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Abstract: To screen out traditional autumn chrysanthemum ( Chrysanthemum morifolium Ramat.)
cultivars with strong cutting rooting ability, difference analysis, correlation analysis, and principal
component analysis were performed for 8 root morphological indexes of 39 traditional autumn
chrysanthemum cultivars after 12 d of cutting, and subordinate function analysis and classification were
conducted for the cutting rooting ability of these traditional autumn chrysanthemum cultivars. The results
show that the total root number of traditional autumn chrysanthemum cultivars for testing is 3.3-44.0, the
total root length, average root length, and longest root length are 2.463-129.174, 0.632-4.470, and
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1.610-7.964 cm, respectively, the root diameters are 0.200-0.405 mm, the root projected area and root
surface area are 0.102-3.062 and 0.319-9.619 em”, respectively, the total root volume is 0.002-0.079
em’, and most indexes of ¢ Huofenghuang’ are the smallest. The coefficients of variation of these root
morphological indexes are 15.789%—-51.605% , in which, the coefficient of variation of total root length is
the greatest, while that of root diameter is the smallest, and those of the other indexes are all greater than
32%. There are significant (P<0.05) or exiremely significant ( P<0.01) positive correlations between
most root morphological indexes of traditional autumn chrysanthemum cultivars for testing. The principal
component analysis result shows that the accumulative contribution rate of the first three principal
components reaches 97.976%. The results of subordinate function analysis and classification show that the
cutting rooting ability of traditional autumn chrysanthemum cultivars for testing are divided into 4 grades
namely excellent, good, moderate, and poor, those of ‘ Longdu Chunli’, Yulou Renzui’, ‘Longdu
Yuehua’ , ‘Shengguang Huabao’ , ‘Longdu Qiufeng’ , and ‘ Longdu Chunxiao’ are excellent, and their
comprehensive scores are all greater than 0.70. The differences in root projected area, root surface area,
and total root volume are significant between different grades. It is suggested that the variations in root
morphological indexes of cutting seedlings among different traditional autumn chrysanthemum cultivars are
relatively great, in which, the cutting rooting abilities of 6 cultivars such as ‘ Longdu Chunli’ are
relatively strong, and they can be used as parents for genetic improvement of traditional autumn
chrysanthemum cultivars.

Key words: Chrysanthemum morifolium Ramat.; cutting rooting ability; root morphological index;
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Table 1 Statistical analysis on root morphological indexes of traditional autumn chrysanthemum ( Chrysanthemum morifolium Ramat.) cultivars
(X+SE)

B /em BREC FIRK/em S RIRK/em RBEEEBY cm?  RRERY em?  ARERE/mm SHREE em?

ﬁlﬁvar Total root Total root ~ Average root  The longest root Root projected Root surface Root Total root
length number length length area area diameter volume

