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Table 1. Mean values of diploid and polyploid variefies,
and results of variance analysis
a) July 21
Character Diploid varieties Polyploid varieties ~ ANOVA

HI TS HL DB Al KW x |[KWPAJP PLR MKP HLP x D P D-P

1) lw (g) 338 401 352 406 378 317 365 | 315 328 339 305 359 329 | ns ns =
2) 11 (cm) 48.7 56.0 46.6 539 54.7 48.4 51.7 | 42.4 43.7 444 440 475 444 | #xx ns  kxx
3) bl (cm) 27.1 28.2 24.4 265 260 254 263 | 237 243 25.1 243 26.8 24.8 * ok kekk
4) pl (cm) 217 278 222 27.4 287 23.0 251 | 187 195 193 197 20.8 19.6 | % ns sk
5) bwi (cm) 161 166 165 178 168 167 168 | 171 17.7 166 176 186 175! ns ns *
6) rw (g) 60 75 95 92 90 83 83| 8 8 9 77 8 84| = ns ns
7 12rw (g) 53 65 81 84 8 76 74| 78 77 81 70 76 76 * ns ns
8) rl (cm) 11.7 14.0 141 11.8 128 13.6 130 | 15.3 150 14.9 145 135 14.6 * NS kkk
9) max. rd (cm) 44 46 52 52 52 50 49| 50 49 50 48 49 49| #=* ns ns
10) min. rd (cm) 36 38 48 47 46 45 43 45 44 42 44 44 44| %= ns ns
11) 1/2 max. rd (cm) 19 22 23 23 22 22 22 19 18 21 19 19 19| ns ns =
12) 1/2min. rd {(cm) 14 16 16 17 17 16 16 1.3 14 15 14 15 14| ns ns *
13) tw (g) 410 490 456 513 484 426 463 | 414 421 440 396 457 426 ns ns ns
14) In 181 174 18.1 17.0 164 150 17.0| 149 13.1 154 13.7 133 14.1 ns ns kkx
15) brix (%) 10.6 10.8 10.3 10.5 109 108 10.7 | 10.8 10.2 104 105 110 106 | ns ns ns
16) pl/bl 0.80 0.99 091 1.03 1.11 091 094 | 0.74 0.80 0.77 0.81 0.78 0.79 | #*#x ns **x
17) rl/max. rd 265 3.04 271 2.26 246 270 2.64 | 374 3.04 2.99 3.00 2.76 2.96 * NS kkk

b) August 26
Character Diploid varieties Polyploid varieties ~ ANOVA

HI TS HL DB AJ KW X KWP AJP PLR MKP HLP x D P D-P

1) 1w (g) 680 774 729 745 758 761 741 | 717 759 683 747 800 741 | ns ns ns
2) 1l (cm) 64.5 70.2 645 69.2 71.7 632 672 | 58.1 60.6 594 60.3 67.8 61.2 Kok Rk
3) bl (cm) 273 282 251 287 269 251 269 | 246 258 251 254 273 256 | ns ns ns
4) pl (cm) 372 420 395 405 449 38.1 404 | 335 349 343 35.0 405 35.6 * NS kkk
5) bwi (cm) 16.8 16.7 16.1 17.4 158 154 164 | 158 169 158 164 177 165 | ns ns ns
6) rw (g) 154 246 280 281 248 286 249 | 279 292 280 298 263 282 * ns ns
7 1/2rw (g) 129 211 242 249 217 253 217 | 248 257 240 262 233 248 *  ns *
8) 1l (cm) 10.7 154 133 124 124 141 131 | 13.4 144 134 137 13.3 136 ¥ ns ns
9) max. rd (cm) 66 73 81 84 77 82 77 83 82 79 83 7.7 81 *t ns *
10) min. rd (cm) 55 59 73 76 68 72 67 72 71 70 73 69 7.1 | xx ns *
11) 1/2max. rd (cm)| 42 44 50 50 47 47 47| 46 47 50 51 46 48| ns ns ns
12) 1/2 min. rd (cm) 27 29 31 35 33 31 31 30 32 35 34 32 33| ns ns ns
13) tw (g) 890 1081 1094 1148 1069 1140 1070 | 1107 1126 1066 1132 1162 1119 | ns ns ns
14) In 24.0 220 23.6 226 220 26.1 234 21.4 21.7 21.1 223 19.7 21.2 ¥ N§  xEk
15) brix (%) 15.1 128 11.9 13.0 137 124 132 | 11.7 129 129 134 130 12.8 | *»* ns ns
16) pl/bl 1.36 153 158 1.41 1.67 152 151 ) 1.36 1.35 1.37 1.38 1.48 139 | ns ns ns
17) rl/max. rd 163 212 1.64 148 1.62 171 1.70 | 162 1.76 1.69 165 1.73 1.69 | *** ns ns
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Table 1. (continued)
c¢) October 14

