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5343 BT USRI SRS A3 Bk X It B AT ER G 1P SRR DGR 78 % I A R0 (X, ) MR R EE (X)) &R
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Analysis of shade-tolerance and determination of evaluation indicators of shade-
tolerance in seedlings of Chrysanthemum grandiflorum and its closely

related genera

SUN Yan, GAO Haishun, GUAN Zhiyong, CHEN Sumei, FANG Weimin, CHEN Fadi”
College of Horticulture, Nanjing Agricultural University, Nanjing 210095, China

Abstract: Chrysanthemum ( Chrysanthemum grandiflorum ( Ramat. ) Tzvel. ) is one of the most important ornamentals
enjoying a major share of the cut flower and flowering pot plant market worldwide. The related taxa of Chrysanthemum have
been shown to be tolerant to various biotic or abiotic stresses such as pest, fungi, drought or salt stress etc, so the useful
gene can be used to the elite germplasm and new variety breeding of Chrysanthemum by interspecific hybridization or gene
engineering. Several representative species of Chrysanthemum and its related genera, maintained at the Chrysanthemum
Germplasm Resource Preserving Center, “ Nanjing Agricultural University ”, were used in this study. Seedlings of fifteen
species from Dendrathema and Ajania generus such as D. makinoi, D. nankingense, D. indicum, D. yoshinaganthum, D.
Japonense, D. crassum, D. makinot var. akasaense, D. okiense, D. vestitum, Ajania przewalskii, A. pacificum, A.
shiwogiku, Artemisia wvulgaris, A. abrotarum, A. japonicawere subjected to shading treatment. Morphological and
physiological parameters including stem diameter, internode length, leaf width, leaf length, leaf thickness, leaf area,
relative water content, chlorophyll content, net photosynthetic rate (Pn), intercellular CO, concentration ( Ci), stomatal

conductance (Gs) and transpiration rate (Tr) of seedlings were determined under non-shading, 60% , 78% and 95%
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shading rate, respectively. Our results showed that thirteen out of fifteen species including D. makinot, D. nankingense,
D. indicum, D. yoshinaganthum, D. japonense, D. crassum, D. makinoi var. akasaense, D. okiense, D. vestitum, Ajania
przewalskit , A. shiwogiku, Artemisia vulgaris, A. abrotarum are shade-tolerant with longer leaf length, thiner leaf thick,
higer chlorophyll content, no change of relative water content and intercellular CO, concentration than that of control, while
Ajania pacificum is sensitive to shade tolerance with abnormal phenotype such as the smallest leaf length and leaf area, the
lowest chlorophyll content, the highest relative water content and intercellular CO, concentration than its control, the
sensitivity of the other one A. japonica to shade treatment was lower than that of Ajania pacificum but higher than that of the
thirteen species. It suggests that most of the species from Chrysanthemum and Ajania are shade tolerant plants. The co-
efficiency of different indexes was used to evaluate the shade tolerance of the plants. The shade tolerance of the tested 15
species was evaluated using the principle component analysis, regression analysis and hierarchical cluster analysis. The
results showed that stem diameter (X, ), leaf thickness (X,,) and chlorophyll content ( X,,) under 78% shading,
chlorophyll content (X ;) under 60% shading, and leaf area (X,;) and relative water content (X,,) and intercellular CO,
concentration ( X, ) under 95% shading were suitable indexes for shading tolerance evaluation. The mathematical
evaluation model for chrysanthemum shade-tolerance was Y=82. 876-0. 153X,+0. 094X,,+0. 741X,,+0. 084X ,+0. 054X ;
-0.087X,,-0. 472X, (R*=0.998 ) , established based on above mentioned indexes, and the predicting accuracy of the
model is as high as 0.97. It indicates that comprehensive assessment the shade-tolerance with the co-efficiency of different
indexes is more effective and accurate, avoiding the segmentary evaluation of just one index or the reduplicate evaluation of
more indexes. Together, our data suggest that the mathematical evaluation model based on the indexes using the principle
component analysis, regression analysis and hierarchical cluster analysis is reliable and useful to assess the shade tolerance

of Chrysanthemum grandiflorum and its closely related taxa.

