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(Cig:5) 516 F1 5 CF HAM &R HIH 51.79% ~64. 63% M 59. 99% ~64. 31% . - H o A48 F1 BG iy R & i Bl VR )3
B B AT T = o E vl I JRR 7%/ I T8 - S0 1) B S 2 SRR TR / el TR+ I 7ok T8 —+ S0 R 1880 0 I Ik 18R / Y 78R+ SIF Y 82 +
WHRER) . “HREE RGBS AR LT 7E—9 CULTF, HIMAR K" LTy i —6.916 C, BHEHHr
SR BN 9 ANRA R P PUIE R TR A A SRR RS AT T USRS SR Rk
B PR SN RERR T RREE B MR MR, (458 K b 8y R AR/ CIF H R
MR ATV A 45 5 Bk SRR U SEME A R AR, SR EDORANEE 2 A R AR PSR MR R TR . R AR T R A
LTso 2 B9800 A HLES G o S 25 46 BT IE D i D 07 6 S e JE PR PP 38 4L T 3007

(X8R 4480 A AKIE R TR 41457 s PLIFE MR T4

[(hESES] S682.1'1 [X##rER] A [xZHS] 1671-9387(2014)11-0061-08

Fatty acids components and cold resistance of
9 autumn chrysanthemum cultivars

WANG Cui-li, LT Yong,CUI Yang,L.I Yong-hua

(College of Forestry,Henan Agricultural University ,Zhengzhou, Henan 450002 ,China)

Abstract: [Objective] Based on the contents of fatty acid components and half lethal temperatures
(LT50) of autumn chrysanthemum cultivars under low temperature,an appropriate cold resistance evalua-
tion system was established and the cold resistances of the 9 cultivars were analyzed. [Method)] 9 autumn

b

chrysanthemum cultivars, including early-flowering cultivars (° Tanxiangshizi >, ‘ Richudongfang ’,
‘Tongquechunshen’, ¢ Zaofenpan’, and ‘Jinfengling’) and late-flowering cultivars (‘Guandongxinxia’,
‘Yunlongfengwu’,  Xingguangcanlan’,and ‘Mobao’) were chosen. After the treatment of 16 ‘C and 5 °C,
the fatty acid components and their contents were determined by gas chromatography. The half lethal tem-
peratures were also inferred by relative electrical conductivity of low temperature treatments (0, —4,—8,
—12,—16,and —20 °C) in thermostatic bath. [Result) Palmitic acid had the highest content among satu-

rated fatty acids in autumn chrysanthemum leaf, and the relative percent contents were 11. 06 % —16. 20 %
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and 9.88% —11.28% at 16 °C and 5 °C ,respectively. Linolenic acid had the highest content among unsatu-
rated fatty acids,and the relative contents were 51. 79 % —64. 63% and 59.99% —64.31% at 16 and 5 C,
respectively. Contents of unsaturated fatty acids increased with the decrease of temperature,and the ratio of
linolenic acid to (oleic acid -+ linoleic acid) was significantly higher than the ratio linolenic acid to (oleic
acid+linoleic acid + linolenic acid) and the ratio of linoleic acid to (oleic acid + linoleic acid + linolenic
acid). The LT;, values of ‘Mobao”’, ‘Xingguangcanlan’ and ‘ Tongquechunshen’” were<—9 “C and that of
‘Richudongfang” was —6. 916 “C. Cluster analysis shows that ‘Mobao”’, ¢ Xingguangcanlan’ and ¢ Tanx-
iangshizi’ had strong cold resistance, ¢Jinfengling” and ‘Zaofenpan’ had moderate cold resistance, while
‘Tongquechunshen’, ¢ Yunlongfengwu’, ¢ Richudongfang’ and ‘Guandongxinxia’ had weak cold resist-
ance. [Conclusion] The ratio of linolenic acid to (linoleic acid+oleic acid) could be used as efficient evalua-
tion index for cold resistance of autumn chrysanthemum cultivars. ‘ Mobao’ and ‘Xingguangcanlan’ had

strong cold resistance. The content of unsaturated fatty acids and LT;, could be used for the selection of

cold resistant chrysanthemum cultivars and cold resistance evaluation.