Character Diploid varieties ~ Polyploid varieties ~ ANOVA

HI TS HL DB AJ KW x |[KWP AJP PLR MKP HLP x D P D-pP

1) 1w (g) 841 790 645 681 866 853 779, 728 865 826 920 914 851 | ns ns *

2y 1 (cm) 63.8 69.0 60.3 669 683 60.3 64.8 | 558 59.0 60.1 63.9 63.0 60.4 | sk x xxx

3) bl (cm) 251 255 216 258 243 241 244 | 243 252 260 281 265 260 * NS okk

4) pl (cm) 387 436 387 41.1 440 362 404 | 31.5 338 342 358 365 34.4 * NS ok

5) bwi (cm) 148 146 138 156 14.0 157 148 | 16.1 161 157 16.6 156 160 | ns ns ==

6) rw (g) 202 456 436 493 403 529 435 | 465 521 557 526 458 505 | ns ns %

7) 1/2rw (g) 256 380 383 423 364 464 378 | 409 458 492 456 411 445 *  ns *

8) rl {cm) 128 172 150 141 156 163 151 | 159 162 171 158 154 16.1 % ns *

9) max. rd {(cm) 85 86 92 98 86 104 92 93 101 100 96 97 97| *x ns *

10) min. rd (cm) 73 74 82 86 79 92 81 83 91 90 86 85 87kt ns *=*
11) 1/2max. rd (cm)| 52 61 62 68 58 67 61| 59 64 62 63 57 61| ns ns ns
12) 1/2 min. rd (cm) 33 39 39 48 41 43 41 39 43 41 44 36 41| ns ns ns
13) tw (g) 1209 1322 1164 1282 1345 1537 1310 | 1295 1521 1479 1547 1453 1459 | ns ns ns
14) In 33.0 270 262 238 29.0 303 282 | 228 258 22.7 246 243 240 | ns ns x*x
15) brix (%) 208 169 181 186 187 16.6 183 ) 17.3 179 16.7 181 184 17.7 | *%* ns ns
16) pl/bl 154 1.71 1.81 1.59 1.81 1.50 1.66 | 1.30 1.35 1.32 1.27 1.38 1.32 | ns ns x#*x
17) rl/max. rd 150 1.99 1.63 1.43 1.80 1.56 1.65| 1.71 1.61 1.71 164 1.59 1.65| **x ns ns

Note :

Symbols of characters; lw; leaf weight, 11; leaf length, bl; blade length, pl; petiole length,
bwi; blade width, rw; root weight, 1/2rw; root weight of upper part in cutting at half root
length, rl; root length, max. rd; maximum root diameter, min. rd; minimum root diameter,
tw; total weight, In; leaf number.

Symbols of varieties; HI; Hon-Iku No. 401, TS; Tsukisappu, HL; Hilleshsg st. kl., DB;
Dobrovicka A, AJ; AJ 4, KW ; KWS-E-super, KWP; KW polybeta, AJP; AJ poly 1, PLR;
Polyrave, MKP ; Monokuhn polyploid, HLP ; Hilleshég polyploid.

Analysis of variance (ANOVA); Dj; significance within group of diploid varieties, P ; signifi-
cance within group of polyploid varieties, D-P; significance between groups of diploid and
polyploid varieties.

*xx significant at 0.1% level. *x at 1% level.