Key Words: chrysanthemum and its closely related genera; shade-tolerance; morphological criteria; physiological index;

comprehensive evaluation

48 ( Chrysanthemum morifolium ) J2& 3% [E ) -+ RAL G4 AL R DU R UL 2 — , B N 246 16 b A 3000 4~ DU
U AERY Ab e MRAVSEI LR R R AR YIAE RN e bR g N 1) AR SRS, S AR AR UEA T IRt VAR 2R
72 5 T A b e o7 TS i 38 8 5 D R SE  PRL It O R T ) e B 058 B T R T 585 0'6 b A i A B

UTAER A CACTFIR BRI RIE TS 8 22 | D T3 R TE A X AT M Bl ARAE 0 v AR A TR DG BRT 19 A5 4 & J R0 &
e AR MRS 48 7 el MRORE T B B e v T 8 B 5 R R AR e SR S A i 6
o el At e R D R B PR AT T bG8 5 BB A 45 e IS R I [ — b P R P S ) R R A7 A TR B 22 52, H
BT, A7 SCAG AT FE T A4 T 4R T 95 45 5 TR 9 A e 4l ) (F 44 40 A i B P 5 1 oK DL ARG . AR 540
TEAR Ao BAPERE TS R 0 At b % 15 Gy ADREEEA T AS [R) 466 B2 (9 JEE T A 388, DA AE 3 JE 28 S5 7K 7% HE Tt B
PEBEATWTSE I 25 T bn S BAPE YOG 2R | ST P 5E 10 3 46 1 S T Jag A ) it BH PR B8 PPN A Y | Ry 3 48 3 2%
o I R0y i B B () 425 0 T BP0 i o 18 8 B ORI 8 46 it Ao E) TS S A7 B 5 B Al
1 #RERZE
1.1 SEEbR

IS I R AR R [ A AE RN SRS IR AR AR 0 T 15 S AR IR AN ALY, Hoh A e
( Dendranthema )9 F (ZEFh) | W25 & ( Ajania) R & (Artemisia) 45 3 D (£ 1)

1.2 Jik

2010 43 A 25 HBEPUE KBS — S HRBE 7RI R (I 2Bk = 2:1) BAFRAEMR, 4 H 25 ik
60 WA A — SO AR AR B AR T W) — B B v AN SRR R — B (R X 4—5 i H Xl
(19.2+1)°C) , #EATH HAITAT L, 220 10 d Jmide R s FH A T3 B A B . X 1R CKL60 %0 35563 78 % it
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JEH 95% WEOEA , RIVFERIIX it A 3 I A AR AL 5 Bk 45 d JE XA CTEAREA TN E |

F1 HHlRIIIR

Table 1 Plant materials used in this study

F5 No %% Name 24, Scientific name 54k Ploidy SKAEH Location
1 Je % D. makinoi 2x H A5

2 2 AN D. nankingense 2x Jb5¢

3 Uig ] D. indicum 4x M

4 TRBE )1 B 3 D. yoshinaganthum 4% H A5

5 B 4 D. japonense 6% O NEp
6 K BT 4 D. crassum 10x HAA)I

7 F A D. makinoi var. wakasaense 4x H A< 570

8 sz Fr) 311 2 D. okiense 4% HAT

9 EgRe=k] D. vestitum 6x g AR L

10 R ] Ajania przewalskii 4x LI ERTYNE -
11 WAy A. pacificum 10x HA

12 FNE ] A. shiwogiku 10x HAT &

13 WAE Artemisia vulgaris 4% g

14 & A. abrotarum — H A SRk

15 Law=1 A. japonica 4% HAT &

1.2.1  ARRGE

XPAS RS GAL B AR R, F IR SR 4 MO R IR 4 28 0 10 A K2 hr R B 58 8 it 7 AT LI-3000A
A4 A T ARSI 5 - Ao B2 (LL) P58 (LW) A AR (LA) s A B (CH BT 28 3—5 i) (A b
15 8—10 Fit) (A R 15 2—4 k)3 #4045 8983 Jrog it Jr, JH DLO1150 Bl ROl
R JEERE TR RSP JRRE (LT) 5 E 4R A LR 45 4—6 AN TR BE (TL) |, SR 94 ; bR+ L
I AR AR JEFBZE K (SD)
1.2.2 MRS EIE