FHMERFFN Chunniang Shuyu 5.507+0.537  6.0+0.3  0.856+0.123  1.7230.103 0.181+0.022 0.537+0.066  0.257+0.033  0.003+0.001
WK 4 HE Gushui Jinhui 46.156+5.650  14.2#2.4  3.510+0.525  5.469+0.652 1.291+0.173 4.055+0.833  0.280+0.019  0.029+0.007
JH7K 4%k Huanshui Jinzhu 74.71749.887  24.3£2.9  3.069+0.264  6.950+0.693 1.641£0.236 5.155+1.024  0.211£0.013  0.029+0.008
XU Huofenghuang 2.463+0.317  3.7¢0.2  0.632£0.119  1.610£0.068 0.102+0.014 0.319+0.027  0.263+0.035  0.002+0.001
AL TEHE Jinhong Jinghui 34.624+4.862  11.8+2.0  3.196x0.303  5.283+0.483 1.261+0.202 3.961+0.628  0.352+0.025  0.037+0.008
Je#BAZ Longdu Baixue 56.702+7.989  25.5+2.2  2.202+0.192  4.261+0.428 1.595+0.214 5.010+0.671  0.291+0.029  0.0370.006
Je#R I E Longdu Baiyu 57.508+8.586  18.8£2.0  3.010£0.253  6.237£0.531 1.4300.235 4.494+0.738  0.246+0.009  0.028+0.005
Je#B4# X, Longdu Chunfeng 65.097+5.118  23.842.6  2.819+0.287  6.040+0.893 2.006+0.228 6.304+0.716  0.308+0.030  0.050+0.009
Je#K % Longdu Chunli 77.44628.753 327449  2.508+0.326  4.078+0.494 2.795+0.222 8.781£0.698  0.364+0.014  0.079+0.004
Jp#k# K Longdu Chunshui 61.477+5.010  23.4x1.1  2.655+0.418  6.150+0.715 1.904+0.270 5.982+1.163  0.315+0.026  0.047+0.008
Je#BEME Longdu Chuntao 66.830£8.397  26.0£2.8  2.576+0.479  5.079+0.571 1.662+0.183 5.222+1.014  0.247+0.009  0.033+0.008
Je 8¢ Longdu Chunxiao 85.463+9.375  33.2+¢3.0  2.612+0.280  5.229+0.729 2.426+0.211 7.621+0.663  0.293+0.026  0.056+0.007
Je#8# S Longdu Chunxue 28.726+4.255  20.3+1.8  1.41420.183  3.068+0.371 0.574+0.089 1.805+0.280  0.200+0.011  0.008:0.001
Je#RFETN Longdu Chunyu 61.807+6.500  24.2+¢3.5  2.530£0.176  4.676+0.548 2.0370.106 6.400+0.846  0.319£0.025  0.054x0.005
JeEARFKAR Longdu Qiufeng 91.916£10.019 37.5%£5.3  2.460+0.229  6.155+0.939 2.502+0.357 7.861+1.136  0.267+0.022  0.056+0.004
Je#8 A 4 Longdu Yuehua 105.613£14.263 35.8+4.4  3.036+0.352  7.213+0.733 2.790+0.340 8.764+1.069  0.266+0.016  0.059+0.008
FBE-34 Moling-34 49.420+5.563  25.3x1.9  1.949+0.191  3.842+0.557 1.754+0.275 5.510+0.864  0.353+0.031  0.051+0.006
FiBE - 174 Moling-174 21.917£3.012  12.4+2.2  2.036x0.317  3.696+0.519 0.872+0.138 2.738+0.433  0.405+0.070  0.028+0.005
FRBE-175 Moling-175 60.987+4.724  24.0£2.1  2.591+0.216  4.382+0.381 1.882+0.163 5.912+0.511  0.308+0.012  0.046+0.005
FBE-176 Moling-176 45.979+7.047  27.8¢3.9  1.663+0.154  3.374+0.546 1.200+0.121 3.770£0.379  0.27120.022  0.0250.002
FREE—178 Moling-178 56.695+7.301  19.0£2.2  2.851+0.294  5.306+0.887 1.510£0.236 4.742+0.742  0.281£0.022  0.032+0.005
FiBE-179 Moling-179 44.658+6.114  25.3+3.6  1.808+0.220  3.932+0.383 1.384£0.122 4.348+0.694  0.310£0.006  0.034x0.006
BB F B Moling Chunbo 22.890+3.100  16.2+1.9  1.415+0.105  3.034+0.234 0.602+0.098 1.893+0.207  0.264+0.021  0.012+0.001
B4 75 Moling Jinxiu 59.652+3.099  15.3£0.7  3.891+0.116  7.130+0.662 1.787+0.170 5.613+0.533  0.297+0.016  0.043+0.006
FREE LRI Moling Liibo 51.853+7.853  28.8+#3.1  1.778+0.196  4.970£0.722 1.268+0.193 3.98320.608  0.248+0.005  0.025+0.003
FRBE A Moling Qingsong 47.248+6.427  19.8+1.1  2.302+0.358  5.079+0.581 1.227+0.122 3.854+0.667  0.270+0.019  0.026+0.004
BB WIE Moling Shuanglong 88.683+5.564  27.7+2.6  3.284+0.208  7.964+0.417 2.138+0.155 6.718+0.486  0.242+0.012  0.041+0.005
#JEH: Panlong Guise 12.076+1.502  3.320.6  3.791x0.421  6.023+0.897 0.400+0.074 1.255+0.234  0.346+0.029  0.013+0.002
LIS Panlong Hongpeng 76.218+7.658  17.21.4  4.470+0.331  7.693+0.474 1.937£0.244 6.086+0.767  0.251+0.008  0.039+0.006
#:JEHRN Panlong Yinlang 62.652+5.370  17.842.0  3.599+0.234  7.258+0.397 1.620£0.175 5.088+0.549  0.258+0.014  0.033+0.005
FHRME Qingtian Aogu 9.559+1.392  7.3x1.0  1.290+0.267  3.053+0.130 0.268+0.017 0.750+0.048  0.259+0.027  0.006:0.001
KA Qiushui Mingxia 45.498+3.372  33.3x1.9  1.366+0.125  2.454+0.189 1.609+0.209 5.039£0.519  0.298+0.024  0.034+0.004
SR % il Quanxiang Gaofeng 41.754£6.358  20.2#2.4  2.007+0.260  3.817+0.466 1.146+0.208 3.599+0.655  0.294+0.045  0.028+0.003
% % =R Quanxiang Sanquan 26.784+3.015  11.7£1.4  2.150+0.304  4.122+0.670 0.961+0.131 3.018+0.546  0.327+0.017  0.025+0.002
S %K EFE Quanxiang Shuibajiao 80.163£5.397  28.5x4.0  2.894x0.455  6.892%1.147 1.739+0.133 5.463£0.419  0.218+0.011  0.030+0.003
FEYE Qunying 15.939+2.384  4.8+0.6  3.043x0.454  5.012+0.451 0.538+0.115 1.689£0.208  0.33320.011  0.014+0.004
FHEE Shengguang Huabao 73.460£9.718  30.0£4.2  2.405:0.310  6.120+0.755 2.354+0.285 7.396+1.039  0.328+0.017  0.060+0.010
FAEABE Yulou Renzui 129.174£13.151  44.0£5.3  3.011£0.209  7.592+0.658 3.062+0.322 9.619+1.011  0.238+0.008  0.057+0.006
2 fME Zilong Woxue 65.986+5.055  20.5+£3.1  3.302+0.210  7.054+1.183 1.656+0.133 5.202+1.024  0.256+0.015  0.033+0.008
HJ{E Mean 54.136+27.937 21.6£9.6  2.512+0.848  5.103+1.682 1.516+0.731 4.758+2.301  0.285+0.045  0.034+0.017
A ZRH/ % Coefficient of variation  51.605 44.663  33.758 32.961 48.219 48.361 15.789 50.000
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Table 2  Analysis on correlations between root morphological indexes of traditional autumn chrysanthemum ( Chrysanthemum morifolium

