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Heat tolerance for summer blooming of Chrysanthemum

JIA Si-zhen, FANG Wei-min, CHEN Fa-di, CHEN Su-mei, YANG Xue-meng
(College of Horticulture, Nanjing Agricultural University, Nanjing 210095, Jiangsu, China)

Abstract: Summer chrysanthemum varieties in seasonal high temperatures differ in their blossoming char-
acteristics. To evaluate heat-tolerance and to choose heat resistance indicators for Chrysanthemum that bloom
in summer, physiological indicators, anatomic structure, and blooming traits were among 13 indicators,
studied in five cultivars— ‘Huoju’, ‘Zihe’, ‘Fenhe’, ‘Jinguang’, and ‘Jinxing’ . Principal component
and subordinate function analyses were used. Results showed that both superoxide dismutase (SOD) activity
and malondialdehyde (MDA) content in leaves as well as the integral of the diurnal net photosynthetic rate
(P,) could be used as heat-tolerance evaluation indexes. A comprehensive evaluation model D = — 1.818 +
0.013x, + 0.008xs + 0.002xz — 0.000 048x,;, where x, is the blooming period, x4 is the SOD activity in
leaves, x5 is the MDA content in leaves, and x5 is the integral of diurnal P,, was developed. A significant
correlation (P < 0.001, R = 0.973) between predictive value (V) and D was also found. The decreasing
order for heat tolerance of D with the five cultivars was ‘Huoju’ > ‘Zihe’ > ‘Fenhe’ > °Jinguang’
> ‘Jinxing” . [Ch, 4 tab. 14 ref.]
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1.3 MEIEFRFE
1.3.1 FedpbRey A &%t R FREALEEIR 5 AMECH Bk REEARSEIT 10 NMET, WAL (IEF i
HMRAL T ) BoRAE (AT I AMRALZE TS ) T R SR P A . B — S A BEALIE L 5 /Mt s bk &
PRIEHL 200 4675, B R AL T P HCIR O, WP ICEE . FERB A GEH R £ 2 EENIE
Fe ) R AE (AN BE ¥ J00R FF 0 5 BIAE T ) 8L, DAFFICR 10% 8 PR IG A6, 2595 R 70% 0 bk R AE
W, HECARHAIE I R RIS R R AR R
1.3.2 vt A M3 eA  EHEKE LR oA ERDREr, WIBGE kAR R O
FVK SR IR A [ 2 W (FAA) B8, A WYL 5B, UL Bk 1 RS 20 SURNIRE 40 AL 8L TR, T ik
S % CHk[5 ],
133 ARIRARe N EER MR L IER REr s 2R AME R, e TE . 8k
WAL (SOD) W | i Ak EUB (CAT) 3 M AT % (MDA) St 5 nl M| A & i, DR IER
MDA, AlEMEE A& &, W kS IRk [6], R LI-6400 £ #5 2064 I i (G 2 ¥t & 41 1 H
MBE, FESEICK[T],
1.4 HIFELESSZiT 5
141 FRFARGFHREZL () a(%) = £ 5 FE EAIHE x 100%.
142 St abr RS AHT, B8 RIE T SPSS 13.0 # iR 1T .
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SRR FEANR] T AN [ 8 B — i A B T A 28 Ok TV 5248 1 T A R L 2 SRR TR] 130 1A 2 4 ey i 2
Pie— MR ERE R, AR IR AR PPN AR A7 A A i v . AR & R BOGE FEw] LA (3R 2),
I F5 AR Z (R A7 AR 3 R B/ R e, T E TR B (5 B R & . RN, & SIS bn e
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Table 1 avalue of each single index of heat tolerance coefficient

B IR o (6%
EA
X1 Xo X3 Xy X5 X6 X7 Xg X9 X10 X1 X12 X13

B 1143 119.7 22.8 148.3 108.0 91.1 124.9 71.0 99.6 163.5 109.5 125.4 110.5
CEE i 94.1 1104 0 76.2 117.3 104.4 97.8 101.2 94.1 172.1 99.4 123.0 101.9
CKIET 1195 107.9 54.0 89.1 104.6 102.8 98.3 160.6 119.0 32.4 103.5 104.9 107.6
R 86.3 799 1225 84.7 77.1 100.4 60.0 61.9 107.2 36.5 76.7 76.9 90.4

aot 85.2 81.9 3004 101.6 92.7 101.0 118.2 105.0 79.8 95.3 101.0 69.6 89.3

VAW s o SR TE AN s o WOREDRAEN ;s M BTAER s oo WMPRS S0 SR ¢ s SO MEL/GER 5 o T SOD i #k s o g0t CAT
WP s g KU MDA S8 YRR SR (19 s o AEHE MDA ks oy KB AT R SR T B AT
Bty s HEOEA R H B (T,
®2 BHRIUEIRHIBEXRHER

