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2.1 REXNAREFIRIRBEE K BRRNT
ME T ATRIE L2 A AR AR B 2578 4 M40
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P Ak B AL BR A ) FE K 4 R B fE A L A RS
HALHEEFEZR . ‘Golden Apeldoorn” #3255 7K &
AEFERT Y 66. 601 %6 FF 45 T [, 51 13 FEFPHERT 0°C 4b 3 A
K & B KR 60.053%, H Rk & 5°C FF iR 4 5l R
60. 781%F 61. 313% , —12°C 7K 4315 4 LG L A
A4k FERE AN G AR L B — 12°C AL B, K 43 & B AR LA
B - Fa A Ik, B 0~4 B Sk B F b, 78 4~
8 JAAIRHEF, 8~12(13) & & /K B X — Wl 2 F e, H:
L OCAbE B B . ‘Red Impression” 8§25 & 7K &
A AL BRRT Y 66. 395 %0 FF 4R T [, 21 13 AR 5°C 4b 3
K BRALH 60. 451% KK I H IR .0CHI—12°C, &
A RGS R, K& B H 5.0°C FIH IR AL 3
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Fig. 1 Effect of temperature on moisture content of the tulip bulbs

MR 1CE - B4 o 3 L 1E S 3% i #4777 22 04
AT LA, [ — i 6] A (7] 9 8 Ak 282 6] 5 7K B A7 7R 22 57
b3 4 JAT ¢ Golden Apeldoorn” & 7K B ¥4 {E i = 2 IR 4K
WHER>—12C>5CT>0C, K F RS 5CTHI 0°CHE
e & P22 5 (P<0. 05) ;8 A I BAR AL F & /K B3 H
BT R BB R B2 5512 AR 0°C Rk
P, EKE B /NFRRE R — 12°C (P<<0.05); 8 13

B ERE,0CEKEER BE/NF —12CHFE
A (P<<0.01), ‘Red Impression’ 5 ¢ Golden Apel-
doorn” ZBAL AT AH A, Hif 8 JRI & AL BR B WA R 2 57
P, 20 12 ], KK E¥ME B R B/IMRIK O 5°C> %R >
—12°C>0C, K 5C B K F—12°CH 0°C; Fia R,
—12°CHRKERD, GKE BE KT H IR P<0. 05, 8
ERFEKERMM 5°CLAFE(P<0.0D),

3 sk 2 = .
x1 BENBEESHESKETHHRI
Table 1 Effect of temperature change on moisture content of the tulip bulbs %
R hb¥g 0 J& 4 8 J 12 4 13 4
Variety Treatment 0 Week 4 Weeks 8 Weeks 12 Weeks 13 Weeks
—12C 66. 6014-0. 422 Aa 64.501+0. 224 Aab 63. 462+0. 406 Aa 63.59140. 534Aa 63. 418+0. 480Aa
5°C 66. 6014-0. 422 Aa 63. 852+0. 197Ab 63. 832+0. 324Aa 62.187+0. 136 Aab 60. 781+1. 091ABab
¢Golden Apeldoorn”
iR 66. 60140. 422Aa 65. 304+0. 641 Aa 64. 720+0. 153Aa 61. 808+ 1. 265Aab 61. 313+0. 708 Aa
0°C 66. 6014-0. 422 Aa 63. 73740. 210Ab 63. 761+1. 058 Aa 60. 620+0. 847Ab 60. 053+0. 263Bb
—12C 66. 395+0. 67Aa 65. 784+0. 450Aa 64. 378+0. 604Aa 63.493+0. 777 Aa 63. 273+0. 232Aa
5°C 66. 395+0. 67Aa 65. 323+0. 744Aa 65. 215+ 1. 048Aa 61. 552+0. 473Ab 60. 451+0. 882Bb
‘Red Impression”
iR 66. 395+0. 67Aa 64. 246+0. 495Aa 64. 240+0. 552Aa 62. 188+0. 23Aab 61. 331+0. 427ABb
0C 66. 395+0. 67Aa 64. 641+0. 332Aa 64. 247+0. 298 Aa 63. 630+0. 364Aa 62. 609+0. 416 ABab