+ at 59 level. ns non significant.
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Table 2. Factor structure obtained by principal component analysis and correlation
coefficients (rLr’s) between two composite variables showing leaf (L) and
root (R) growth obtained by group-principal axes method from correlation
matrices of diploid and polyploid varieties.
July 21 August 26 QOctober 14
Character Diploid Polyploid Diploid Polyploid Diploid Polyploid
I 11 I 11 I 11 1 11 1 1I I 1T
1) lw 4370 815 721 585 735 .347 693 695 | —.292 193 423 876
2) 1l 278 935 .980 182 212 947 952 193 | —.352 923 .348 927
3) bl —.462 870 931 336 | —.212 871 911 317 | —.096 .694 426 .836
4) pl 530 801 995 —.087 .395 734 .954 162 | —.401 834 .278 924
5) bwi 759 .369 806 —.479 | —.274 545 .820 547 602 118 234 .103
6) TW 966 —.231 —.326 910 980 —.103 —.834 432 937 .256 948 —.197
7 121w 980 —.164 —.251 873 984 —.100 -—.767 615 950 .199 941 —.197
8) rl 224 —.320 —.979 079 495 082 —.338 736 .363 463 639 —.619
9) max. rd 042 —.284 —.433 756 957 —.166 —.863 406 952 —.218 a79 —.062
10) min. rd 902 —.406 —.146 —.773 905 —.218 —.833 .343 941 —.201 864 —.229
11) 1/2 max. rd 930 —.056 —.064 .899 878 —.137 —.525 —.207 .965 179 870 —.237
12) 1/2 min. rd 956 233 745 563 .835 272 —.147 —.345 824 410 781 —.141
Eigenvalue 6.76 3.56 5.89 4.45 6.24 2.81 6.93 2.50 6.05 2.69 5.53 3.78
c.c. (%) 56.4 86.0 49.0 86.1 520 754 57.8 78.6 504 728 460 716
TLR 0.224 —0.095 0.151 —0.537 —0.214 0.125
Note: a) cumulative contribution

b) structure vector; 4z L (A; eigenvalue of k-th principal component, /s ; eigenvector
of #th character in 4-th principal component).

Symbols of characters as Table 1.
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Fig. 1. Structure vectors of leaf (L) and root (R) characters scattered in the

plane defined by the first (I) and second (II) principal component axes
extracted from correlation matrices of diploid and polyploid varieties
(symbols of characters as Table 1).
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Table 3. Variance (%) of each characters insize factor (first principal com-
ponent) and correlation coefficient (rLr) between two composite
variables (L and R) obtained from within-variety correlation
matrices (symbols of varieties and characters as Table 1).

a) July 21

Character HI TS HLDllgllgldAJ KW z KWP AJP Eﬁi{‘;&fﬁp HLP X
) lw 72 8 8 78 76 716 78 86 50 05 65 89 59
2) 1 15 43 0L 05 24 22 18 71 12 26 38 12 32
3) bl 08 36 22 03 23 26 2 74 42 63 19 47 49
4 pl 10 28 11 03 12 10 12 21 01 00 18 02 08
5 bwi 04 49 43 41 23 36 33 49 22 53 21 46 38
6) rw 8 8 56 8 8 77 79 8 89 83 92 90 88
7 12w 77 81 78 8 82 73 80 8 88 79 93 88 87
8 1l 29 00 03 13 06 00 09 27 20 01 3 23 21
9) max. rd 80 72 76 8 78 8 80 8 8 91 81 87 87
10) min. rd 60 82 74 82 76 8 176 8L 8 75 45 83 73
11) 1/2max.rd | 40 47 16 36 21 31 32 29 26 40 36 12 29
12) 1/2 min. rd 3 59 17 28 29 29 33 50 30 29 19 21 30
Variance (%) 43 55 40 46 45 46 46 62 46 45 47 50 50
LR 35 65 .38 .44 4T 42 45 8 .35 53 58 62 .57

b) August 26

Character HI TS HLDII%II(B)IdAJ KW % | KWP AJP 1131711}1/11\/1101?13 HLP &
D 1w 05 8 77 63 66 39 56 8 40 6 57 22 54
2 1 02 13 08 37 19 08 15 03 06 40 10 17 15
3) bl 07 3 19 59 13 04 22 19 16 23 19 oL 16
4 pl 0 Ol 00 0L 08 28 06 00 33 16 08 14 14
5) bwi 00 46 25 30 35 21 2% 30 43 41 27 14 31
6) rw 91 93 8 91 93 93 Ol 88 89 90 8 92 89
7N 121w 8 92 8 89 92 91 89 8% 9 8 8 91 87
8) 1l o0 20 12 20 42 18 19 46 03 07 02 13 14
9) max. rd 94 8 89 93 8L 86 88 89 90 89 92 84 89
10) min. rd 80 8 76 91 79 72 8l 8 8 8 76 9 8
1) 12max.td | 59 72 24 52 6l 67 56 32 97 55 59 43 53
12) 1/2min.td | 51 68 13 52 63 66 52 27 19 44 53 43 52
Variance (%) 40 58 43 56 54 49 50 50 56 53 48 44 50

LR 04 70 54 62 B2 —06 .39 31 —64 66 43 25 .20
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Table 3. (continued)
¢) October 14

