HOKKAIDO UNIVERSITY

TAXKMEICE T2 EEZN, WRERENAEREICEY 220N -

EVEROBEEMED AT~ DEM

Title SAMGRICET 5 RHHTR
Author (s) =0H, FBS; MIYAURA, Kuniaki; &%, Hih fh
Citation LEBERFERFEAILE, 8(2), 110-117
Issue Date 1972-02-29
Doc URL https://hdl. handle.net/2115/11829
Type departmental bulletin paper

File Information

8(2)_p110-117. pdf

Hokkaido University Collection of Scholarly and Academic Papers :

HUSCAP




TAXMBCRET 2EEEN, BRERN
HEFHTER T A MEAIFR BN

— I ER OBIEE D5 HT S OERS B HTICH
B % AR RIBIGE —

BERAR - BA®ML - -WIIER
CiR:3 P T8 LOSNRS LIRS £
moB B
(kA v A 3 5098)

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

— Basic study on application of principal component analysis
for interrelationships among various characters —

Kuniaki Mi1vAuRA, Yoshiya SHIMAMOTO
and Sadaji Hosokawa

(Department at Agriculture, Faculty of Agriculture,
Hokkaido University)

Katsunobu KaTo

(Hokkaido National Agricultural Experiment Station)
Received Sept. 6, 1971

#®

WWEHEOBELZ5H T 584, 2 20EROM
BY, EURERIFETENTEE LUSKBAVBRTY
53, HPOWEMOBEELFER, Lrd, BEHN
CHEET HLEND HBHEE, TR L il
Hisv, SEEMY, BCERS S, FEETHE
BOTERIT X BF R\ THLILER O BRI 2
WTDGHANDOFE NI FE L LTt L>2dH
5, TONMAH, HCAMENERY DL TR
LWL, EFRFFFE VB, (BT 5
FEIEEOBEEC T, B, i, EREo
BB ERGTIF Y BRI L, bTnie
MORISHIMA 5% 2%, KFRDOBZHIEER DRIV £
DHEIGH LB 50T 8icw, £, TAERSE
WL, B LY AWWEHE ORESEORECER ST
PIREHE L e e s\ v B, AT, 4%

E ]

110

BRAT DS T BRITT2EM A BRTTERCIR U555,
HRE BT S ENTE AERG 5, TAE
kit A EWER OO SINCIGE L, 4HoLaR
20, MREFMIVEROCINEMEY L) SV, #PEM
OBSEMNRED X 5 HIBEERME LURINET R
T OEMEFNERCOWTHRE L

OB TR MY, BIREELBE RV
Fodbok i3 U E 40 E O HE RV R < RER
DEXFET D, i, AROHET TR ER
FBEFHEE L~ 2 TR THE - F2o

BM#EHE

R R, B1ERORL LS ER, B
S 0 3 % Hilleshog Standard kl., KWS-E, US
401, AJ3, AJ4, o X 5.5, Dobrovicka A, Dobro-
vicka C, AH 1928, AF 415 010 & TH %,
1967 AL KM B RS, BREIsE R ERBC T



E B AR 0 CARSEC KT 5 EEYL, BRENEEECHET B HHENHE 11

4 RIS THEERIE U, AT~ 2 B\ TG
HLi, 78, FBECHR- Tk, a0 15 Mk
%2 RO TH oo 7o, TIBIMEILES 23 (A)(B)
(©) wiBlF - 0 WETH B, 1)~31) DHEWEL, 77
BRIH D 8 AFHNCHING T, 32)~40) DFEFELL, 10 A
PRI ERERTIE L, 7, 15), 18), 19), 20), 25),
26), 27), 29), DAWEIIAT, fUid TliBERER

BB THRE LLBHCOWTERERTE Lic, 8) 3
HREL, BASEL P —2ATHHEICL - TRDI, F
72, 15) ZERAEIL, EWMOBIEC X - TRL, 18) B
fIEEY D AAEEY, BHElem DY —7 Y FIT Lo
7oe 21) BD.I. GESGERE) kx4 v v KB E RN X
D Wi, 10 BEEEA Uik OB AR TR LIz, 28)
PWC. GEMASRT b3, RRCERER»L