Key words: Dendranthema X grandi florum;leaf; low temperature;fatty acid components; cold resist-

ance evaluation
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FERK 2 b Bl TUFA 32 0 B 52 i 48 K. Cis.s/
(Ciger +Cigen + Cls:s)%ﬁlﬁa: Cig:2/(Crgiq +
Cis »+Cs s)v‘%%ﬁufﬁ’ﬂi{ 3{}1‘ iq:' Cis: sﬁqﬂzﬁﬁ

Cis.s) Bl IR B 09 BE AR 2 1 m i3, B Cis. s/
(Cys.. 1+(/15 z>i‘ﬁummﬁﬁkvﬂikj s 32, 51/
(‘Q*ﬁﬁ’)aﬁﬁ st:s/(Cm:1+C18:2+C13=3)E%j(iﬁ§
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Table 1 Fatty acid components and their relative contents in leaves of 9 autumn
chrysanthemum cultivars under different temperatures %
Cfffvhar Tﬁfimcm 1450 Cis:o Cis=o Caz Cig 1 Cig:z Cig: s SFA USFA
N TS 16 1.4440.03 13.65+0.87 5.7140.16 0.6940.01 5.2840.31 19.74+1.71 53.4844.58 21.50+1.75 78.50+2.12
Jinfengling 5 1.2440.08 11.2840.59 3.4340,19 0,4840.03 5.7940.18 17.7941.31 59.9942,88 16.4341.01 83.5742,59
W& B Tong 16 1.3240.08 14.8640.27 3.5140.26 0.4640.06 4.22+0.71 21.66-0.43 53.974+1.77 20.15+0.98 79.85+2.56
quechunshen 5 0.93+0.07 10.52+0.83 2.20+0.39 0.33+0.11 4.8140.28 18.38+0.77 62.83+3.92 13.98+0.95 86.02+2,12
H %7 16 2.1240.16 12.18+1.01 4.06+0.42 0.77+0.07 3.3440.29 21.48+1.96 56.05+3.44 19.13+1.02 80.87+1.78
Richudongfang 5 1.5540.08 10.24%0.38 2,0140,12 0,5940,05 4.2240.22 20,6141.09 60,7840,36 14.3940,85 85,6142, 89
AT 16 1.6240.11 11.0640.24 1.5140.16 0.5640.03 4.9240.06 15.7141.36 64.6341.47 14.7540.79 85.2542.25
Tanxiangshizi 5 1.7140.08 10.03+0.81 1.7740.06 0.4740,02 4.8640.42 18.2140.77 62.954+1.85 13.9840.72 86.02+3.56
=R 16 1.90+0.02 16.20+1.57 3.9640.15 0,6240,04 3.6840.22 21.8441.60 51.7942.47 22,6941.56 77.3142.13
Zaofenpan 5 1.2440.05 11.2040.72 1,8840,10 0,5040,07 3.1520.25 19,9441.65 62,1044,01 14.8141,28 85.1943,03
mar 16 1.5440.06 14.1240.56 4.3840.27 0.6140.05 4.7540.15 17.6240.95 56.9942.06 20.6441.23 79.3641.56
Mobao 5 1.6740.04 11.184+0.59 2.7540.14 0.4540.04 4.7940.25 17.0140.72 62.1641.35 16.044+1.09 83.96+4.12
B 16 2.1540.16 13.10£0.91 5.38+0.34 0.45+0.04 2.26+0.09 19.64+1.94 57.02+2,22 21.08+1,05 78.92+3.45
Xingguangcanlan 5 1.9140.10 10.70%0.74 2,8740,21 0,3440,04 2,5140.21 18,3740.79 63,.3144,30 15.8241,56 84.1843,25
2 L de 16 1.5340.18 11,36%0.47 4,9440,17 0,4340,08 5.1740.43 19.5040,48 57,074+1,59 18.2640,89 81.74+2,78