T R PR PR AR R . RIBIEE 2 AR R RNE F R R, 225 B3 (P<0. 05) s RRIRE FRE R, 27k B35 (P<0. 0D ; R,
Note;Data are expressed as “x & SE”, Within the row,values with different lowercase letters were significant difference (P<C0. 05) ;with different uppercase letters were extremely

significant difference (P<C0. 01) ;the same below.
2.2 BEZEpOKfLEYEREA
2.2.1 BEZEVIEHELAMES B KA 2 B AT

SRS B R AR IR AT LLE Y AT R A R
AbFHFE R A B P E T, ‘Golden Apeldoorn”0~8 J&
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AbFEFI Red Impression’0~8 JE AN PR v B & B K
HOLLE R 18, 76 8 JH L5 3+ 1 B 4k, {2 ¢ Golden
Apeldoorn” —12°C A MM S BAMAHE ., HFE2H
VA S B ASL AT,  Golden Apeldoorn’ AbHE 4 J& AT ¥
PR A B —12°C >4 1 >5C (0°C) (P<<0. 01) ;8~12 J&
—12°Cab PR HE 3 AN Ab P A BAK (P<<0. 01) 513 J& Fif
MR 0°C (5°C) > # i > — 12°C (P<<0.01), ‘Red
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40 —— i
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Impression’ AbFH 4 BRI & & SCEHEH T 3 MbH
R (P<<0.05), 3 HAR .2 & T8 IR —12°C A (P<
0.01);8 AR OCH B &/ FHE 3 b3 (P<0.01),
FRRENN —12°CAIE EET 0.5 CHE R (P<
0.05);12~13 J{ — 12°C ¥k B F MM FHE LB (P
0.01),%] 13 A FBHE A SCAHE E S T HIEAM
—12°CAbF (P<0. 05),
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Fig. 2 Effect of temperature on soluble sugar content of the tulip bulbs
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Effect of temperature change of carbohydrate content of the tulip bulbs
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Table 2
ECL R hb¥g 0 J
Index Variety Treatment 0 Week
—12C 23.248+0. 176 Aa
5°C 23.248+0. 176 Aa
¢Golden Apeldoorn”
YA R iR 23.248+0. 176 Aa
AT
0°C 23.248+0. 176 Aa
Soluble sugar content
—12C 21.290+0. 109Aa
/mg + g~ 1FW
5°C 21.290+0. 109Aa
“Red Impression’
iR 21. 290+0. 109Aa
0C 21. 290+0. 109Aa
—12C 13.52040. 167Aa
5°C 13.52040. 167Aa
¢Golden Apeldoorn’
el o i iR 13.52040. 167Aa
0°C 13.52040. 167Aa
Starch content
—12°C 14. 28040. 147Aa
/mg + g~ 1FW
5°C 14. 28040. 147 Aa
“Red Impression’
iR 14. 28040. 147Aa
0C 14. 28040. 147Aa

25.051£0. 264Aa
24, 816+0. 238Cc
24. 906=+0. 240Bb
24.768+0. 434Cc
25.067-+0. 186Bb
29. 681+0. 589Aa
26. 300=0. 083Bb
27.072+£0. 237ABb
12. 46040. 267Aa
10. 8544-0. 500Bb
12. 539+0. 276 Aa
12.43240. 176 Aa
12. 993+0. 233Aa
9.579+0. 401Bb
10. 248+0. 236Bb
9. 97610. 165Bb

22.357+0. 223Bb
25.237+0.136Aa
27.375+0. 257Aa
25.546+0. 410Aa
31. 975+0. 350CDc
34. 978=0. 271BCb
37.008=+0. 359Bb
42.908=+0. 468Aa
11. 534+0. 935Aa
9.812+0. 371Bb
9. 56410. 948Bb
10. 29940. 549 ABab
12. 085+0. 195Aa
8.27310. 413Bb
6.641£0. 197Cc
9. 71240. 486Bb