Ramat.) cultivars

WAILSIEFRME MK ZELY  Correlation coefficient between root morphological indexes!
RABLIER BAK RS TIRK RKRK  RERER REEE R R
Root morphological index Total root Total root ~ Average root  The longest Root projected Root surface Root Total root
length number length root length area area diameter volume
JBAREK Total root length 1.000
AR Total root number 0.855 = 1.000
IR Average root length 0.498 = 0.067 1.000
KM The longest root length 0.724 s 0.336 * 0.881 s 1.000
AL A Root projected area 0.948 0.853 s 0.457 s 0.618 s 1.000
MK Root surface area 0.948 s 0.853 s 0.459 s 0.619 s 1.000 1.000
HRE A Root diameter -0.268 * -0.199 0.017 -0.223 0.004 0.005 1.000
AR Total root volume 0.796 = 0.743 = 0.394 = 0.470 == 0.944 = 0.944 = 0.289 * 1.000

#; P<0.05; #==% . P<0.01.

*3 RENFRMREESEROERLS ST
Table 3
Ramat.) cultivars

Principal component analysis on root morphological indexes of traditional autumn chrysanthemum ( Chrysanthemum morifolium

NN AERRIE BTGP HFFER & Eigenvector of different root morphological indexes N SRR %
s 2 o B A o ; s . ‘ ERx N i i
Principal | BRK BB FIRK RICRK REDETE REME R amisl o g, Acumlaive
component  Total root Total root ~ Average The longest Root Root Root Total root ‘-1genvatue rate contribution
length number  root length root length projected area surface area diameter — volume rate
0.425 0.358 0.252 0.324 0.430 0.430 -0.031 0.391 5.240 65.499 65.499
2 -0.031 0.332 -0.591 -0.542 0.140 0.140 0.360 0.279 1.382 17.274 82.773
3 -0.190  -0.328 0.362 0.084 0.012 0.013 0.813 0.242 1.216 15.203 97.976
%E@ )I:E/%ﬂ:/ 4L4\tl: ﬁEo gﬁ 1 I}ﬁﬁﬂgﬁﬁﬁ%ﬂg j‘jxl \XZ\XQ\X4\X5\X6\X ﬂeuxg,g}gﬁg“;ﬁl ziﬁ]

65.499% , Horp | AR HE5 1 A AR 2 AR L R K R
E 1) 2 o %F (8 &8 0 55 2 FE A I ST ER R N
17.274% , Hodp | S 35AR 4 F B AR B RRAIE [ 12 4
X B AR RIB 845 568 3 Ao 1y oT ik
N 15.203% , FHorpr MR ELAR 0 RRAIE 1) 6 260 X6 (B A
H5HAR RIE SR 2R K,