Yunlongfengwu 5 1.4340.02  9.93+0.18 2.0640.05 0,4340,13 4.8540.17 19.8240.37 61.474+1,90 13.8541.23 86.15+4.05
S5 e 16 2.4540.18 12.60£0.21 5.02+0.35 0.57+0.05 2.9640.27 20.13+1.92 56.27+1.39 20.64+1.42 79.36+2,01
Guandongxinxia 5 1.1940.12  9.8840.55 1.6740,45 0,5040,04 4,3040.38 18.164:0,23 64,3142,28 13.234+1.13 86.7744,02
x2 AEARELETIANAMRERMMNF PRGNS EEEXERS T
Table 2 Analysis on index related to unsaturated fatty acids in leaves of 9 autumn
chrysanthemum cultivars under different temperatures
Cltvar Tomperare USFA/SEA - uRa Gt e e
TS 16 3.65+0.11 205.19+1. 12 2.1440.17 0.68+0.02 0.25+0.02
Jinfengling 5 5.09+0. 38 221.33+2.21 2.5440.05 0.7240.01 0.2140.01
W% 5T 16 3.96+0.16 209.4549.77 2.097+0.16 0.68=0.02 0.2740.01
Tongquechunshen 5 6.15+0. 22 230.05+8.51 2.7140.10 0.73+0.05 0.214+0.01
H %) 16 4.234+0.35 214.44+6. 37 2.2640. 36 0.69+0.03 0.27+0.02
Richudongfang 5 5.95+0. 39 227.29+2.28 2.457+0.02 0.712£0. 00 0.24+0.01
& T 16 5.7840.03 230.22411. 63 3.1340.29 0.76=0.02 0.1820.02
Tanxiangshizi 5 6.16+0.35 230.15+13. 64 2.734+0.21 0.73+0.02 0.21+0.01
EUR 16 3.4140. 26 202. 74412. 09 2.0340.16 0.67+0.02 0.28+0.02
Zaofenpan 5 5.7540.45 229.32410. 83 2.6940.27 0.73+0.02 0.234+0.02
W 16 3.85+0.30 210. 96414, 14 2.55+0.21 0.72+0.02 0.22+0.01
Mobao 5 5.234+0.15 225.28+12. 36 2.8540.19 0.74+0.01 0.20+0.01
Bl 16 3.7440.09 212.58412. 89 2. 6040, 32 0.7240.02 0.254+0.02
Xingguangcanlan 5 5.3240.32 229.16412.05 3.0340.08 0.7540.00 0.22+0.01
2 R g 16 4.484+0.11 215.38+1.06 2.3140.05 0.70+0.01 0.24+0.01
Yunlongfengwu 5 6.22+0. 20 228.91+1. 80 2.497+0. 09 0.7140. 01 0.23+0.01
S 4 ik 16 3.85%+0.19 212.03+5.17 2. 44740, 21 0.7140.02 0.25+0.02
Guandongxinxia 5 6.56=+0.08 233.55+7.91 2.86+0.13 0.7440.00 0.2140.00
2.2 9 MBRERBIM LT, AR Sl 7 A R R ) R LI 1. o

AAE B8 B O A AR A L AR X E S R D A A
Fr PRI CLL SRRk 3 R A 0 1 R K 3 * = e RUBE

B 1 AT 9 AN FKAG S Bl R B AH X L S R B R
BB 2 3 . MR B 2 — 4 C A A X
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Fig. 1

Relationship between treatment temperature and REC of autumn

chrysanthemum cultivars under low temperature stress

Y28 3 ], A B BE 55 AR L S 22 [l H Oy AR
(AR CFE L R? ¥R T 0. 9, BEHA [0 05 7 B4 & Pk 3¢
I s BRAG LD SR EORAIES T A B TR T LT
BAL YA —9 CUTF, M HEARF M LT K&,
H—6.916 C; B’ 5 HIL KRN . '&%"5H