23.2550. 299Bb
35.028=0. 409Aa
33.776£0. 381Aa
34.843+0. 438Aa
41. 873+0. 137Bb
51. 671+0. 292Aa
52.203+1. 243Aa
48. 304+0. 400Aa
11. 48140. 700Aa
4.728=0. 246Bc
4. 4314%0. 134Bc
6.43140. 382Bb
9. 25540. 257Aa
6. 726 10. 404BCc
5.53240. 399Cd
7. 351%0. 200Bb

23.096-£0. 355Dd
35.581+0. 465Aa
32. 278+0. 465Cc
36. 722+0. 296 Aa
41. 881=£0. 062Bc
51. 053=+0. 510Aa
48.766+0. 130Ab
49. 308=+0. 291Aab
11. 288+0. 876 Aa
5.04140. 257Bb
5.235+0. 319Bb
6.39140. 307Bb
9. 22640. 235Aa
6.36310. 164Bb
5. 898+0. 253Bb
6. 60040. 336Bb

2.2.2 Bk aEt WE3HLUIEH,2 M

figh 25 % Fr P VE A R Y B Y4 RN (] B RE S 2 B0 H B
ST R 3, Horh —12°C b FHE By & 2 F AR o B i
18, K 3 AMb A 22 57 (R H A —3L, ‘Golden
Apeldoorn’ JE¥ & 8 H B AT A 13. 520 mg/g FW &
13 PR SRR S 5 mg/g FW 247, 8 IR A1 5°CAb 38
FE 8~12 JRIPRAIG S B P, T 0°C AL BRI #E 4 ~8 J& A
L BE R, “Red Impression” J& ¥y & & i I8 HT #Y
14. 280 mg/g FW &K% 6. 000 mg/g FW Z£ 4 , HAR K
BHRB S, R 2 EM ST EZ AT 5, Golden
Apeldoorn’ % Ab B, 78 4 JRI B 5°C AR B 2 /N F 8 R
—12°CH1 0°C; 8 JH Bf 5°C H1 ¥ 1R ¥E H B 1K & & K,

—12CHBBRER/N(P<0.01);12~13 JA% b HTE
W BAkSE G, P —12CHRREE MEERTH
EAE(P<0.0D),5CREIRRZ, & BRI, WHER/D,
‘Red Impression’ &4bBEM 4 FEIFEE, —12°C A FER B
e P H T AT (P<<0.01),8 JA ¥ E AT BB
(P<C0.01),13 AR —12°C b PR B2 & F H e A8,

2.2.3 TAIEMRSESER S ENHEXES T

‘Golden Apeldoorn’ #1‘Red Impression’ 2 /™ F ZE A [F]
TR T RIS R VE R B B 2 IB) AR DR T L3R
3, ‘Golden Apeldoorn’7E 4 MR EFACHF 5 CERIMH T
B2 W SR SR (P<0. 05) , B YA 0°C Ab 38 A i 22 5 AH
F(P<<0.01); ‘Red Impression’ 1, —12°C I Mt i &
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AR (P<0. 01),5,0°CHIH MRF I N 3 fAH 2 (P<
0.05), BPE& “Golden Apeldoorn” —12°C 4bH 40,2 I~ &
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TRy e
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Fig. 3 Effect of temperature on starch content of the tulip bulbs

*x3 RAMESESENSEMRXE
Table 3 The correlation between the soluble sugar content and starch content
‘Golden Apeldoorn’ ‘Red Impression’
Triiim EIRCE: 2 g TR i AT i TR i
Soluble sugar content Starch content Soluble sugar content Starch content
Ry A& & Soluble sugar content 1 +0. 351 1 —0.993* *
YE#Y & & Starch content 1 1
oC A MBS A Soluble sugar content 1 —0.965* * 1 —0. 902 *
YE#Y & & Starch content 1 1
s A& & Soluble sugar content 1 —0. 941 * 1 —0.915*
YE#Y & & Starch content 1 1
iR A MM ft Soluble sugar content 1 —0.984 % * 1 —0.920%
Room temperature VEM & & Starch content 1 1
R TTRIRIEMR, " FR AR, RN B TR
Note:In this chart,“+” mean positive correlation,“—” mean negative correlation,“* ” mean significant,“* * ” mean extremely significant.