2.4 EHEUFRMITHERENDN

I ARG CEARE AP BRI e AR AR
B AR AR A AR AR LSRR R B BR v A1
F4 EEUFRMITEERE N

3 EWAMEESIRPRMECRD CI(1) (CI(2) 1 CI(3) )
JiFE, AR CI(1) = 0.425X, +0.358X, +0.252X, +

0.324X,+ 0.430X, + 0. 430X, — 0. 031X, + 0.391X,;
CI(2)= - 0.031X, +0. 332X, - 0. 591X, - 0.542X, +
0.140X, + 0.140X, + 0. 360X, + 0. 279X,; CI (3) =

-0.190X, - 0.328X, + 0.362X, + 0. 084X, +0. 012X, +
0.013X,+0.813X, +0.242X, . 39 /ME G5 Fk 44 & B i
3ANFEMA MGG IRIRE (CI(x) ) 8 R A E
(U(x) ) JZ7 51355 (D) Wk 4, 455REKW] .39 ME

Table 4 Analysis on cutting rooting ability of traditional autumn chrysanthemum ( Chrysanthemum morifolium Ramat.) cultivars

i Cultivar CI(1) CI(2) CI(3) U(l) U(2) U(3) D ZE9% Grade
J#B4 0 Longdu Chunli 3.020 2.529 1.507 0.806 1.000 0.823 0.843 I
FREAE Yulou Renzui 4.961 0.110 -1.436 1.000 0.511 0.189 0.788 I
Jo#B H 4 Longdu Yuehua 3.939 0.114 -0.476 0.898 0.512 0.396 0.752 I
345 Shengguang Huabao 2.303 1.091 0.747 0.735 0.709 0.660 0.719 I
Jo#BFKAN Longdu Qiufeng 3.012 0.779 -0.772 0.805 0.646 0.332 0.704 I
Je#BF % Longdu Chunxiao 2.512 1.010 -0.090 0.756 0.693 0.479 0.702 |
Je#8# W Longdu Chunyu 1.167 0.991 0.748 0.621 0.689 0.660 0.639 II
Je#B87 X, Longdu Chunfeng 1.433 0.169 0.672 0.648 0.523 0.643 0.625 II
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S A Cultivar CI(1) CI(2) CI(3) Uu(1) U(2) U(3) D 42 Grade
FREZ -34 Moling-34 0.264 1.836 1.072 0.531 0.860 0.729 0.620 I
Je#7 % 7K Longdu Chunshui 1.143 0.207 0.728 0.619 0.531 0.655 0.609 1
FBE X Moling Shuanglong 2.443 -1.295 -0.651 0.749 0.227 0.358 0.596 I
FkBE - 175 Moling-175 0.755 0.762 0.453 0.580 0.643 0.596 0.594 I
FRBE 45 Moling Jinxiu 1.157 -1.501 1.204 0.620 0.186 0.758 0.565 I
#EILIME Panlong Hongpeng 1.876 -2.419 0.414 0.692 0.000 0.588 0.554 I
JE#B S Longdu Baixue 0.079 0.737 -0.186 0.513 0.638 0.459 0.526 I}
K IHEE Qiushui Mingxia -0.456 2.197 -0.737 0.459 0.933 0.340 0.524 m
441355 Jinhong Jinghui -0.708 -0.367 2.006 0.434 0.415 0.931 0.508 i}
295 [T Zilong Woxue 0.905 -1.436 -0.162 0.595 0.199 0.464 0.505 il
FRBE - 179 Moling-179 -0.620 1.149 0.015 0.443 0.721 0.502 0.501 i}
Je#R#HE Longdu Chuntao 0.540 -0.176 -0.928 0.559 0.453 0.299 0.500 m
SR %K #E Quanxiang Shuibajiao 1.322 -1.163 -1.445 0.637 0.254 0.187 0.499 m
FEARIR Panlong Yinlang 0.839 -1.795 0.124 0.589 0.126 0.525 0.497 I
FBE - 178 Moling-178 0.026 -0.470 0.109 0.507 0.394 0.522 0.490 i}
FKBE 174 Moling-174 -2.227 1.122 2.327 0.282 0.716 1.000 0.470 m
JH/K4x %k Huanshui Jinzhu 1.015 -1.551 -1.334 0.606 0.175 0.211 0.469 m
Whi7K 4 Gushui Jinhui -0.411 -1.276 0.568 0.464 0.231 0.621 0.447 I
Je#R I E Longdu Baiyu 0.099 -1.265 -0.473 0.515 0.233 0.397 0.447 m
SR 5 FlE Quanxiang Gaofeng -1.223 0.557 -0.094 0.383 0.601 0.478 0.436 I
FKB5 176 Moling-176 -1.052 0.982 -1.010 0.400 0.687 0.281 0.432 m
FRBE 4% Moling Liibo -0.485 0.259 -1.375 0.456 0.541 0.202 0.432 I}
FRBETEHS Moling Qingsong -0.754 -0.268 -0.394 0.430 0.435 0.414 0.428 Il|
IR £ = Quanxiang Sanquan -1.973 0.230 0.927 0.308 0.535 0.698 0.409 I
HEDL Qunying -2.704 -1.193 1.601 0.235 0.248 0.844 0.332 \%
# e A Panlong Guise -2.595 -2.051 2.267 0.246 0.074 0.987 0.331 \Y
FKBE FI% Moling Chunbo -2.963 0.398 -0.910 0.209 0.569 0.303 0.287 I\
e #7 %5 Longdu Chunxue -2.791 -0.068 -2.314 0.226 0.475 0.000 0.235 I\
FHRMHE Qingtian Aogu -4.069 -0.081 -0.758 0.099 0.472 0.335 0.201 \%
FERFIFY Chunniang Shuyu -4.722 0.515 -1.017 0.033 0.593 0.279 0.170 \Y
KRB Huofenghuang -5.057 0.634 -0.926 0.000 0.617 0.299 0.155 \Y