Table 1. Varietal means of six characters
July October
) Total Leaf Petiole Root Root Brix
Variety weight length angle weight length
(g) (cm) (degree) () {cm) (%)
Hill.D 592.8 489 59.0 551.5 155 19.6
KWS-E 565.3 50.8 542.6 145 19.5
Dob C? 617.0 54.8 47.8 495.1 14.6 20.7
Us 401 662.0 54.1 540.7 16.0 19.9
AJ 4 622.2 54.1 46.3 583.6 139 22,0
Dob A® 627.8 55.9 45.0 5759 13.0 19.3
H 1929 527.8 51.6 456.3 13.3 224
AJ 3 552.7 52.3 42.5 525.5 13.0 23.1
H 4019 501.8 51.0 394 348.5 12.2 24.1
Tsuki.® 615.3 54.1 694.5 16.6 20.7
1) Hilleshsg standard kl. 2) Dobrovicka C 3) Dobrovicka A
4) Hon-TIku 192 5) Hon-Iku 401 6) Tsukisappu
Table 2. Varietal correlation coefficients between characters
A
V.D.#®)
1) Total weight * 100
2) Top weight * .89 1.00
3) Crown weight ok 77 .57 1.00
4) Leaf length *k 64 72 48 1.00
5) Blade lenght * 45 61 .29 .87 1.00
6) Petiole length * 61 53 B2 71 .27 1.00
7) Blade width n.s. 45 45 50 55 .32 .61 1.00
8) Leaf area® * bS6 59 53 8 77 55 77 100
g) BladelengX . = x 58 67 59 84 77 54 84 92 100
10) Root weight I ok B9 27 64 06 —17 37 —06 .04 —.08 1.00
11) Root diameter T ** 47 08 73 04 -15 30 .13 .18 .06 .88 1.00
12) Root length I n.s. b4 50 25 04 —16 29 —01L .03 —.09 .68 .36 1.00
13) Brix I ¥ —61l —48 —56 —.17 .08 —46 .00 —.02 —.03 —84 —.64 —.75 1.00

a) varietal difference; * significant at 5% level

n.s. non-significant
b) measured on 5 recently matured leaves

** significant at 1% level



B
V.D.®
14) Leaf number ** 0 1.00
15) Petiole angle ** 49 1.00
16) Leaf leng./Blade leng. ns. —.06 .47 1.00
17) Blade leng./Blade wid. ns. —37 —.84 —63 100
18) Fresh leaf weight® ns. —.50 —-.53 —.28 .60 1.00
19) Dry leaf weight? ns. —32 —.24 —20 44 92 1.00
20) Dry lw./Fresh lLw. n.s. 32 50 08 —19 17 54 1.00
21) B.D.L.® *ok .36 .59 b4 —5B8 —.17 —.08 14  1.00
22) P.V.N.O ns. —.13 —.41 .05 48 19 11 —08 —.38 1.00
23) PWC® * 22 .20 68 —.21 .09 06 —11 62 —.13 1.00
24) R.B.D — =37 —62 —32 62 A7 18 —53 —.33 63 —.03 100
25) Stomata size n.s. 11 —36 13 36 02 —07 —-16 —.17 85 —.04 45 1.00
26) Stomata density * —14 .20 37 —37 —55 —.63 —41 .27 —.06 06 —.14 11 1.00
27) Chloroplast numberg) n.s. 38 —.28 —.15 30 —35 —49 —42 .06 42 —.07 .28 52 20 1.00
28) T-R ratio *ok 07 —69 —.63 44 01 —.21 —50 —.51 07 —61 .26 .24 .00 36 1.00
29) R.T.R.h) n.s. 44 64 —15 —39 —29 —.18 17 23 =21 -.16 .01 —.22 05 —15 —29 1.00
30) Root dia./Root leng. I * 18 26 —14 —02 —21 —.04 31 —47 —15 —.28 —34 —21 07 —.46 —.16 28 1.00
31) Forky root number * 04 —.17 24 —.05 34 29 —.02 28 —.28 51 —13 —08 —47 —19. 05 —42 —47 1.00
1) Total weight * 22 17 13 —12 —27 —32 —.30 31 —.33 60 —04 —19 —19 21 —.18 17 —.11 43
10) Root weight I ** 13 .65 59 —41 —24 —.07 27 51 —.09 71 —21 —16 —.06 —.08 —.88 .32 .10 .07
a) varietal difference; * significant at 5% level ** significant at 1% level n.s. non-significant
b) measured based on unit area ¢) dyeing index of blade d) vascular-bundle number of petiole

e)

water conductivity in petiole
in guard cell h) thickening ratio of root for 10 days

f) plant number showing bleeding in root/observed plants (incapable of variance analysis)
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V.D.2)

