.0
12 30 100. 0
10 29 96. 7
“p 8 25 83.3
6 22 73.3
¢ Huangyu’ 4 0 0
2 0 0

0(CK) 0 0
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FIE R , AR B ZE TN 24 d b2 6 d BRI
AfEr 32 d /b= 12 d, 5 FEAGIR AL EE 2 R A
MR BEBIAS AL , Ho e A PR AR B B S50 il 33 d
W E 20 d, HEATERITE B 37 dRATE 25 d;

“U R EE R IR AL I R] A9 SR, R AR B 2R I
B30 d B ET d, BHFETH 39 dEAE 19 d,
Xof FRAMEIR AL R 2.4 B MR AR R B BIAE I 16
BT I E T 36 d B E 28 d A
N 40 dIRETE 32 d,
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Table 3 Effect of cooling treatment time on phenological period of tulip A-H
i AR Ak B 8] (gl JEt WEH LRAEHA BRI HAEHA WhEH
Vun' Cooling treatment Sprout Leaf expansion Visible bud First flowering  Full flowering  Last flowering ~ Wilting
ariety
time,/ J& date date date date date date date
12 03-28 04-03 04-11 04-16 04-20 04-28 05-25
10 03-29 04-05 04-14 04-19 04-23 05-01 05-25
8 04-02 04-09 04-18 04-24 04-27 05-03 05-26
“ﬁﬁﬁ%”
6 04-04 04-12 04-22 04-28 05-01 05-04 05-26
‘World Favorite”
4 04-09 04-18 04-24 04-28 05-01 05-04 05-26
2 04-12 04-22 — — — — 05-26
0(CKD> 04-15 04-23 — — — — 05-26
12 03-29 04-10 04-19 04-23 04-28 05-06 05-26
10 03-29 04-11 04-21 04-25 04-30 05-07 05-27
gy 8 03-30 04-14 04-25 04-29 05-01 05-07 05-27
i 6 04-01 04-19 04-28 05-01 05-03 05-08 05-27
‘Huangyu’
4 04-19 04-28 — — — — 05-27
2 04-19 04-28 — — — — 05-27
0(CKD 04-21 04-30 — — — — 05-28

2.3 FEMRELAEHBMNHBEEEDFHERD
A

M 4 AT AR B2 RIR A FE 12 F Rtk
e N 58.0 eom, 5RIRAAHE 10 HEFAR
=, 5REAE S RERBE, 5KEGHE 2.4.6
JA Ko ik BB 22 A B 2 5 AR A B8 10 FA RN 8 JRI Mk
ZRABE, HEAH R 2 7R PR B E KT %
PEAB RIS, M 18. 0 cm, “B E"KIRALHE 12 J&
Btk B o 57. 8 em, S{RIRALE 10 FER
ARE, SHREAAEE R EE; LRARE 10 A
5KIRANEE 2.4.6.8 J&] Kok HR B 22 S 4R 10 3 5 K
BANEE 8 R SKEAH 6 AEREFE, SKIEL
T 2.4 JR B R R) 22 Tk 2 s (RIE AL BE 6 5
fRIRALTE 2.4 J& B Xt B ) 22 5l e 25 5 (IR IR AL 2
4 FISGERAN R 2 J7) Kot B i) 22 B AR B 3 R
AhEE 2 FI ST ER AR E . XTI RE, N
13.8 em(& 1),

“WHHR B AR T RIRA S 12
HIAE AR ZE Bk, 4 0. 83 em, 5{RIRALFE 6.8.10

RAERARE, 5RELE 4 AERARREE
I RIRAL R 10 F 5RIRALEE 6.8 258
BE, 5IREAAE 4 F2R% 58 E; (REAAH 6.8
FnERAEE,2 M SEAH 4 HE2R
B R 4 JHIEZEZEM B, R 0. 78 cm,
“UE R VAEARZEZEM O I, R AL B 12 AR 2R
*ﬂaﬂff 0.61 cm, E{E&Yﬁlﬂ\ﬁ 10 E%ﬁxﬁ%’ﬁ
Hu a2k 8% 408 10 JF50EAH 8
£ EE, SKEAATE 6 F2£ 7% 5% KB~
8 R SMRIRAEE 6 AERARE;KIRLE 6 J§
XM F 4, R 0. 51 cm,