Character HI TS HL Dgllso ldAJ KW X KWP AJP }Iifi{y%&% HLP X
) 1w 48 44 10 49 37 31 36 75 65 74 75 78 73
2) 1 32 03 01 4 00 Ol 13 47 22 43 13 03 26
3) bl 47 07 21 46 16 17 26 33 16 19 73 27 34
4 pl 09 01 04 08 06 07 06 12 12 21 00 06 10
5 bwi 19 06 30 4 02 04 18 2 42 00 37 30 27
6) rw 8 98 76 79 8 8 83 9 81 8 9% 89 87
7 121w 72 9 70 8 8 8l 8l 89 78 8 92 88 8
8 1L 0L 02 04 22 02 07 34 01 37 23 24 24
9) max. rd 71 93 14 82 8 75 10 75 83 8 84 91 84
10) min. rd 81 8 80 83 93 78 85 65 84 83 78 90 80
11) 1/2 max. rd 77 70 57 67 69 52 65 60 65 04 82 46 51
12) 1/2min. rd 68 70 46 55 72 4T 60 61 42 19 66 30 44
Variance (%) 51 48 34 54 47 40 46 56 49 46 60 50 52

rLR 45 21 —10 58 —07 .13 .20 65 50 57 56 58 57
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TREERIOFROERC I > THED BRI, A,
TABIXO8 BT, 254N ED size factor A5
LOWMOKEGELERS TRINLOEHL, FEE
T, B2ERS,TRENT, Larl, 10 TiXz
ORRITHE L, 2FEHRENE 2 XHS T, BEREAR

FENEE 1 TR TERFER size factor 2RI NI,

XLRE2ETR LA —TFEEBEC L THEEBE
NERHERE L AR ERF OMBEERE g 13, 215%
RESE LN E WEERR LEOER L,  SEEAE
BARECTRRAECADELR L, #-T, EK
GHH, SA—TFEBEOERNLL, 2B ERE LM
B MEOER R X CHERBE OB R AL TP
DIl Bic 22BAVE T 5 Z LR & hic,

ERFAHDREHE LR DM EL 0D X5 el
BREEHET S HETHD I b, AROWMKEF
BERTHBECOWCTERFIN TR - BeRsh
% size factor 13, ZEWHOLBCHBLRDELYE L5
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556, Bt 5 TH 3F TR ENT size factor ~DEE
BON#IL, WRIGHT®:) 2RI Is X OGETHTIT
X o T8 1z general size factor X - THXHIh5H
BOS#EaretinT s b0 EBbhb, Lo THEEG
D general size factor DIEBB~DH LT AT R
¥R 2 R X DSV, AEFHUE TS
ELIBLWETE D, BRBEEOSBIIHCANEL,
FlE LIRS THOBE LIS LIEESY b
BERT ZEDNB O ELD, BREBBORT, Hb
special size factor X o TKELSTBRENTNELD
EBbh 3y,
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BB, FA—TERMBC X > TrhZhma it
En 2 00AREE L-BF 8 I0 R-BFiL, #E s
JURMBPHE O LB MR FET 5220 group
size factor LRI TH D LEL DB D, rigik2D
D group size factor DHBEKOBRELZRTEE DI,
general size factor HIEM s X OVRSFHE T Sl e
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b, rp=1 0K, IR N LR BERS 2L
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FHEENTBZ ERRL, rp=0 ORI, B X
OB PELEL ML 2 204 ERT, HH 2250
group size factor WX o TCHERHENTWBZ LERL
T, Fihorp=—1 DR, ERE LCRBPE
B, =1 O LA EVCER A EBRTC L -
TEEREINTVBD, —HOBEHOERL, WhOW
BEEOAEEYHETHIBEGEAETAZ LR LTS,

=D X 57 general 38 X O group size factor DET
BE~NOFRBREOLAETHC I 2E (LR REHECE1
ERG~DEHBEDOGE, BLO 1 WXo TRLEE
3ERTIE, TARRT, 26508 & S5k HEOR
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T TSR RO MW E D general size factor
NDOSEB LY 1, 25, 2fEEMECHE L TAEL
H, METVHERZD T LB 2ROEM EEU Lok
BEmR LI,