CEOBAINES” Z 8] LT 28 5 AN 3% o (H 5 Al 5 A4
a2 8] LTs 22 57 ¥k W KF . A LT kR E .9
AR Bl 4 BIE RE T R B OO SR g L 2
JCRINEE” R ET BB CHEE TR
Bip C m e R C H AR

®3 REBETIANUETEMHANESEORAFTERFBILEE LT

Table 3 Logistic equations of the relative electric conductivity and LT;, of 9 autumn
chrysanthemum cultivars under low temperature stress
i A EYEp¥ L5 B
Cultivar Logistic equation R? LTso
5 Mobao Y=0.751/(1+23.06e°316%) 0. 957 —9.931f
EHEaE: Xingguangeanlan Y=0.760/(1+13. 855¢%%71x) 0. 980 —9.700 {
¥ % Zaofenpan Y=0.724/(14236.09e" 758) 0.998 —7.115 a
= B X EE Yunlongfengwu Y=0.709/(14+23. 767" 129%) 0.993 —7.385 b
H 4 % 77 Richudongfang Y=0.697/(1+174. 094" 7462) 0.998 —6.916 a
K& B Guandongxinxia Y=0.782/(1+28. 946¢° 106x) 0.976 —8.289 ¢
18 7P 7 Tanxiangshizi Y=0.710/(1+43.171e"103%) 0.993 —8.499 cd
il 48 F IR Tongquechunshen Y=0.662/(1+8 372. 08" 9697) 0.993 —9.381 e
445 Jinfengling Y=0.681/(1+248. 929" %327) 0.993 —8.730 d

TE B0 5 b5 A /NS TR R 22 5738 560 BE K.

Note: Different lowercase letters indicate significant difference at 5%.

2.3 9N ME MMM EEMNTH

2.3.1 Memmistrm At LT e9% % X914
5518 W7 T %% DA G 0 A 3RS bR R 4T A DG o B, 4
KW F 4, HE 4 9]0, Cs.y § TUFA, Cyg.5/
(Cis 1 +Cis.0) 5 Crg s /(Crgoy FChs., +Crs. ) 1R
B3 IE A G, T ] R e I R S ARk Crg s/
(Cisiq +Crsey +Cis.3) 5 Cisn /(Crgoy + Crgop +
Cio- ) BB EOME;Cy.o 5 Cu., BB EF MM
X, 5 IUFA 28 FIEAH X Cy. s /(Ciyo +Ci.0)
5 Ci.n/(Cigoy + Cisor + Cisos) 2 0 E A X,
LT, 5 USFA/SFA .Ciy../(Cis.y +Crs.s +Cis.s)
BIEME, M5 Cs.1.Ci.2.Cioys ITUFA Cyg.y/

(Ciso1F+Crs. )M Crgo s /(Crgoy +Chg., +Cree ) ¥
R

2.3.2 FEWE RIS T 4 E &
k2 b R HTIE M BEAT IR AN XA I T ) Cisao s
Cise2s Cis. 52 USFA/SFA, TUFA, Cis.5/(Ci.y +
Cis:2)s Cisos/(Cisoy 4+ Cisor + Cises )y Crsen/
(Ciso 1 +Crse +Cis. ) 55 8 AN HRAR AT EBLT 4317
MARFAEE R T 1 RN (R 5.3 6) L #2ILT 2 4
FHT S ER W E BTN B 1 ERSH
Cise5+Crsen/(Cisoy +Crg s +Crau3) Crae s /(Crgoy +
Cig:2).Crg.s/(Crgoy +Crg., +Cig.5) JTUFAHE 2 F
WA Cis. o JUSFA/SFA . Cyg. 1o 7 MM
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P 2 A R ERARar. 55 1 E 5 2 B I RBE RGNS 5 2 FINA R
HOREEMF L CRE AT WHERR . CEERVCRBE ORI,
x4 REMHETINUMERMERBERIRES LT MEXREH
Table 4 Correlation coefficients of fatty acid indexes and LT;, of 9 autumn