32) Root weight II * 1.00
33) 10 cm Root weight?) *ok 96 1.00
34) Root and Crown weight ok 98 97 1.00
35) Root diameter [1 *k 61 78 70 100
36) Root length II *k 68 56 70 .14 1.00
37) Brix II #* —59 —63 —68 —56 —.62 1.00
38) 10cm Root w./Root w. ** 58 —33 —47 25 —71 .23 100
39) Crown w./Root and Crown w. ** —61 —48 —43 —00 —29 .03 .67 1.00
40) Root dia./Root leng. II ** .20 0l —16 51 —78 .19 77 .27 1.00

a) varietal difference;
b) part of 10cm from topping phase
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* significant at 5% level

** gignificant at 1% level

Lical, ohb B — B EY R Ui, 7ok, 2H,
BEAPECLLEVCHBELY R LCER, 23) PW.C
EFRDBT) & 21) BDL GESREE) Thaa, &
DOEE, MESY PEM LIS CAEFTROREI LK
SBEORES L OBIE AR TS O L UTHEHKRE, o
FETIx, 15) EFAE 10) RE L o IEOHEB
B LIcHd, T 2 L3RR 10 S THER S O R
DMK HEER T & B LT 5 b 0 & B b,

(C) 213, IS (10 B) RlE X d o iy T a3
HWEAREN TV A, £FEEBCHETAWEL, BT
EDHMBEZRT A, BEHORECI LS /R 22
Ho 1o

PIE XM 0BT > TOMEBTHEZERL, ch
I In AT E CORBEMHE BRE~7 b

ROKRBEOE 2, #3, FAERS ¥ TORBEHFFR
B 3FCIR L, AHTCIL, FAXRS T TTESH
D T5% HHPTHEMNTE I, 2F D LFEHRD 25% O
BELES A, O RTOHFEX 4 RTTCH UE Z &
MWTEI, )

B 1ERSE, EHERYFTMERY, ChboWE
LIEOIEA T 23) PW.C. (ERRD LT #4 ED
BEAE~R2 brvaRL, ABBRCETSE L ADMHEIES
FH DS EHR (Brix) 28, AOBEBE~2 b vER
Lic, T0X2, £FE (K&X) 2R THENED
BVEE~Z v ERTELIERS Y, —BRCAEFRD
K& X HFHITHET, Bl size factor LWEA TV 5,

F2ERDL, WEROEFEYRTHELE, oh
> OHEE AoHEERT 15) HEWAE, 20) IEREw
BERADEEB 7 PV ERLI, ZOHNLE 2 XM
VL, M B OB BN AR top growth factor &\~ 5



114

A ERFERFRBUICE H8% H2F

HNTE B,

583 L, RO RTILENIEDEF ~ 7 b
W R LT BENLH 3EWML, root shape factor
EWD T ENTE D,

54 EEE,
By P WETRLUTCBDS,

14) R f, 40) REMREILOE

HERBEHED 10% &

S EBRC R, W R ERE R b

5726

10)
11)
12)
13)
14)
15)
16)
17)
18)
19)
20)

05 Lo L W W WoWw NN NN D NN
(2 NS I S SC IR I i = B (= T v SN B e R 9] | ﬁ W N
= X 2 22 Do D22

Table 3. Eigen values and eigen vectors of principal components
extracted, and cumulative contribution
Character Eigen vector