“HE SRR A I R T RIRAN EE 12 [
eI FE M 6. 53 em, HIKIRALRE 10 HERA
B, 5IGEATE 8 MERBE. SIURAH 4.6
2 SR B35 AIRAN B 10 JH S RIRALEE 8 R 2
RAEE, SIKEATE 4.6 B 225 5% KR~
8 A SRIRALEE 4.6 F2E R4 W IR H 4.6
JaZzR BE RIR AL 4 RTER &S, R 5. 93 cm,
RV TE . RIR AL 12 R R
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Table 4 Effect of cooling treatment time on biological traits of tulip cm
(IR AL BB ] “UREE” ‘World Favorite’ “#E” ‘Huangyu’

Cooling

treatment 73 el iz N e 731 el EIRTLE AR

time/J& Height of tulip  Stem diameter Petal width Corolla height  Height of tulip ~ Stem diameter Petal width Corolla height
12 58.011.04aA 0.83%0.0laA 6.53%0.12aA 6. 97F0.06aA 57.87%0.95aA 0.61%0.01laA 7.07%0.06aA 7.2710.06aA
10 57.34£0.80abA 0.8240.01aA  6.3710.06abA 6.93F£0.06abA  56.8F£0.91aA 0.60£0.01aAB 6.97£0.06aAB 7. 232£0. 06aA
8 56.42£0.72bA  0.80%0.01aAB 6.3340.06bA 6.7720.06bcAB 46.0F£0. 80bB  0.572£0.01bBC 6. 77£0.06bB 7.1720. 06aA
6 46.84+0.61cB  0.80%0.01aAB 6.0740.06cB  6.6320.06cdBC 44.2£0.61cB  0.51£0.01bC  6.472£0.06cC 6. 972£0. 06bB
4 35.040.59dC  0.78=+0.02bB  5.93%0.06dB  6.47=+0.06dC 28,4740, 71dC — — —
2 22.1£0.67eD — — — 15. 040. 75eD — — —
0 18. 010. 62{E — — — 13. 840. 74eD — — —

TESRA LSD BT R R B EWN, ARABFEAR 1K TFEREE, FRNEFRAR UK TFEREE.

Note:LSD is used as analysis method of significance. The capital letters indicate significant difference at 1% level and the lowercase letters indicate signif-

icant difference at 5% level.

]

A RIRALEE 2 5 B, REARHE 4 B C. RIRANHE 6 &5 D, {RiRAL3E 8 A E. {RiE4L3E 10 B F. RIRANIE 12 &,

Note: A. Cooling treatment for 2 weeks;B. Cooling treatment for 4 weeks; C. Cooling treatment for 6 weeks; D, Cooling treatment

for 8 weeks;E. Cooling treatment for 10 weeks;F. Cooling treatment for 12 weeks,
1 FEMRELEREMEE"EkkS M
Fig. 1 Effect of cooling treatment on height of ‘Huangyu’
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4.6 FIZRFRBEKBLGHE 4 RHELERN, K
6.47 cm, “B R AL O, (REANE 12
AR R 7. 27 cm, ARIRAL B 6 JA 42 56 £
/N 6,97 em; RIRALEE 8.10.12 FEF AR
X 3 ESKIBANE 6 AERIRBE,

R, A BB IR A ] 10
JE B BETE AR IE 3 L R R 2% &, FF
FEFRIKLF] 100. 0% ; “8 7 KIR AL H E] 12 fA&,
REW MR E A KPR 2 WA &, FFIER
iKEN 100. 0%, [FIET, (K IE AL Bt BE A% 32 W AR 4
BRI R TR
2.4 (KELEXNBEEMRETHRM

