#7) HOKKAIDO UNIVERSITY

; JOdddbooooooooboooooooobo0ooob0ooobO o0 ;oo UoooboUoOoooboo
Title
oOoooono
Author(s) 00,00;00,00;00,00
Citation 0oooooooooog,s(3),277-288
Issue Date 1972-06-30
Doc URL http://hdl.handle.net/2115/11838
Type bulletin (article)

File Information

8(3)_p277-288.pdf

°

Instructions for use

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP



https://eprints.lib.hokudai.ac.jp/dspace/about.en.jsp

TARBBEBCS T 24ABFHN, HREEN

AE R B T

it o o AR 47

— d B A O R AT N BT % SR AR —

B AR BEBE - BIIER
(EMEA K B T3 (D )

Statistical analysis on the physiological and morphological
characters of sugar-beet varieties

— Basic study on application of principal component
analysis for classification of sugar-beet varieties —

Kuniaki Mivaura, Chikahiro Tsupa and Sadaji Hosokawa

(Depertment of Agriculture, Faculty of Agriculture,
Hokkaido University, Sapporo, Japan)

Received November 30, 1971

%

RO BB MTRED b2 h Zh o rh b
OHEDOREGR AL, FEMOER, BESTHE
ORFFOFROEREHOWRCLETHD &L LI,
BEEHR YN ERTRCEE AN 2 5 2
b, MEOBIN, HEROERTELERT X HEHHE
CEoTHHABRETIL ) D8, TAKED X 5 nflifl
PR LT B — TS D\ UL PR e & B o L A%
%, YEOWHEC L - TENT2EABBELBELS
Vo R T, HHOMED KRBT LIRS
BERINWDA, EEEFEINICO X5 B
G TH D,

EYHBFET ST, ERORFEIHEOTEN—
FxRIETHLDEEIEPI ARDhOD0HD, B
CHEEEFIC X s REM L, ETHEHOERC L
DEEOFM R RrN, ETETRRERLIS>ELT
b o RS o W TS E R L Ll disn s,
MORISHIMA and OKA? 234 2 BORMHECRT5
WaIGA Lfinid b, —RCIELERERLERES TS
WL, SEEMTOFTH BN E BN YRR o
BB ORDERSHTEEA Lcfirng L, EALY
HEHLAHZ LT, HRBY HAVNET, BHLY ES
BCHEEH RN, S, LB KM THEFNR

g

277

Wb, ThERBEOREE LR Uiy, RS TH
BREOBEOBRENENCE N FR - EXR
BT\ b,

TO XD RERS A ITNLEEOR A B ORFCRE
HEDOBEGROKEMLESCTHN, —HTIETOM
BEHELELRD LR B, Bl i, HEo & v, RS
OEHERR, RS EOCR I B 2 B A ED RHT
HETHBHN, ZhBE2TTaREREN L ShicliE
A TE,

T, DX SR DARIT, chbDORER
EOWTE LIEBEYED, SHOEYHE ETBEYOS
B ADERDSAHTIGHO I OB MBELILKTAE
YERBNE LTG5, KBONRFY TH D TAEIL,
FEMEIEY Td b REAERI A Z S KBRMED DD
SEOFAEMERLEL L, AkcHERZI EBCK
LMEER LSRG HEVHETH D, Tl 2EEFHDOL
HPEHENRE SN SE, PHEPEEL R TRE)N S
WHERZ X S TTARETIMEDHENAEIE S T
{, TRETRERIDNC X BEANHESEY KR
BT » oG 1370 <, T hicEE BY 23D
BRI HAND DT EL . £ TABTIE, TA
F TR B MRS EA~DO R DR 2 AR
TR A BLELTRENDO DL LT3, —f#i, T
AEREECBE U CIEMRAFER D, REBE LT



278 EERFRFERALNE #8% £35

RER P RER S, INEICE LR ER ES R
X o TRHEOBEEFNITAIENS L, LirL, §l
O < PR Y RTRESSVH, Zh LD
E\ IO &3 2 DRI WESES OREEE OB RE
HEAL, RHEMCIBETZHELEE LV, %2 THR#H
T, FRCRBOHEMECRE L, BREOEARR & INE
OEENEREHCED I S KARINBEIEREL, &
NE X - THRBOBENE AR, ¥, RESEOHE
EERETaene, HECTETSRRES I (i
SERFEEERMABES) CHARAE I (BhaltmEs
BB 02 o0RRESYHAL, IoRABCH
S THEOBENRED LSBT rne BT 5 1
B, AFFEE (7F) LMEY (10 7) 0 2004 BRI
CEWTHRESEY T o7,