chrysanthemum cultivars under low temperature stress

Index G G Cioe USEA/SEA TUFA - (G Cont  Cypt  To
15:2) Cig.3) Cis.3)
Cisaa 1
Cis.2 0.372 1
Cig.s 0. 586 —0.709" 1
USFA/SFA —0.032 —0.611 —0.243 1
IUFA 0. 604 0.780" 0.994* * —0. 305 1
Cis.3/(Cig,1 +Cis,2) —0.048  —0.200 0.466 0. 355 0. 366 1
Cis.3/(Cig,1 +Cig,2 +Cig,3) —0.050 —0.233 0.443 0.351 0.341 0.998* * 1
Cis.2/(Cig,1 +Cig,2 +Cig,3) —0.527 0.164 —0.563 —0.421 —0. 480 —0.786* —0.792** 1
LTso —0.228 —0.054 —0.451 0. 289 —0.405 —0.527 —0.528 0.532 1

TE e x RoR il BB AGS 7 0. 05 KF BB FARS; « x Ronilad BRI .78 0. 01 KF ERFMK,

Note: * indicates significance at P<C0. 05 level (two-tailed) ; * * indicates significance at P<C0. 01 level(one-tailed).

R 59 AEE MM ET RN BT B S A E R HE B0 kR
Table 5 Eigenvalues and proportions of principal components of cold resistance

evaluation of 9 autumn chrysanthemum cultivars

Tk # /% Proportion
44. 657
37.491

Zit sk R/ % Cumulative
44, 657
82.148

X Factor
K7 1 Factor 1
A+ 2 Factor 2

B Eigenvalue
3.573
2.999

K6 INUFRHREEITNER > THIER

Table 6 Matrices of principal components of cold resistance evaluation of 9 autumn chrysanthemum cultivars

R i B1ERAn B ERAMA AR R Y Y S RS Y
Vector Factor 1 score Factor 2 score Vector Factor 1 score Factor 2 score
Cig: 0.051 0.371 IUFA 0.426 0. 330
Cig:2 0.148 0.516 Cig:3/(Cigi1+Cisi2) 0.438 —0. 286
Cig: 3 0.459 0.277 Cig:3/(Crg:1+Cig:2+Crs:3) 0.432 —0.297
USFA/SFA 0.056 —0.454 Cig:2/(Cig:11+Cig:2+Cig:3) —0.449 0.188
KT INTHERMPUERSES
Table 7 Primary factor scores of 9 autumn chrysanthemum cultivars
i it EREE AL EIVEN %t T i i %1 EWAF5 %52 EA RS
Cultivar Factor 1 score Factor 2 score Cultivar Factor 1 score Factor 2 score
454 Jinfengling 0.039 2.955 9 Mobao 2.364 0.936
i 48 H I Tongquechunshen —1.593 —0.361 B EalE: Xingguangeanlan 1.136 —0. 346
H i % 77 Richudongfang —2.154 —0.345 = R EE Yunlongfengwu —1.585 —1.168
18 75 Wi Tanxiangshizi 3.296 —1.670 F K Fifk Guandongxinxia —0.839 —2.224
F#y 4% Zaofenpan —0.663 2.223

2.3.3 RFKBMARE>H BITRESHE 2)
AL UL BB R U FEME IR 55 40 3 2B 1 RS
SR CCEDBMEE CEE T e R 2
FALPE B FEE N R BUSEME T AR5 3 2K
FEWERR IR CCHIBART KRB
B B IR

