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Fig. 1. Distance between rings at the inner

five parts in Sugar Beet group.

FH~HEEFC BN, OEREREY bay & L
Too Fhe, UV IHEEMEERELC O AV
7z, Central core mHEFD U v 7{ElE 4, P
DY v /REEE LTS ER Ty v/ HEA R
> T EERERIELR S (Fig.l), fHxo
W TORIRRE D » T bmy & L1,
REREERCETSRNE L LT, RT3
HE, BN C2EEY Th TnROBT L TE,
ENREEEE RN (V.D.V) 17,

vDvV.= 2
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BL o, —HoOETEROEM CHIE SR
ENRMIBE S O MRS, m X IENRRI I O i 1E
TH D, Tinhb, ERMEERERE VDV
—HOEC OV COERMBESOERAER TEDL
M B,
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Agy DIEXEENSH 5O CEMEH LT FHR
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EEOEERE V) i,

'S, —02S,
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BL, S REEDOREEHFA, bIxEROBR

TREC CERGEE), Se 2122510 (70119 T

DEFEOFFHR, n ik, EURHEROFECHG
LDRICHEHTH B,
BHDY v 7B OFE &M (Vi) 12

Viwy =4 S, — b5,

By, Spixy v 7BEoORERM, 6wy v/
EOERGRE (Vv 7TEEELR), S 321sb5
¥ COEFROFEHFTH B, “OBEn—2 T
o oteDik, TXT5EDY v 7iige >
WTDELTI DT, FEEEL DT X
i,

BEOTHBRME (Aw)

@L,%kmﬁ&@%m,¢ﬁﬁm6ﬁwmm
FELIHEDOETH D, ARLRETE2xDEY
WEL, TOME L » THBOHERE L Lk,

HBAFREBE FHET 2, fFHEL, |E L Brix
SRR Uiy v,

FERLERoGERMEL, £RER (it
2 12 5L fE) T +0.979, Sugar beet T (IbFEH v —
b8 TH098 v TR LFFEHEVED
HE A« EABEOhADT, BREZ L - THRE &
L7z,

WHEREY R THEEE LT
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R L2 RE0RMMEORE I L O T
fitia Table Lz Ute,

Table 1 /R L 7o fH v, 3EHB L ik 1 A&
LhH 10D 10 FHEOFHETH D, KWL 10 A
hoFHETH 5,

L EREEEY Y IHEEERE

BV v /MEELLELR L THE L LT
bry, EREELEHLTUE &L Tbu DfE%R
Table 2 R L1,

by OfEL 10 FEDFHETH D, br) DEIL
FOENBREB EEROFACE 4RO b D
2 DEHRDT2D T, 10 FEEEET 0D & o>
FHETH D,

Sugar beet #£-CH % Table 2 » LD 8 L
Fodder beet #£ T Hepf D 3 fifik L U, Table
beet DRI  BNTIEREE by R TH 5.
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Table 1. Average values of quantitative characters
Leaf Blade Blade Root Brix Sugar  Number _ Short Long
Length Length Width Weight Yield ] Diameter Diameter
em)  fem)  fem) g (%) [ndex OfRinEs ) em)
D-2 418 235 11.1 662 19.2 4.09 8.1 9.24 104
P 15007 39.1 20.8 10.6 523 21.6 4.02 8.1 8.25 9.5
M. K. 344 18.3 9.8 557 217 4,07 8.0 8.24 9.3
H-401 41.3 240 11.1 510 19.6 3.96 8.6 8.16 9.8
C. K. 35.0 17.1 8.6 565 20.3 4.02 9.0 8.26 9.6
H. G. 389 18.1 94 677 20.2 4.09 9.2 10.08 10.9
ES5 425 20.6 94 582 20.5 4.05 7.9 7.13 9.2
K. W. E. 339 18.6 9.6 789 19.9 418 8.9 10.33 116
H. S. R 31.8 17.9 10.7 1135 12.9 414 6.8 12.07 126
M. T. 374 21.8 11.3 817 85 3.83 5.6 9.60 10.8
S. M. 35.9 20.3 10.9 1150 10.1 4.05 5.6 10.98 11.0
D. D. R. 21.6 13.6 5.5 576 8.9 3.69 6.3 10.86 11.9
Table 2. Average values of &y and Table 3. Analysis of variances for rate
br) characters of leaf growth b(r; and rate of
distance between rings b(r).
by (cm) bw) (mm)
d.f. b(L) mean b(r) squares
D-2 2.15 157 - -
P 15007 208 1.43 Bn. Varieties 11 0.815%* 3.656%*
M. K. 231 1.26 Bn. Group 2175 15.938**
H-401 1.93 1.76 Wn. Group 0.513 1.343
C. K 219 1.75 Bn. Plant 108 0.200 0.343
H. G. 161 1.38 **  gignificant at the 1% level.
E5 2.11 1.58 .
K. W.E. 1.79 1.37 oy v 7HELY, HTLIEI b,
H. S. R. 171 2.40 bwy % Sugar beet T TH 5 &, by N—FKE
M. T. 1.59 1.49 MK. B—FE iz L T b, D=2k b,
S. M. 1.97 2.84 bry & HPEIOMEERL TV, VvV /7HREEL
D.D.R. S 256 K bm LEREE bw L2V THESHT % 17 7¢