M2 5 %, R IRAL BRI E X 2 AN Fh B
1R BEVE R, B B IR AL BRI ] B S L “H R 27
FhERETH RS 2. 1IN E 4.2, “BE RV ERE
FEEEM 2.4 BT 4.4, 95 FX 88 “tHAE
ERERERKT 11 om WS EH 19 N ZE 31,
“ERVMEREZERT 11 cm BEEHR 18 HME
29, IR XTI, R BIKIE A B BB B4 BB Bk
WL AR T  SE R Pk A R 5

F5 EBRLENHSEMRETHHM

Table 5 Effect of cooling treatment on bulbs propagation

. fQEbERTE  EEEE AR>Sl o fE
Cooling treatment Coefficient of No. of the diameter™
Variety
time/ J& propagation 11 em
12 4.2 31
10 4.1 27
D 8 3.5 26
‘World Favorite” 6 &9 22
4 2.5 21
2 2.1 19
0(CK) 1.8 17
12 4.4 29
10 4.3 27
“ 8 3.9 24
. 6 3.7 23
Huangyu’ 4 3.5 20
2 2.4 18
0(CK) 2.0 15

3 #r5iTfie

BF5E 3 & BRARIR Ak B R 4 B AT AR 2L B Rl
BRIF A EEE M, HERTSEMA™ ) 1
FEVGRTEABE F WM IR R T FER A KR
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TR R M, R R Bt B E R . R d
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fRIR AL FE ST Foh BR B F B S K5 AP ERAE K W 5
), 5 5 2 B IR AL B AT LA S S AR AT BRI A K
B ERE R . RO P, B (R A B R
RISER: , 2 A SRR RO FHER S 78 R B 15 B3R 5,
TRIBAELRE(E AR & FFPER E T RSB K
R »3X 0] RS B b Bl IR AL A TR A RE K, 75
BB, 165 B IR B R B A i ) o 2 3
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B TS B A BB, R 3E T KAk
AR R G R T AER A R R

S K
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Effect of Cooling Treatment Duration on Biological Traits and
Propagation of Tulip

ZHANG Yanqiu® , XING Guimei' , CUI Yuehan' , DAI Yong® , YANG Di®, QU Lianwei'
(1. Imstitute of Floriculture, Liaoning Academy of Agricultural Sciences, Shenyang, Liaoning 110161; 2. Fushun
Agriculture Technology Extension and Service Center, Fushun, Liaoning 113006; 3. College of Landscape Architecture,
Northeast Forestry University, Harbin, Heilongjiang 150040)

Abstract: Bulbs of cultivars ‘World Favorite’ and ‘Huangyu’ were used as materials and the effect of
cooling treatment duration on biological traits and propagation were studied using cooling treatment
method in order to verify the minimum cooling requirement of different tulip cautivars and provide
theoretical basis for the year-round production of potted and cut flower in tulip. The results showed
that ‘World Favorite’ could not flower when bulbs were treated by low temperature with 0 or 2
weeks. The flowering rates were 63.3%,80.0% and 93.3% for 4,6 and 8 weeks, respectively. The
flowering rate was 100. 0% for both 10 and 12 weeks, indicating 10-week cooling treatment was the
minimum cooling duration requirement for ‘World Favorite’. ‘Huangyu’ could not flower when bulbs
were treated by low temperature with 0,2 or 4 weeks. The flowering rates were 73. 3% and 83. 3% for
6 and 8 weeks, respectively. However, the flowering rates were not significantly different between 10
and 12 weeks with the rates of 96.7% and 100. 0%, respectively, which indicated 10-week cooling
treatment was the minimum cooling duration requirement for ¢ Huangyu’. Cooling treatment not only
could shorten the tulip growth cycle and improve the qualities of biological traits, but also could

promote the formation and development of new bulblets. With the extension of cooling treatment
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duration, the bulb propagation coefficient increased from 2. 1 to 4. 2 for *World Favorite’ and from 2. 4

to 4. 4 for ‘Huangyu’ ,respectively. But for the two tulip cultivars tested in this study, there was no

significant difference in flowering, biological traits and bulb propagation coefficient between 10 and 12

weeks.

Keywords: tulip; biological traits; propagation coefficient; cooling treatment