2.3 FEREFRN

2.3.1 WP OERETRE MWERLALUES,
—12CRHEA A LFE—ERBIEFZT UM 4
FiE2 SN LEIREENTFREELE P
0.01), “Golden Apeldoorn’4~8 J& 5°C AbHH B & KT
OCHIEIR(P<0.01),12 & 3 MEBEAFAERENES
(P<<0.05), 13 J& F #E A, HHEOC>5C>H > —
12°C, K OCHR B ERFHE . —12°CLA I (P<0.0D),

B5 5CREEZRAHE; ‘Red Impression’4 J& b #
BR—12CHGEAFAE D EEES .S FAE SCHREBEKR
F 0°C(P<C0. 01), i & K F ¥ ¥ (P<0. 05),12 AR 3 4~
RO R 5 2 e 22 5, 13 R RP AR A BR 5 L (B IR
H 5 C>0C>HI|>—12°C, K 5.0°C R FETE B E M
Z5,EMNHSFEM—12CAEEERBEZER P
0.0D),FAfHEAEE —12CABBEER D ELE
(P<<0.01),

x4 By NEHEKSI (POFRE/HETE)
Table 4 The ratio of center bud height to bulb height
R i 0 J& 4 8 Jil 12 & 13
Variety Treatment 0 Week 4 Weeks 8 Weeks 12 Weeks 13 Weeks
—12°C 0. 0324-0. 003Cc 0. 03140. 002Cc 0. 0324-0. 002Bb 0. 0314-0. 003Cc
0°C 0. 358+0. 038Bb 0. 505+0. 014Bb 1.041+0. 115Aa 1. 11740. 044Aa

“Golden Apeldoorn’

0. 031+0. 0022

5C 0. 444740. 035Aa 0. 61140. 028Aa 0. 98040. 048 Aa 1. 059+0. 089 ABa
iR 0. 3814-0. 031Bb 0. 52740. 024Bb 0. 95440. 051Aa 0. 980=+0. 030Bb
—12°C 0. 0264-0. 001Bb 0. 02540. 002Cc 0. 0264-0. 001Bb 0. 0254-0. 001Cc
0°C 0. 254740. 016 Aa 0. 47740. 012Bb 0. 86040. 034 Aa 0. 92840. 041Aa
‘Red Impression” . 0. 026+0. 0020
5C 0. 25240. 010Aa 0.50540. 019Aa 0. 87540. 046 Aa 1. 050+0. 097 Aa
iR

0. 2390. 009Aa

0.496+£0. 013ABb

0. 866=0. 078Aa

0. 889=£0. 065 Bb
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2.3.2 SEZEMZERAL ZACBRFIERT 2013 42 8 H 26
HMETFRHBERE S, 7R E % S, iC R AR A
] 2F B ) B 2R, R 5 R ERM,0C A
‘Golden Apeldoorn’ A= 4R . i Z s} i) B b 38 B AL 38
HZERBHE R THEAH, RH T 92%, —12°CHFhEk
FIAE AT A RIS NG, Pl S AR R4 )G
b FERE A, AT e B T IRIR VR, B 25 5T
T-. ‘Red Impression’ £ 4b ¥ 51, 5°C A AR |t 2B )
HEERBHE R FHEAE, R 2%, —12CHERS
‘Golden Apeldoorn’ —12°C AbFEAB/LL , AR BEA 4R H 3.
2 AR TR B AR A AR L B 2 A D, T RE R B2 AR
TR 6% ZE PR IR A A B

x5 e e

Table 5 The condition of bulb budding

Hh i He AR [ 2R H] MR
Variety Treatment  Rooting time/d  Budding time/d  Budding rate/ %
—12C — — —