[@ U Sugar beet W Ch, KWE. (33EF /&
S, MK A E -, &0 X 51 Sugar beet
R CLEREE by LT, MERZR,SR
bhd, B co Yy v /B {L#EX, Sugar beet
BHAIEE L <, HSR.,, SM. © Fodder beet #f
KL DDR FFECEHMELRL TS, 3
DO bay & bw OBRII LU TH
B, Tibb boy OECRERIL ba HMEL,

M.T. 2GS T bey OEN AL S AL
YED -7, = ofEE, oY v 7 HESA

STekE BT Table 3R L7z,
by, bw) &b MEMOERRFEIHMCEE T
»5, 3o0RmEHEOERE, by TEEET
BHEMN, by K 2OVTIRHERL XL, L
L, 5% K¥ECTEE LI EN % F-HLZERF
O F-EXELR, ZOIEEREELY VY
IRMEZ LRI S\ GRENLE RAFEEL T LT
WhborEZLIS,
2. REAREH
EHCEATAIRBEARE®RORE L LT, VD.
V., A, Vw, OFifE% Tabled ITRLT,
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Table 4. Average values of foliar
instabilities

V.DV. Ay Vi

D-2 38.8 371 1.56.
P 15007 39.0 421 176
M. K. 426 384 153
H-401 3738 5.30 1.32
C. K. 39.0 466 152
H. G. 376 450 155
ES5 39.0 446 1.60
K. W.E. 448 474 1.05
H. S. R 353 447 145
M. T. 386 482 1.33
S. M. _ 39.3 404 173
D.D. R. 30.3 6.09 1.40

V.D.V. 11002 (1 {fE{& 10 3 T 10 i) 0 FHs
fE, Aw, V13 10 BEoFEETH 5,

VIDV. DR EZ T Sugar beet #£(3 Fodder
beet HE X v B EEX L, Awy ODRE T, #ic
Sugar beet #%£7% Fodder beet Ff X D {E\ xR L
7z, Sugar beet W TALFHIEEh T3 D-2
& H-4011x, V.D.V. B L CTikhElofEE R L
TWBDOENL, Aw ORETE H-40L 23855
DIEENLEERLYTL, D2 3R EORETILE
T bbb EARRLEL -T2 2 ERRL
Tw3, ¥l MK ORERLEER L, VDV. o
RETHEECEHL, 4w ORE TIFEFITEEL
ALTwb, KWE ix VDV. & Vy, O HD
RE TRERLEEN B, EFO3IHEORER
LEMDORE OGBS Fa 1778 - 1o fEF i1 Table
51T,

Table 5. Analysis of variances for foliar
complex characters

45

MATURE LEAF YOUNG LEAF

Fig. 2. Variation of vein distance variability
at each leaf size.