JOLICOEURD I, Ry OIS II LT R E T Y
RERTEL, T HR MORISHIMA 55 35 X8 OKA
B9 L, KMOBEHERO I RS 5% InA
L, 74V 4 ) —BIV7u 2 b Y —kRTERMY
B Loy, rpp RERHER EREBERCST S 2
DOMEREOHNEREELTHERECLLDIBLD
tEzZ NS, FRED L NTAPL8 ARIEDF
P L B, 8 B2510 Aic A HAk Et
L, ¥, 7TH»L8 AADHRCEL L BiET,
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B HRENTFE Lotz b3 2 ki, general 8 X
O group size factor DIHEBRENET L LA CEHA
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55, .
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FE ORI Y, ERIHSWOBEL & hiT5
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L] E:2
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TEEBT L - CEB S CEFER L RRBERD
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DHE B L Mg, 8 Ax 510 Acfan Hillc
L, FCTA»LE R ADFRCEIL L M
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TARCRT HEREF LT AT OHNMBEFE &R
BOBREHERCL>TEHTHZ LERL, SEER
B HHEMER, RIREFEEFHRBD DERE A
TH b

5) ERDHWRTNCOBE~OHBIRACD
X5 BEREYMEBT L AETHL LD, L
DML ERBEOKEZXRTHT, b size factor &
ZIEENICER T BT LEHE OHELL, general
size factor D3I RTOFWBC B 8L 51 508
HWOEKETHHDELEEL BIB (WRIGHTY), X BHIT
i, SA—TEEEC I o THEREh 1 13, 2HE
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Summary

In order to evaluate the utility of the multivariate
analysis for the comparsion of the interrelationships
among the characters regarding diploid and poly-

ploid varieties of sugar beets, principal component
analysis (P.C. A.) and group-principal axes method
(G.P. A. method) were applied. Of these methods,
the latter was applied with the view of inducing
some agronomic interpretations from the correla-
tion between a set of characters representing the
leaf-size and that representing the root-size. The
experiment was conducted with six diploid varieties
and five polyploid varieties, and each character was
measured at July 21, August 26 and October 14. The
analysis of variance showed the statistical differ-
ences between diploid and polyploid groups con-
cerning the characters representing the shape of
leaf, and the growth pattern of leaf and root (Table
1). Of these characters, 12 characters were utilized
as the variables for P.C. A. and G.P. A. method.
The results obtained were as follows;

1) The first two principal components were ex-
tracted from each of the six correlation matrices
which were derived from the data of the above
mentioned two groups in each of three growing
stages. In July and August, the first principal
component of polyploid-group appeared to be in-
In October, the
component representing the size factor in diploid-

terpretable as the size factor.

group appeared to correspond to the second princi-
pal component. On the other hand, such factor
in polyploid-group appeared to the first principal
component.

Furthermore, the correlation coefficients (r;g’s)
between two sets of characters which represent
the leaf-size and the root-size respectively, were
obtained from the above mentioned correlation
matrices by G.P.A. method. The coefficients r; p’s
in diploid-group were constant at low level through
the respective growing stages, but in polyploid-
group, the r;p showed slightly higher negative
value in August as compared with those in other
growing stages.

2) The correlation coefficients r; .’s and the first
principal components indicating the size factors
were obtained from the within-variety correlation
matrices. The coefficients r;;’s of polyploid vari-
eties resulted to more positive values than those of
diploid varieties in October. In addition, in poly-
ploid varieties from the middle to the end of grow-
ing season, the contributions (variances) of leaf
characters to the size factors increased as the grow-
th developed as compared with diploid varieties
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(Table 3).

3) These facts were of interest in connection
with the fact that variance analyses in Table 1
showed that the more vigorous growth of polyploid
varieties were observed after the middle growing
stage as compared with that of diploid varieties.

4) The coefficients 1;’s of some varieties chan-
ged to positive drift from July to August, and then,
to negative drift from August to October. On the
other hand, those of other varieties showed the
quite reverse pattern; such as changing to negative
drift from July to August, then to positive drift
from August to October. These facts suggest that
the seasonal fluctuation of the interrelationships
between two sets of characters, that is one of them
concerned with the leaf-size and the other one with
the root-size, depend on the genetic base of differ-
ent varieties of sugar beet. Therefore, the statistics
of 1y, was of interest in connection with multiva-

riate relative growth and developmental genetics.

5) Principal component analysis was used to ex-
tract the common composite variables with maxi-
mum contribution (variance) to each characters in
a set of characters so the variances of each char-
acters in the principal component regarded as the
size factor might be corresponded to the portion
of the variance of each character determined by
general size factor suggested by WRIGHT (1932).
In addition, it seems probable that the correlation
coefficient r; obtained by G.P.A. method repre-
sented not only the multivariate relative growth
between two sets of characters, but also the degree
of the uniqueness of each of two group size factors
(leaf- and root-size factors) and also the general
effect of general size factor influencing on the grow-
th of leaf- and root-size.

Thus multivariate statistical technigues seemed
to be very efficient for the agronomic investigation
with respect to tne interrelationships among the
complexes of characters.