SIS A e TR AT WA Y66 B T (T6 Bttt 20, Jb st 3 M il AN 8 A5 BR SE AT 2 ) ) 332
BOGH A,
1.2.3  AHXF S K

B AL PR RRBE AL 3 AOSCEAR T 1, AR Bf 3 0. 0001 g A L 7 K- I g HL B o (W), B THE
T TEEFE N 105 °CAYH 30 min, ZRJ5 7E 80 CHYMEIR T4t T 2 HE U AR (W2) |, 7H5 it A &K
W, 3REHE,

ARXTE KR (RWC) = (W1-W2)/W1x100%

1.2.4 JGESHIE

PEPERG I KA, T 9 00—11: 00 JHFEE LI-COR 2 H] 7= LI-6400 BIEAAL, Bl [ B R4S 3—4 i
P E A A ( P) AL (Gs) B A ( Tr) JIIE] CO, HRIE (Ci) ., BE NGRS 600
pmol-m™+s™', CO, YR N KA CO, WREE , ARG Wi 5 R el IR B S KA AR BN 70%
FREESINE 3 K, bR E R,
1.3 HdEAE 5 0t

BAITHR BRI B AL () cae( % ) = 2540 BRI E (EL/ X5 BRI 2 {H X 100%

FHSCSIHT R Duncan’s B i 22 15, 38 4 32 8043 43 A L B0V 20 B SRS 43 M Xof & TR AR HE AT 2555 43 W7 6
YEEI I SPSS 13.0 il Excel 2003 %48,
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2 HRE5HMW
2.1 A EATR bR B R R S R A

AN (IS EAR BT 3 A6 1T S5 b AR ) O TR A R OB AR TR (62 38 3) . iR 2 Tk 3 ml AL DL
W58 B2 AR AL 1M T SRR AE B AR BRAE AR -5 X HRAH 1L, SR BN RV RE B A 25 S, b 22 M B S0 IR B
FEZES, 3000 60% BOCARMZEAML (X, ) R (X,) M98 (X)) R JREE (X)) (A (X,,) RS
(X)) 578% HEYCRAIZERL(X, ) VRIS HEE (X)) MR (X)) MERREE (X, ) M%EK a5 b HREZ
I Ca/Ch(X,,) JHIME] —SAALBRYRE (X, ) 595% BEOEFRAYZEH (X;) I8 (X, ) (X)) JHFRREE (X, ) (it
HIBL(X ) EKEE (X, ) \Ca/Ch(X,g) LA R (X,y) M IR B (X,,) RILRBE(X,) , X EEfE PR
A RE-S A AT G Pl AR T B 5 R A U], e G ik 2o oA IR e SRR e A ST ik A T i — 2
ZEiT

R2 HEUESHIENEERSWT

Tabel 2 Single factor analysis of morphological characteristics

4t 2 LD T i s R
Treatment Stem diameter Internode length Leaf width Leaf length Leaf thickness Leaf area
CK 100.0+0. 0a 100.0=0.0c 100.0+0.0b 100.0+0.0a 100.0=+0.0a 100.0+0.0b
89.5x16.8b 136.2+42. 6a 128.2+44. 1a 115.8+9.7a 82.8+7.9b 125.9£29.2a
I} 69.6+15.7c¢ 134.5+27. 2ab 116.9+41.7ab 106.1£16.6a 72.6+11.6¢ 110.5+32. 6ab
I 48.9x14.5d 110.5+54.4bc 82.1+23.5¢ 68.1x19.9b 55.6+9.8d 54.9+29. 8¢

Al —FNSHUG R IA FHFRREFLE (P<0.05) 5 1 :60% HHEH 1 .78% 64 ; 1 :95% MG

x3 EYEBERNEEZRSHW
Tabel 3 Single factor analysis of physiological index

AR 57K Ja ] — 4

b3 N4 2 HoOtE R . = iy TR R
Qb Relative water IE S S Ca/Ch ol G L SALSE 7RI %
Treatment Chl content Pn . Gs Tr
content Ci
CK 100.0+0.0b 100.0+0.0b 100.0+0.0a 100.0+0. 0a 100.0+0.0c 100.0+0.0a 100.0+0. 0ab
116.1£16.0ab  152.5+62.0a 101.949. 1a 103.7+40. 1a 108.6+5.4bc 121.1£67.6a 111.6+43. 1a
I 119.3+13.1ab  129.8+55.2a 90.6+13.4b 102.8+64.5a 114.1+4.2b 123.5+58.2a 117.0£37.6a