7ok, AP BT HTRTOFETI AR E 2
B~ CB VT bDTH 5B,

MHRUAE

SRR, BROVEROIRECER DS LB
% Zwanesse III (LAF Zwan. £33%,), AJ 4, Dip-
pes noro (LAF Dippes &3%,), KWS-E, KWS-CR,

KWS-E-Super (AT KWS-E-S £33%,), Klein Z, -
E&o48 (WUF Tsuki. &342,) AF 1925, £F 401
2 (LUFEh#Fh H192, H401 332 ,), Dobrovicka
A, Dobrovicka C (LI F Dob A, Dob C &32%,) US
401, Hilleshég standard ki, (LLF Hill. £4%,) Alba
NAR2E LUFG2LT%,)D 16 HETHS, 1968
Fr AR I dtipE XA RES) RORRE 1T (BH%
YA EBREARYE) O 2 NPT 2 REVBERE L
oo ABEFER. ABRA L TXBE, B2 BRoER
A2em P ERIEXLEHY>ETORE UITHIZERE
L35, BAAHEE AT Brix L350 £y oy
HLh W0em 2 CcoOHEE (UT 0cm BELT2,) O
B LTS HELIE Lic. RBRE L T, k3
BEHKEDS L 0cm HEXKRIABHELTAL 108
O 2 EIRE L, TeksmE i ARE L 38E 11 £ i,
£ il 16~20 [tk % 2 REBERE L.

FERRU RS

1. HBRE1CHIIREHE
Table 1 13, M OSHEELBEL 10cm BE, ROR
ELRROMEMNOBFRE TR THEOH THECET 54

Table 1. Varietal means (Experimental field 1))

Variety RW9  RDD  RLw  Brix 00 gidem - RLRD
() (cm) (cm) (%) (8
A) Zwan.®) 629 9.36 18.5 17.0 521 0.846 1.980
B) AJ 4 520 9.65 14.0 18.4 478 0.929 1.461
C) Dippes? 470 9.47 13.9 18.1 435 0.932 1.493
D) KWS-E 514 9.73 14.3 17.2 484 0.945 1472
E) KWS-CR 482 9.34 15.3 18.3 432 0.906 1.653
F) KWS-E-Se) 499 9.68 13.7 17.0 468 0.949 1.422
G) Klein Z 410 9.88 13.3 19.9 391 0.952 1.516
H) Tsuki® 564 9.04 174 16.5 481 0.863 1.947
I) H 192e) 551 9.46 17.9 18.7 477 0.847 1.895
J) H 401D 336 8.33 12.2 20.3 313 0.952 1479
K) Dob As) 582 10.23 13.9 16.0 536 0.937 1.373
L) Dob Cw 509 9.59 139 19.1 470 0.932 1.455
M) US 401 487 8.99 17.0 175 426 0.879 1.903
N) Hill.b 488 9.54 13.8 17.2 468 0.950 1.456
O) Alba N 420 9.02 14.0 18.2 397 0.946 1.559
Py G-2i 474 8.82 15.7 175 419 0.893 1.805
a) Zwanesse I1I b) Dippes noro c) KWS-E-Super d) Tsukisappu

e) Hon-Tku 192 f) Hon-Iku 401 g)
i) Hilleshog standard kl. j) Gosei 2

Dobrovicka A h) Dobrovicka C
k) root weight 1) root diameter

m) root length n) part of 10cm from topping phase
o) Experimental field of Hokkaido Univ. Agr. Fac.
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Table 2. Variance analysis (Experimental field I)
source of - 10 cm
variance d.f. RW RD RL Brix 10cm RW RW/RW RL/RD
Varieties 15 9898.41%% (0.4146%*  6.7373%*  2.7712** 5914.33*  0.0030** 0.090714**
Replications 1 297159 0.2700 7.6638*%*  0.0140 1143.00  0.0006  0.158023**
Error 15 2806.05  0.1084 0.6996 0.2114 1663.87  0.0004  0.006610

Fok *

significant at 1% level

significant at 5% level

Table 3. Correlation coefficients (Experimental field I)

characters RW RD RL Brix 10cmRW R{,?,/Cénw RL/RD
RW 1.000
RD .666** 1.000
RL 673 — 014 1.000
Brix —.715%*  — 556* —.395 1.000
lQ cm RW 951 ** .846%* 441 — . 740** 1.000
10 cm RW/RW —.607* 102 —.973*x* .268 —.348 1.000
RL/RD .394 —.364 934**%  —.196 116 —.94]1%* 1.000