Total weight

Top weight

Crown weight

Leaf length

Blade length

Petiole length

Blade width

Leaf area

Blade leng.X Blade wid.
Root weight I

Root diameter I

Root length 1

Brix 1

Leaf number

Petiole angle

Leaf leng./Blade leng.
Blade leng./Blade wid.
Fresh leaf weight
Dry leaf weight

Dry. 1. w./Fresh 1. w.
B.D.I®

PV.N©O

PW.CO

R.B.®

Stomata size

Stomata density
Chloroplast number
T-R ratio

RTR.D

Root dia./Root leng. I
Forky root number
Root weight II

10 cm Root weight
Root and Crown weight
Root diameter 11
Root length II

Z
.24
.20
.20
d1
.03
17
.08
.10
.08
.24
.20
24

—.25
.03
A2
A2

—.10

—.05

—.04

—.02
17

—-.11
.23

—.04

—.10

—.03
.01

—.18
.06

—.06
.10
.26
27
27
22
21

Zy
13
21
10
.33
.32
18

- .21
.29
31

—.12

—.11

—.09
.06

—.15

—.26

—.19
22
.06

—.06

—.28

—.19
02

—.02
21
02

—-.03
.09
22

—.07

—.00
02
.02
.01
.04
.07

—.03

Z Z h3
03 —.08 84
—10 -4 79
17 —.02 54
03 09 94
—.02 07 79
08 07 59
20 —.23 39
13 —-02 74
13 —12 81
07 13 82
23 12 55
—16  —.06 74
04 —05 76
01 —.36 18
20 —.09 69
00 21 44
—17 12 49
—24 17 05
—.20 17 05
01 04 61
—09  —.10 62
—~.14 20 14
—09 21 66
—.15 08 35
—.14 13 13
15 05 01
—-12 —16 07
—06  —21 71
21 —.19 07
32 16 04
—21 —02 13
—.16 08 79
—.08 15 85
-10 07 88
15 24 59
—.14 -2 51

h§ h24&)
84 87
85 M
73 74
95 98
79 81
63 65
64 86
85 85
92 98
85 92
88 92
90 94
77 78
18 72
94 98
44 64
66 72
43 56
30 42
61 61
67 71
25 42
71 90
50 52
25 32
15 16
16 28
74 .92
35 50
71 82
41 42
96 99
89 99
94 96
73 98
63 90
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Eigen vector

Character
Z Zy Zs Zy h3 h3 A3
37) Brix 11 —.25 04 —.12 14 73 82 90
38) 10 cm Root w./Root w. —.10 .00 .30 19 12 71 87
39y Crown w./Root — 09 08 31 —09 15 75 79
and Crown w.
40) Root dia./Root leng. II —.04 .08 21 37 07 36 95
Eigen value 11.9 75 6.4 4.3
% Variance 29.8 48.6 64.6 75.4
1)~31) measured in summer
32)~40) measured at harvest
a) cumulative contribution (%) hi =2 (JaalwlP
k=1
A% ; eigen value of k-th principal component
l;z; eigen vector of i-th character in k-th principal component
b) dyeing index of blade «¢) vascular-bundle number of petiole
d) water conductivity in petiole e) plant number showing bleeding in root per observed

plants f)

Zy

a3 Top size

characters

Root size
characters

8)

Fig. 1. Vectorial representation of principal

component matrix.
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Fig. 2. Diagram of relationship among

plant size characters.
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Summary

In this paper, principal component analysis (P.C.
A)) was applied for the purpose of unifying the
interrelationships among the various characters in
sugar-beet varieties.

Forty physiological and morphological characters
of 10 varieties were measured at mid growing sea-
son and at the harvest in 1967. The correlation
matrix of these 40 characters was utilized for
P.C.A.. Thirty, 19, 16 and 10 percent of the total
variation of 40 characters was accounted for by
the first four principal components respectively;
hence more than 75 percent of the total variance
could be extracted by these four principal compo-
nents. Especially morphological characters could
be sufficiently explained by the first, second and
third component as follows.

In the case of the first principal component, the
characters concerned with the “size” of vegetative
characters of a plant, such as total weight, leaf
length, root diameter and so on, made great con-
tribution to the first principal component and the
second principal component appeared to correspond
to the “top growth”, and the third to the “root
growth”.

Furthermore representing the vectors of the
plant-size characters in the plane defined by the
first and second principal component axes, it was
considered that those vectors pointed in the direc-
tion of positive first principal component. At the
outside of the angle (about a right angle) between
the vectors of leaf and root size characters, the
vectors of other plant-size characters, such as crown
weight, did never existed (Fig. 2.).

The need of separation of the physiological and
cytological characters from the morphological char-

acters has been emphasized in the discussion.