VD.V. & Aw LGB THANCHEE TH -
72, ¥ 7z Sugar beet B, Fodder beet #, Table
beet DEELFHECER L ZLDDBRE, Vo
IREEERCH L THEFMZE Ry FEF TR
<, RERcEBREY RGBT encEion
of:.;

HENRMEFEEERE (VDV) o TEDOKRE
S EER) X - TI0MDEY S B, £«
DEDOKE XORFEE TOL (L BELL, &
10 @k E{HEA 7 = » + LTH B L Fig.2o
L o5wins,

I AREVE, ThbbREOEALEET, V
P—BRAETHD, HAORFEBCL T
RELSET HREL HAUL, HEHELODV
Wi b A b s, MK I IcES2H D, D-
2, CK.,, P15007 i1 IV & THREAREEMNE <
7eh, VTR ABbRSE, HG, KWE.
ERBBHES DL, T E IV ICEES, S D,

Table 6. Analysis of variances for vein
distance variability.

Source df. V.Dr.r\l/velan quu(in;es Ve ,. - source df. | mean squares F-values
Bn. Var. 11 93.41*%*  0.2300** 0.3803 Variety 11 93.310 7723%*
Bn. Group ’ 304.73**  0.6442*  0.0464 Position 4 16.045 1.328
Wn. Group 9 46.44 0.1380 0.4546 V.xP. 44 12.082 2.312%*

Bn. Plant 108 1470 01079  0.3749 Error 60 . 5225

*  Significant at the 5% level.
**  Significant at the 1% level.

**  Significant at the 1% level.



Ol £ & Vo2 aficBard b, ESit
I wEEAH D, T, MT. 31T THEFIE
g »Tiu %, Fodder beet PHi¥, HEBMIC X
5 VDV, 0FfBKE WHABALADRD, IO
IO RBEERTEM - OMEMFAR AL,
S M DE5EI1T Table 6 1R L7z,
fmEERE L Table 5 O EEG T 2B LB H A
DX HTHIAWCEE TH o7, BORFHRME
L AL ES Tlileh o7, LA L
L EORNE S LOMEFEME, HACHET
B otc, ThbbBEDMENFEEDRTBRME T
EE S FEERRERA TR LTS,

Table 7. Average values of root
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Table 8. Analysis of variances for leaf
length variability V(v).

source d.f. mean squares F-values
Bn. Varieties 11 79.722 7.149**
Bn. Group 2 380.196 21.314%*
Wn. Group 9 12,949
Bn. Plant 108 11.151

**  Significant at the 1% level.

WEMOFEEARLEML Table 7 TR L1, Am
1110 EHEROFHETH D, Ve BE&A2OEET
4o FEHEA B & ofF & U 10 B o s
{ECH 5, Vg it Fodder beet #—FE - {HA

instablilties. /mRL, kI Table beet #375 {, Sugar beet X
A Viw BEWELRLTVS, Am ik Vr &K Sugar
beet N —FARE\fHEL /AL, Table beet 3%k
D-2 10.2 834 N o
P 15007 8.9 8.30 <, Fodder beet Frz—FH{E L & L T
MK 73 6.84 %, Vi OREET Sugar beet % % 5 &, H-401
H-401 102 9.58 P—FEMEERL, D-2 oMz mL T
C. K. 116 903 %5, ¥ MK, HG, E5 3 {EE%2TRL T
H. G. 85 6.40 %, TichbZo3RELY v 7 EE A 7
E5 132 6.75 DM STHAMEL D L xFDLLT
K. W. E. 107 9.27 Wb,
H. S R 6.1 1312 Vg 2 TH#5GH7 Ui ik Table 8 1K=
M. T. 89 13.95 Li. S8 CHITMCHEE TH B & & bic ffiTt
o D R s 1207 BIC BRI ED A bR, Am IOV TR
- BHTT B N TE e o7,
Table 9. Varietal correlations between several characters in
Beta vulgaris and in Sugar Beet.
b bw) VD.V. Ay Vi Awm) Vir)
b, —0.331 0.796**  —0.706% 0.430 0.172 —0.566
b(r) 0.237 —0.457 0.305 0193 -0.171 0.742%*
V.D. V. 0.768* —0.122 —0.783** 0.149 —0.530 —0.454
Ay —0.509 0486 —0577 —0510 0.409 0.395 All Varieties
Ve 0419  —0.022 0.647 —0.536 —0.130 —0.177
Ay 0.043 0.611 -0.378 0.345 —0.176 —0.308
V) —0.008 0.600 —0.495 0.533 —0.531 —0.268