**  significant at 1% level * significant at 5% level
BEOFEHEL R LT 5, ¥ Table 2 T3 £HEC BEIECTEOHBI%ZRL, Brix 3thbe /DM
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Table 4. Eigen values, eigen vectors and structure vectors extracted from
principal components, and rotated vectors (Experimental field I)
character Eigen vector Structure vector?®) Rotated vector?)
A Zy Z Zy F F, h3®
RW 468 175 945 272 870 —.459 97
RD 224 548 453 .852 917 .300 .93
RL 426 —.320 .861 —.497 276 —.955 99
Brix —.356 —.259 —.719 —.402 —.797 .209 .68
10 cm RW 408 .349 825 543 971 —.181 .98
10 cm RW/RW —.393 374 —.795 581 —.170 970 97
RL/RD 320 —.488 647 —.758 —.061 —.993 .99
Eigen value 4.09 2.42
% variance 58 35

a) structure vector; 2zl

A%z ; eigen value of k-th principal component
lix; eigen vector of i-th character in k-th principal component

b) after varimax rotation

2
c) cumulative contribution; A% =kZ_,'1R (Zr, x:)?

R(Zr, zs); structure vector
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vectors.
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Fig. 2. a. Scatter diagram of varietal scores weighted by

structure vectors (Experimental field I).
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Scatter diagram of varietal scores weighted by rotated

vectors (Experimental field I).
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Table 5. Varietal means (Experimental field 11)») -
) July October
variety RW RD RL Brix g pp| RW RD  RL Brix prpp
(g) (cm) (em) (%) () (em) (em) (%)
A) Zwan. 131 5.62 119 11.3 2131 602 10.09 150 20.2 1.501
B) AJ 4 121 5.64 9.9 12.2 1.768 560 10.64 134 227 1.273
C) Dippes 120 547 11.1 12.0 2.043 511 10.39 134 22.3 1.296
D) KWS-E 134 5.67 10.6 113 1.885 601 10.71 135 20.6 1.269
E) KWS-CR 120 5.50 11.9 12.2 2191 493 9.97 13.3 22,6 1.334
F) KWS-E-S 166 6.18 11.8 11.3 1.935 609 10.89 13.6 20.9 1.259
G) Klein Z 120 5.41 11.1 125 2.058 420 9.43 12.6 24.4 1.307
H) Tsuki. 113 5.10 11.8 11.6 2.322 593 945 173 20.6 1.847
1) H192 102 4.90 11.3 12.2 2.330 516 9.68 15.2 221 1.587
J) H401 83 4.85 9.2 13.2 1.902 383 9.19 113 24.2 1.243
K) Dob A 134 5.96 101 11.4 1.713 675 11.34 14.1 19.8 1.261
L) Dob C 118 5.82 10.4 119 1.819 573 10.79 13.3 224 1.245
M) US 401 98 497 9.7 11.6 1.993 520 9.47 15.3 211 1.639
N) Hill. 132 5.85 11.5 10.8 1977 591 10.51 140 20.9 1.341
0O) Alba N~ 104 5.15 10.7 11.3 2116 457 9.88 12.3 21.4 1.257
P) G-2 110 5.14 11.4 127 2.229 525 9.58 15.4 21.5 1.624
a) Hokkaido national agricultural experiment station
Table 6. Variance analysis (Experimental field II)

source of variance d.f. RW RD RL Brix RL/RD
(A) July

Varieties .15 717.792%* 0.3217** 1.4190%* 0.8021** 0.06986**

Replications 1 2048.000** 0.9800** 2.1425 5.8825%* 0.01390

Error 15 129.270 0.0597 0.4961 0.1703 0.01546
(B) October

Varieties 15 11699.500** 0.8197%* 4.1797*%%  3,5392%%* 0.06939**

Replications 1 569.750 0.0956 0.3200 0.1055 0.00133

Error 15 2119.650 0.1697 0.3360 0.2439 0.00377

**  gignificant at 1% level *

significant at 5% level

FHEEERL T %, TAE10 o 2onEEEOH
CiEkEmER ot THEI0 B0 20T
e onwt, FREhERSSIEIT, Hfio X5
CTHEE~N Y bvERD, BEAMEL & bic Table 8 iR
L7,