“Golden 0°C 8 14 92

Apeldoorn” 5C 11 20 40
R - 29

—12C — — —

‘Red 0°C 18 26 48

Impression” 5C 8 12 72

iR — 25 4

3 it 5%t

A AR BE AL B R P KA S B TR, TR
O -, X 5 AT B AT VBN ST
SR —3, H B FE D AT RE 2 A A R AL B ) 5 N
TR 150 25 1 A BV BN K, DRI T 2R 7K BE P, o B el
% XA T ORBR B B AR BT S8R 55, A /K & T P18, 8
JALUG 0.5 CASIR AL PR AR IR A 2R 8 4T 18, A HE B PR IS
B B 7K BT R, 45 TR BE A PR ) SR 22

WKALA AE AL, AT R 198 25 PR BIR N 25 Ak &
BABRPREENRIRMLS Y BT, B IR A A
TERENI, 2 SRR TE 8~12 FHE K #
BOo~8 FEP, A BB g, X S5EMY B E
U1 8 ARG B IEAR —B W RER PO FER BN
B[R] B ] BB S TR A0 B R S8 A, 4 JH 1 IR
W72 AR BRI 0, JEM REBE T EEMREE Y
BB AR P VER S B TR, AR T AR
WTEIHAERE &, [FIAT 45 A v b & &30 I, 7T AR 21K
BEACE BT IR LB R . T e S TR
M4, B4 ¢ Golden Apeldoorn’ —12°C &b 34, H

TALFRI g A 3C , AT P WE B 0 T E A A R REAIG, BP
SR T BEEERBE LR, RAR SRS
TEMTE M AT MR AL

TEBEREN X RIR AL B AT A8 & F A 2E b i T )
FRSE (B IEZE b o AR A B 3o 78 0 2 A K o B T
SR X FR R, B — 12°C AL AL, e A B 2 A
BERB AR (B A A K EARRAF, A28 5 # 2
FIL G B A AE B B 22 52, U BH R BE AL B XA £ 7
FEXER,

R R LW, HIR.5.0CH—12°C 4 b3,
—12°C R AL B 7 AR & B 25 2 TR E L 2F
EARREIER ZH,0.5°CHIH RA A G ShH B , H6E
AR B MK, P OCH S CAMERFERET
B M A 58, B TR AL B R AR B 2K 58 4 R BR IR R
‘Golden Apeldoorn’7E 0°CH HH 2E 3R B i , Bl U ek VR B
S 0°C 5 ‘Red Impression’ WIFE 5°CRILH FiF- H &, &
BRI R 5°C; Bk 0°CH 5°Car 32 2 AN A i1E
AR SR B F B A X A PR B

SE Uk
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Effect of Temperature on Carbohydrate Metabolism and
Bud Development of Dormant Bulbs in Tulip
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Abstract: Taking 8~10 cm bulbs of two different tulip varieties (‘Golden Apeldoorn’ and ‘Red Impression’) as test
materials, the effect of room temperature(10~18°C),5°C,0°C,—12°C for 0,4,8,12,13 weeks temperature treatments on
the changes of moisture, soluble sugar and starch content were studied, meanwhile the bud development in each
temperature under microscope was observed to disscus the effect of temperature on carbohydrate metabolism and bud
development. The results showed that,with the increase of treatment time in each temperature,the moisture content and
starch content in bulb decreased and soluble sugar increased,and there was a significant negative correlation between the
changes of starch and soluble sugar in each temperature(except the treatment of —12°C in ‘Golden Apeldoorn”) ;the
center bulb of both varieties grew most rapidly in 8~12 weeks by the ratio of center bud height to bulb height in each
temperature treatment, especially in the degree of 0°C and 5°C. The budding rate of ‘Golden Apeldoorn’ was as high as
92% under 13 weeks of treatment in 0°C ;and ‘Red Impression’ was as high as 72% under 13 weeks of treatment in
5°C , both were significantly higher than other treatments,0°C ,5°C were the best treatment temperature in forcing culture
of cut for this two varieties separately.

Keywords : tulip ; dormant bulb;temperature treatment;carbohydrate metabolism;bud development
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