122.9+£17.6a 136. 1+48. 7ab 83.3x17.1b 41.9+23.5b 118.3+8.8a 66.9+26.3b 77.7+21.8b

2.2 FERSHT

F G5BT RE A R T AL A, A A PR AR YOG R R B T kA E R VR . A BER U U Sy
F AN BRI R T 1 BRT m A FRATY R (R 4) , ATILRT 5 A E RSB 22 AN B
TEM R BRI KEB 5 B ( REITTHRR Ky 74.245% ), RIL, o US54~ 8t i BP0, 55 1 a5
oA T M RORASRRIE 7 A5 B 58 2 UM TOUE R R85 ; 56 3 FE RS T i RS A
SRR R IJTIIEEE 4 R T A S K E A SR R T AR S5 S B T Sk E
BENCHERZE T HNEE,

S NSHAEGFERYIAE S AT LS, B MRS B AT 1 £ L0 m 4t
EESS 2 Ry LAt U TESS 3 Faior LAS o dnem , JRIGAE 7656 4 A BAS o doerms , ki AR ik 44
NS B BAR R, RPEER 5 IFANRE EDW ML I 45 28 A6 3 S AR 0 (0 s B 1, DRI I, A 20 S At
2SR R A 2 eSO i e L B4
2.3 [EIESHF

o B e bn S BPE Z B OC 2R S0 F T 28 1R B0 25 SF 0 (28 hy ml 58 i d8 b, 835 0T LA T s B
PEVEO AB2E R X 22 A48 AR H#EAT T8 0 MR 408, i TE S 450 506 B A B BT ¢
U VP25 4 A B R A A I A O R BR B TR I R AR AR R pk i A x ELA i B 4T
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FEBEIR REWFTEIS K B, B REEO T ZLAEREIR R P 2 B KIS 31, 6 em  JEXTIEAY 2. 6 A5, DAL, DAL
95% M R BE (X ) RS HAR 21 MR H S S AT [H 30T, 45 2R A0 F

R4 FEMPEEAITNHERS R

Table 4 Main components of integrated evaluation based onshade tolerance in chrysanthemum

F W4 Main components 1 2 3 4 5

FRIEME Latent root 5.450 3.610 3.149 2.160 1.966

Tiik % Contributive ratio/ % 24.775 16.407 14.312 9.816 8.936

Z TR Cumulative contributive ratio/% 24.775 41.182 55.494 65.310 74.245

FRAE ff) X, 0.118 -0.041 -0.007 -0.107 0.221

Eigenvector X, 0. 126 -0. 036 0.134 -0. 095 0. 001

X, 0.112 -0. 045 0.165 -0. 151 -0.014

X, 0. 049 0.121 -0.162 0.105 -0.022

X; 0. 148 0. 083 -0. 007 -0. 055 0.031

X 0. 006 0.129 0.220 -0. 009 0.241

X, 0. 095 0. 097 0.212 0. 041 -0. 006

X, 0. 097 -0.174 0.015 0.195 -0.107

X, -0. 069 -0. 149 0. 003 -0.190 0.035

X9 -0.034 -0. 162 0.112 0. 020 0.053

X, 0.113 -0.110 0. 089 -0. 045 -0. 035

X, -0. 047 -0.130 0.243 0.133 0.142

X 0. 106 -0.125 0. 069 0.212 -0.175

Xy -0. 001 -0. 064 -0. 046 0.229 0.285

X5 -0. 058 0. 081 0. 082 0. 060 -0. 263

X6 -0.108 0. 042 0.101 0.218 -0.173

X 0. 063 0. 039 -0. 083 0. 306 0.156

X 0.109 0.121 -0. 083 0.135 0.184

X -0.120 -0. 092 0. 089 0. 096 0. 149

on 0. 006 0.153 0.137 0. 146 -0.171

Xy -0. 008 0.234 0. 062 -0.138 0.013

X -0.144 0.035 0.070 -0.004 0.208

RS ISANFHEEHMBEEDERNENE
Table 5 Factor scores of fifteen chrysanthemum wild species
e, %1 331526} ) 3‘55%\_ %3 azﬁjz% %4 a‘zﬁ%\_ £ 5355267\
Scientific name The first main The second main The third main The fourth main The fifth main