7RI, B2ERSETORHI Bz LMD 88%,
10 At 95% %R L, BEHHE & 5 ks 1, 5
QXM EEGETIVECRMT S LD TERLT

ReBiF 28 1 £, BE, BEMNE, Brix 2380
KEVLNRY MVERL, 82 ERORRE, BEMEN
EDKEWRY pVE R LI, 2, Bl ki 5,359
Yy ) AEEHD F, F, LA—AEYTTLOTHD,
EE 2 DDXRSHNY vy 7 Z[EEET B & Table 8
D3, 4FNCRENT X 5, BENEIZE—FK L. =
DFL, T AHVCTRE, BRE HETCHBRITEY
R EVE D,
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Table 7. Correlation coefficients (Experimental field II)

characters RW RD RL Brix RL/RD
RW 1.000 907 492 —.604% -—.293
RD 747k 1.000 .246 —.562* — .576%
RL .523* —.130 1.000 —.328 .646%*
Brix — .833%x* —.455 —.598* 1.000 146
RL/RD 112 —.549% .89g** —.314 .1000

Above the diagonal: July Below the diagonal: October

*k  significant at 1% level

*  gsignificant at 5% level

Table 8.  Structure vectors and rotated vectors (Experimental field II)
July October
characters Structure Rotated Structure Rotated
vector vector vector vector
Z Zy R F % Zy F Fy
RW .956 092 958 .065 890 —.425 970 .180
RD 947 —.208 941 —.235 395 —.901 850 —.496
RL —.408 .892 433 .880 .825 538 .350 921
Brix —760 —.139 —764 -—.118 —911 170 —.837 —.399
RL/RD —.393 917 —-367 928 524 849  —.076 .995
Eigen value 271 1.71 2.73 2.03
% variance 54 34 55 41
10 BTy, #1ERaIRE, HEMNE, Brix 4 Fgfeeee size, {HE & & A

DRKEVRY PERL, F2ERPIBEIA BE/
BENEDRY VAR Lic, ZHITHIEHORBRE I
BT HEEMOERFIDONE L —FK L, BiEELRD
BRHERB oI, £ TN 7 v 7 AEER T2,
FHLVCAFRTAOERS ERA—NE T oTe, 20X
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BEERBOBEER 7 v D ], F, ORfERa7%R
L, 7H% Fig. 3, 10 A% Fig. 4 A Lizs 7TH
3, 10 X b BEEOSBHINE L, HREOBEIIEE
THolehd, I TRALIML 7, F, DR3 7 DK
CXoTERD X516 AR L.

AR B1E, BRELIIERRPAELI T ANER

T 5k

BEE- BRI RIS

CH#f-- RIS size D/NI

D RERNEE

Eff 2R ZEAEE

WORERCTHARICRD & 5w 6 GEFckT2
ZEMNTEL,
AR ZLWEERRE
A'Bp B, BELLRPRAEL, NI ADE
hi-#&
Bt LVRERGE
CR- B LKL size DI
DR ABSELL LT B AL, size VRGBT
hE
Fge-- 3, size & b bR
TH, 10 AD 2 oD ABRIC B 5 HEEL hEA
CERS AW E o0, 7H, 10 AORFAIT
DANOHBALTE o\ A, BEHRD Fi, F, ORTH
BB LT b, SEEOMMIBIED i, %
MEOEEOB LB T2EHIITEL LD EEZ 2 bR
To KON T A L 10 B O TIRIEELL k2
255 b, Hill, KWS-E-S, Tsuki, US 401,

Klein Z o& Rz 7H L 10 Aims\ T Bico Bl
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BB Lz, BESHFR TH B, Hill, KWS-E-S 12,
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BB LICHS, 10 BCihE F e db L. R
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Scatter diagram of varietal scores weighted by rotated

vectors (July, Experimental field II).
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Fig. 4.

Scatter diagram of varietal scores weighted by rotated

vectors (October, Experimental field II).
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Summary *

This report is one of the investigations conducted
for the reasonable classification of sugar-beet vari-
eties by means of principal compénent analysis
(P.C.A)).

Sixteen varieties were grown in two locations and
two growing stages, and five or seven characters in
tap root showing the statistically significant differ-
ence were used as variables in this analysis.

As occasionally resulted in the application of
P.C.A. method in biology, it was impossible to ob-
tain the satisfactory set of refernce axes for bio-
logical interpretation, but varimax rotation was ef-
fective to obtain the simplified structure for the
said purpose. Furthermore, this method made it
possible to give the common biological interpreta-
tion to the components obtained in different Joca-
tions and growing stages, and to represent each
variety on the similar relative locations in each
scatter diagram.

Varieties were classified into four major groups
by this method, and scattered along the two lines
designated as « and 3, which represented the root
growing pattern. Moreover, the variation between
these groups detected along the lines became con-
spicuos as the growth proceeded.