D CI(1),CI(2),CI(3): AR 1 2 A 3 EA LR S T8 PR {E The comprehensive index values of the first, second, and third principal
components, respectively; U(1),U(2),U(3): ZBIA% 1.5 2 F5E 3 F 3R &8 REUE The subordinate function values of the first, second,

and third principal components, respectively; D: 551543 Comprehensive score.

GERKAE SRR D E 22 SRR, AR AR E L Dl 0.155 ~
0.843 , Hofr ¢ KRB 1 D /N, ERFETN 1
D {HI K, ARG A D, PR R S fk 4
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B | TR IBE” 6 S dh R, di LR 15.4% 5 1T 94
Fh B3 AR MR RE 1 R4, D AT 0.55~0.64 2 Jd]
LG TR AF 8 Al 5 ol 20.5% 5 T2
FhIFTE A MR BE S h 45 D {E A F 0.40~0.53 Z [H],
G RH S 55 18 A Fh, 5 HER 46.2% ; IV 4L
Tl 4785 A2 AR B 7 0 22, D {H 3% T0.40, £0 45 < BE
e SE T AR, N 17.9%

AR SEGAL GERK A i B AR I S8 AR i LB
Prasit(E s)RW: [0 V4 DFERRAE
SR AR LRSS TT R B N R, 4 DR,
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T ARALEAR R R e, I A F S AR FIAR B AR A
i, VAR 8 MR RIL BT8R Ak, 2253 B
Mréadi R W] . 1090 I 2% ] B SR LB R B2 57t 44
AN HK 2 AR SR K ALEARES [ AV
Pl 25 3 (P<0.05) 3 T 5V E LK T 9%
5 IV E BRI 2257 B35 VR R RIR K S
fib 3 A 25 S (8] B4 22 57 W3 5 4 S5 RI) A AR 805
RS IR S AR PR B 22 52 2 .25 T 4 2 4]
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Table 5 Comparison on root morphological indexes of different grades of traditional autumn chrysanthemum ( Chrysanthemum morifolium
Ramat.) cultivars (X+SE)"

sy BR/em SAREL R K /em BRI /em RBFEHEAY em? REHEY cm? RERE/mm EBHRAR cm?
- Total root Total root Average root The longest Root projected Root surface Root Total root
Grade .
length number length root length area area diameter volume
I 93.845+8.456a 35.528+2.000a  2.672+0.115a  6.065+0.526a  2.655+0.111a  8.340+0.349a  0.293+0.019a  0.061+0.004a
I 65.418+4.216b 22.609+1.476b  3.024£0.289a  5.985+0.552a  1.931x0.045b  6.066+0.143b  0.299+0.013a  0.046+0.002b
I 51.540+3.636b 21.433+1.512b  2.518+0.161ab  5.069+0.330a  1.393+0.060c  4.375+0.189¢  0.281+0.011a  0.030+0.001¢
v 13.880+3.546¢  8.809+2.532¢  1.777+0.445b  3.360+0.614b  0.381+0.076d  1.178+0.244d  0.275+0.019a  0.008+0.002d

D G0 7]/ INE FbE 28 78 76 [F) 46 4% 6] 2% 5 |8 3 ( P<0.05) Different lowercases in the same column indicate the significant ( P<0.05) differences

between different grades.
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