Table 2 Correlation matrix of each single index

X X X3 EA Xs X6 X7 X X9 X0 X X X3
X 1.000

X 0.795 1.000

x  —-0718 - 0.833* 1.000

kA 0.431 0436 - 0.090 1.000

xs 0.525 0.866 - 0.608 0.148 1.000

x — 0350 -0.359 0.139 - 0.962**  0.005 1.000

X7 0.369 0.503 0.057 0.661 0.591 -0.439 1.000

X 0.493 0213 -0.152 -0.342 0.376 0.530 0.201 1.000
Xo 0.644 0288 -0.668 -0.139 -0.040 0.042 - 0.468 0.345 1.000
X1 0.018 0.589  -0.262 0.401 0.708 - 0.338 0.587 -0.335 -0.536 1.000

xn 0418 0.490 0.049 0513 0.630 - 0.261 0.974%* 0413 -0.391 0475 1.000
X2 0.657 0.968** — 0.880* 0.315 0.859* -0.283 0.353 0.078 0262 0.661  0.324  1.000

x13 0.924*  0.964%* - 0.852* 0.457 0.744 - 0.389 0.431 0.311 0.486 0.365  0.0438 0.893 1.000

22 EFHMAMEEENERD ST

FIHT SPSS 13.0 #RAEXF iR T 13 N HRAREIEAT E L0 br, R EW, FH— B B = F
5y Bt BTk F 3k 88.04%, HRAE TTHA A K /NAT EN A HR AR G M (R 3) . XFEEIESE 13 e R
B3 ASET AR I Sr A TR AR, I CI(1), CI(2)F1 CI(3)Fn . P85 — 3= sl 43 X 248 e 4k
W1 OBEAREN . BAEE . WHESEA L MR SR A ER B BUE NG RECH 46 A 5K B
REC, B RO R TR A A AR B Tl R AL, 5B F Ak e SOD 1 M FTMDA
R EECPOR FR I ONE IR T

K3 BE/ETHRBRITHKE

Table 3 Coefficients of comprehensive indexes and contribution proportion

s w % % X s X % X %o 10 i X x  BUIRER/%

CI(1) 0.808 0983 -0.688 0558 0.853 -0450 0.649 0219 0.192 0607 0.829 0916 0951 51.09
CI(2) 0387 0.131 -0487 -0597 0.051 0544 -0.581 0566 0.858 -0.552 -0.260 0.155 0.267 22.47
CI(3) -0.151 -0.029 0299 -0446 0439 0662 0369 0.652 -0427 0.147 0391 -0.068 -0.129 14.48
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Table 4 The value of comprehensive index, index weight , u(x), D and V, of each accessions

LEG TR AR ) oA XA

B4 B . é%%(*gﬁgmﬁ m%‘%ﬁgmu

CI(1) CI(2) CI(3) (1) m(2) m(3) ’
B 8.152 - 2446 - 1.825 1 0.113 0.088 0.621 0.604
CEEA 2.585 0.652 1.500 0.663 0.540 0.921 0.671 0.650
SRR 2.709 3.985 0.707 0.671 1.000 0.723 0.760 0.723
ER - 8.391 - 1.079 - 2.182 0 0.599 0 0.153 0.143
ot -5.056 - 3.268 1.812 0.202 0 1 0.281 0.260
& 0.580 0.256 0.164

2.3 HIENESFZITHSHF
231 EBBESA G RFRSLE AT ER SRR R B A (1) R

/«L(xj) = (xj _xmin)/(xmax_xmin)’ j= 1, 2, tt, N (1)
K(D)T . x FRE jADLEEIENR ;. v R ] DERGTRIR IR /IME 5 e ZR 5 j AN ER GBI R
B, MRIEA ) AT R B — A2 A8 SR T A 25 G T8 br i SR8 R (R 4) .
232 MEHHLT WIELEAIRRTTIE (A0 0.511, 0.225 F1 0.145) B KA (2) R £ F8 45
(AL EE

W,=P /X P, j=1,2, -, n, (2)

L) H . W EHERSE ] DGR A SRR P R B, PSR j DL A AR I STk
ROBITE 3 A EARBIAE 45 0.580, 0.256 Fil 0.164(F 4)
233 HEFM HARG)IHE S AR LE A T PR RE S0 K N,

D=3 ()W), j=1,2, . n, (3)