component cumponem compunent componem compunem
Je i3 27.884 50.265 116.361 140. 198 93.320
B4 4L i 23.790 54.999 83.983 103. 458 18.507
¥7 44 40.470 30.389 92.978 72.163 64.619
Bl )1 72 48.530 43.013 115.094 105. 531 75.327
gz 36.087 45.250 111.414 125.927 55.128
K BT 6 46 51.843 65.688 88.746 89.216 48.443
FEEA 33.935 82.751 96. 196 137.518 14.754
IO 30.781 50. 003 133.981 120. 507 16.899
SSL ] 55.317 33.741 132.934 104.613 58. 150
EHECRRx] 8.480 53.548 89. 136 97.433 69. 165
W5 -28.856 51.070 177.378 138.417 43.058
] 34.795 43.889 99.311 94.091 61.990
B30 18.431 59.953 112.488 126.396 46.619
A 5.464 51.282 115.167 105. 383 76. 695
La -1 36.678 97.157 158.236 85.200 110.557
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ME =384 A F, <217 B G 78% I IZEHL(X,) AR (X)) R ESR(X,) ;
HEIGR 60% B TSR R Erim (X ) 5 LANAEGR 95% BF B AL (X ) AEXT K (X ) e S ek i
(X,) 8 MEIRH I AT R .

Y=82. 876-0. 153X, +0. 094X ,+0. 741X ,+0. 084X, +0. 054X . =0. 087X ,~0. 472X,
R* (Ve 72%50) = 0. 998

XN 7 R A RS BE AT PEAY , a5 SR L3 6, R RR A THAS B B S e B A T 1RS EEAR &, 3K

T 0.97, TEBA R A FE AR X R B R i BE S 3% 8103 D RE v T 25 A6 1T 25 A JE A i B P PR

Fo6 MORFRERMMGITHHEESR

Table 6 Analysis of evaluation accuracy of equation

i JE AR E mYE(:] 218 i
Scientific name Primary value Regression Difference Evaluation accuracy
T i 2 77.929 78.279 -0.350 0.996
Eopid] 59.174 57.461 1.713 0.971
Lig] 68.998 69. 087 -0.089 0.999
TR%R )1 47 2 78.810 79. 847 -1.037 0.987
LagiEs] 74.030 74.401 -0.371 0.995
PTG 2] 59.468 60.383 -0.915 0.985
Py QiT ] 65.427 66.230 -0.803 0.988
IS0 1 7k 2 78.475 77.856 0.619 0.992
B 105.725 105. 498 0.227 0.998
BN ] 45.337 45.519 -0.182 0.996
Wizg 50.479 51.085 -0. 606 0.988
] 61.554 60. 447 1.107 0.982
W E 61.981 60. 949 1.032 0.983
T 59.445 59.686 -0.241 0.996
HE 31.749 31.853 -0. 104 0.997

2.4 RASHr

M2 7 nTLAE 15 AN AEIT SRl E A W e T2 25 AR BRE A #0 2 B — 2 AT B | i 5 B 28 #r
SRS ARGy R 3 25, BB 1 SR EE L TR A AG A0 EE A IS BT A BT RKAS KIS BRI A A PR A |
B0 i 4 | BAE40 AN 2  $hal B A 0 A A TS BRI A o ) B A P B R T AL R R X
A, R B R AR AR KR AR RN AR SRR i W TR ) AR AR B AR AL B 2 2R
s AT B PR iR i Y A A R B AL T it R R0 TR BE AR A /)N | i g AR AR B K A e i
SRR MR AR R R S 3 ZSIILAE A I B A 2 1 B AR R SRy IR AL B AN
W TE R SA B S AR 0N | I JEE AR RN TS AR 3 K et e, AR 3R i W) 0 AR AT M) AR T v T v