3 i

A [V RE 0 K PN 1) A A RS s R 2L 3 4% S 5 AR
38T G R A R ) R W A R R 2

TEIMSERF IR B AE A BF 5 T & B AR AT B
A8 Jo BB N I R 014 2 RS 5 5 AN A R DT TR ) % R
HeB Tk o AR AR AR IR AL B2 1R L 9 SRk A
I v AN G R T R 5 i 4 3 X S 2 i I
PR TR 5 5 384 0 5 | 36 5 [ IF o 40 R0 i A 1R 5 e I
el P R A AR R U R Y e A AL 3R P Rl
JBi 1075 T 2HL 7 W 3 38 A o AR R A 0 3 L P ) 9 K L I
U5 PR 25 A AN A AN VR RN R 5 1385 i AT S T
R IR R 58 A 48 20 B 1 3t 2 1
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Fig. 2 Clustering analysis of 9 autumn chrysanthemum cultivars under low temperature stress

TE B A TR0 17 R AR S Bt J€ 48 5 7 1, I R
AU E b e K 2ROk A R AT BIF 5T, B
Cise o Fl Crg. s R BLFEFE 7% 1 IR 107 12 5 1) 22 W 2600 5t
AN [) i S P 1) e B L 25 A R B I 9 e BH L L o
MRERE e iR A o &R AFAERKER, Cs.s/
(Cigor +Cus.o) 22 5 W3, AT AR Ay 568 500 5 Fofr ] Tif 9 P
25 5 A RCEE b s B AR S o IR IR R E A
g F 0 2 20 43 B F 5 805 Cus o M1 Cos s W ETE
P FEFE bR PENR R . A0 H 24 A7 g8 Xt 4 A~k
34 &b B 0 R 07 R B mEUEAT T 20 b W B A I Rk
Cig:5/(Cigor + Cigin)s BB Cron/(Crgor +
Ciseo T Crsus) 1] LUAE g K 55 45 16 BT € M 19 A 348
BRI AR L AR A BE R BK A T Crlo s
Ciseo Coses NG W MR 44> & AL K, Ci.s/
(Crgoy T Crao) AAL T2, T 1 SRy 45 51 Bk 44 5 ol Tinf €
PER A S b, BRI ERIE T A I50 H 41 LURT 9 BT 5% &5
B AP PTIEM F L RN AR T HOR
TRL i U TR 1) R 3 B B IR UL A 1 2ot AR v
Y= A 1 — 2R S AL FE AN 1 FIR U 2 6 1A 43 ik 6 9
EZ YA R (AR

Sk T4 T IR A b R FH 25 R 8 B X A ) 1Y) B E
HEATLEA VA S IR BRLAE bR 45 5 (R S AR BF 505 3t
R NTHE K 4G i Fh e DU FEME SR 55 0 3 255 1
KPrFEVE R R, S B BB R A
T8 2 RYFEE R AR SR R A
B3 RPTIEMER S AR A H IR s e B
CHARTT T ORRHE X — 45 3 5 LT, 4
WAL BA A AR . B LT, MEESH L. 1%

PR SR RS U PR B5R L E A7 AR R
AL E e RS N RIS ER BB LR I (2
W15 46 AL DU RE S A7 A — E B R 2 X T E 5
FARRPEA OC . VPBESEN A B T AR I PTFEE
AL AR DG PR 35 L X Pl IS D038 A 1 1k — P 10
sk ZERF AR LA S BT R R B LT il LA 3
R A IR A 9 48 S 73 1 L VIR SE T LT Af
LAAE D e 5 5 1) B0 D SR A A - i A R B B
PSS H M (H . 785 2% B MR ma 15 AL ) b R
f 2 A A AR A D A 6 A 5 TR
HEAH Cro o MR PR 5T UK. BUEY
TORFAE Y U8 TR ORI A HLES & A 1) TR
N B AR L 2% 0 T 0 A R A O B LR L (E A A
FIRR W 1 3 I g A2 v A A G 5 DY A 98 3 BIL B 3 A
Frat— 25T
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