J=1

K (3) . DAE R4 S AR SR A T H SR A AR AR T B AR B I IAEE S IR . 5 54 o Rl AR 5 2%
SN E (D) A I AMEHE R R QB > 5w > i > okt > CeAT,
234 DAL & IwAzg @A AR DS SRR E LS WA 00, HHEEES (x), A
SOD it (x6), WA MDA & it (wg) . EATEH BB R & (vp) 24 D EA W B E A, LI D EE
RS B 13 A FE AR BT AR BUE S A S e S LA 5 #E, D = - 1.818 + 0.013x, + 0.008x6 +
0.002x5 — 0.000 048x5, ZFIH G M ERER = 0973, BEFKF P=0.001,

A o R P [l 05 O R 0 A T Bk, S RN IE v, 5 ARV, 5 D BB EHE, MR
R = 0.973, UaHA L 5 B X AR TR R SR AT O, R A, MERE
3 it

UE/OERUR e P ATSE NS E =R (R @ =g VN & 7 N T N O bR ) W R N [ I R 7 N e
B S T O — ELARAE AR 0 R N NS AR, BRI, B A DA B S A 4 R AT 335 B8 ) 1) 5
55, HEERIRR TN B0 5o il L3R f Sk, B S E O MO DT A P RE ) . LR A VRN TR TE
TP PR | TR DL R R R ARV 2 T A B T R Y IR T B RO . BRI REAERXT 5
AR (ECR ) /NEG T AP AT S E R, MR B i POD TR S IR OC, Bl A iR AL B
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[a] B9 RE K, i FAHE J15R B B2 8 Dendranthema vestitum "Wag 2 R Fede/N . POD 1GPEf . F0 SCMR 2%
6 % B T APEBF SR KW, SOD ¥ PE . MDA AT P 8 1 5 A 0 it v A OG T A BB g o 1
eI AP T SOD i 7, MDA &8 bBr-22, nHiEthE e & m R iRE N, 2R IED
BRI R, R S ST A G, T PR s i i R B4 R AT Bt i SR AR
o MeAh, RN E T YOG R R R A ST A —E R R T, P, AN R T
MO BEAT b, DAAEIBIRRIE | R ) 2 0 A A AR 2248 b rh 0 2 S T A O FR AR, JF P EATZES
O3MT, BERSA RO IEAT TS PR . I LA & SRR E (B R AR g R T B R B, BERSIH
B AR R] 0 [ A 1 22 5, LI b FO B R I A RE O o AR R FE 8 Ak 5 A B A Y
13 ANt A FE bR R BGHEAT 73, X2 MR B — 255 46 bn A8 SR I 09 SR T8 eR AR AT A, 75 3] i 4
PERZE G PR (D) . R ZEE PEAN B FOI I JEAT PP, Se IR 10z F R — 48 A 0 B 4G T #R vk kA7
VEA IS 0 R, GRS T Z PR AR HEA T PR I (5 B S, I AER IR A . B, A
FHIZ A [l A it FA 5 5 PO (A -5 T 046 b 1) A N7 S5 U0 113 7 B, AR 7 7R 07 328 ) — 28 XoF T AP A I 3
SO B TR AR IS, AT AH R Y 305 558 25 4T 0 JH Al ot Ao )X S5 A, AP 2005 A DU R LA 0 5t e
PR R 5, T POk Y S e SR IO S TR L, AT O R B R R B R A S i A
PERHE

AT R 256 PR BT 01 V3 53 B 7 BE X 5 A B4 5 Bh gk A7 T PPk PE AN 45 10 Tt A B8 0 HEY
IR > VA > B > SR > @0, I EARE PEANEURITR A B AE AT DK A58
M2, CJJET CEMT ke TAMENIE ST R M et XS AR E R T R H
FVERGE AR R, B 8 OB A 3 SRR AE I | BRI | BRI R
TR OM Ao, BARNLT e, HEMERWERD CE 5 M BTV S
T AT M ot GEIEMANEER S WA AE A R — 2, X BEI % TS 2 2R AT i A T A
AT AT R EEAAE . iR SOD T . M MDA & & DUt H LR E 4 > S A
Kpydabr, Hrbit i SOD Witk & MDA & 02 5 45 6 A SC Y B 22 A48 BidE bR, 31X 5 KSR MR AT
FAEW—B, i TR AL B2 [ A # vk i MM e bn , St S H AR BE N2 E 455 57 E
KOMVEFHA A A, 2 AT A R BB bR . I, X 4 e bRt 5 B AGTH VA 8 5
KFR, S5 A S T8 5

AT SR T PR PPN X — LAY | 20 1A W BE AT BORGETT  EAL R, JFxE 5 A ARt Pk
AT SR 5 VP, XAEBE S b BA R E X, Hig, L850 i35 br i B AT 5 2 gE — A0 i
I, TG Z WA S B Rl A
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