RT REGRREBEBHE

Table 7 Hierarchical cluster result and description of each cluster

e [y )= == EFRFHIH Average of each index

Cluster Wild species number X; Xq X0 Xp; X, Xis X X,

55— First cluster 1,2,3,4,5,6,7,8,9,10,12,13,14  76.27 68.90 64.62 49.88 106.45 212.02 255.35  110.59

55 2% Second cluster 15 65.25 51.09 69.90 31.37 108.90 157.08 121.49  112.72

55 =2 Third cluster 11 58.92  31.85 81.55 18.99 111.87 98.26 83.77  140.50
3 itig
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X HEE G HRR AT T FIWT A T INA R, L6 PEN T IR AEAE B 5 i e T P DL T R S 2
PUHE AN J7 T #RAF 2 T RS2 BT T EAR Y

I ISR 2R R A A A B B S — A IR B R AR B AR Y R g
b TR TR st iR R SRR RN FEI, RERE RS R L, M
THE TR ) P SE A T B AE 0 1 P o 2 B i S 0 RORAL L . b RIS b S AR R b 2
TR, ARIE i B SR AR AN ] (AR R R S 2R S A T T, LR R Y T R
ETFF LR a/b KT IR B 225

BEAI, 308 0 Ah B R A 1 A e S TR B MR — 2 B R 5 M A L A o R 7 A AR A A
Wy LA AR SR A B, M) CO, MR (Ci) ZR AR A B I i #ele A i 56 10 A28 A6 5 S FL I - LA AR PE D
AHIFGE T, 425 15 30 G SR ) 28 ok 3 1 Ah B S 1) — S AR VR B2 245 BT - T Tid B R 14 R R A AL R A, L
35 28 1 I T AL P ) A ] A ARV B S T B O SR AR R AR L =3

A AT B A — A O 2 ) A B R AT AT — S BRLIUR AR AR AN BEAS 4 THI VA Y PEA A R T B P . AR
55 AR T 2 | A 35 T3 1T R 38 46 30 S P 8 A 0 R AT 256 40 A, 91 HL DL 45 A 300 2 L/ % FR O 7 1 x
100% " VE A AE P ey i B 22 250, T BRAA Rk a] % 14 22 5%, AT B0 4 7 28 A6 I S Al Jm A g i it B4 R 255
PE A ) (R Tt B A T VPN, e IR T 3 FH B — 38 PR b AT PR I ) TP, SR B 1 g ] 22 R Rtk A 71
Wt (5 S E A, M AP G A W, e Ah 38 S X A AN R A B2 30 B Ak B ) it B4 A Y 2R 2R 4
AT, G 26 E TS S ek ) B A P, 5 B — S S A FUR L 9 4 T
4 Hie

AWFFEXS 15 A BG AU A B AR AT [RIRG B R AR B 5 o % 22 A1t BH 28 2500 3 1L 5353 B Mo Ao
ME AT SR 8 AR PRI - S 1 28 46 3T 2 P Al P s B M 25 65 PP A B2 570 . Y = 82. 876 -0. 153X, +
0.094X,,+0. 741X,,+0. 084X, +0. 054X ,,-0. 087X, —0. 472X,, ( X, : B 78% FIZEHL; X, : BEE 78 % Wy 7 J&
JE 5 X 5 3O 95% TR X, < ARG 55 7K 65 X g - 86D 60% I 23R & it 5 X 0 78 % MY 4 3R 3 i 5
Xy, 13 95% R IE] SR ALRRVR JE s R =0. 998 ) , TS B K F 0. 97, i IR 15 D240 A Jm Al
Yror i 3 28 TEDTICASE T | Tt B 0 Rh 25N 2 R AR DR W I A8 KR, AR i O i P iy fe 7 s it
iR i R R IR T AR RO B ARE s R AR ARX K R T B AR A AR B R T e R
Y S A A E AR T B BE 77 5 B E] — AR AR TR i A 3R o Tt BARE ) 7E B PR B T AT IR 190G
AVE PR T FREE LA
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