Sugar Beet Varieties

**  Sionificant at the 1% level
* Significant at the 5% level
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3. RBELRREHOBER DR

FLAERAEBE & B L o fE R % Table9 iR L
7o, Table 9 o L fiix Sugar beet i, Fodder
beet B, %X F Table beet D4 WA FTH
bhicfiTh b, T Sugar beet FAfiRECH
LB TH B,

WERHRIE by &V v/ TEE OBFALER bwy DM
DR Sugér beet FECIXIEDHET « R, £f
BT AOHBE 2« RE R L TWw30, Wwihd
EETHICEE &bty byl V.D.V.
EIEDOHEB & Ay, 4MFEHE L Sugar beet F¥O
WA THARCLLRS, 202 &3, EREED
Kic s MG ERBESELRES G EXRL

Twb, by & Ao BAOHMEARRRBR S,

Fhobw ik Ve LIEOMBAREB D, bay i
Vi CEOHE 2 ReH B, Tibh, EREE
LV V7RO L ANLEE L B R
FoThdh s WiEa,

RENLEMREDOHOMBIE, —EDOHEHEALHRD
A, VDV & Awy, Vi & Aw OEITIHA
DO 2 B H b, VDV. & Vo, & O TIX
Sugar beet I¥ THE A E W IEOMBREE R LT
WD,

WD 2 BHAOFREBERELEDOEITIL, Sugar
beet #f &, & MFERE CRVGADOHEEFREERL T
Wb, ERORBFEALEN ERTORERLERE

OMORBEE AL E, VDV & Vg, 5LU Vi,
E Vi EADHBE 2 FRERL, Aa & Ve iXIE
DHIB # F3 & BT,

4. REFALEHCEHNTEORR

mAe, — R i B E O AR IR O B4R A BT
B 2 i BRIE RS oo 5 16 A B 6R B %
Table 10 &R L 7,

H¥E, EYE, EEO3IHMOEROBHE L
IR L T\ %, Sugar beet B T, FERHE
EBRAMEOMOMBREOEII - Th LE-H
BOMGRC B 5, WHEREL Sugar beet # Tk
BEIFEFCECEOHBARICH D, &RTER
Tit Brix ¢ IEECBVCEDCHB AFEAH 5,

BMTE & HE L E M OR O 5B HHE R
i1, LR oT Table 11 i25R L,

EMOBHIME & @y (TIEOHEE 4« R 25, b
LIRAOKHBE ARl ALRA, L L, TOfHEIX
MEIEZ Tl v, VDV, LEHORIVE
LIRIEOMEE 2 fiE, Awy LETORNVE &1L
OB AFRYRLTW5, EFORNFE LB
MOFEBIRLEM Ar) & Vi) L MEVADH
B xRa LT, Brix & bay (LIEDHMHE 2« %%
KL, Brix & b LAOMHBE «RERL T 5,
T bw 1) Y/ RETADHB « fRITH D,
buy LBFEOHIC L AOMHBE A FEADH B, Tl
& VDV g0 FReH 5, Aq LIRE

Table 10. Varietal correlation between quantitative characters in
Beta vulgaris and in Sugar Beet.
Sugar

Lorath Losth  Width  Weght  Brix Yield Ronge  Diameter
Leaf Length 0.855**  0.746*%* —0.193 0.558 0477 0.38¢ —0.618
Blade Length 0.775* 0.854** —0.356 0.249 0252 0.072  —0.419
Blade Width 0.552 0.904** 0.321 0182 0507 —0.027 —0192 | 3
Root Weight —0288 —0.205 —0.120 —0.578 0256 0.061 0.701 fg
Brix —0373 —0.142 —0.289 —0.445 0.640%  0913** —0.611 >
Sugar Yield Index | —0432 —0.342  —0.237 0.948** —0.016 0.511 0.067 i
No. of Rings —0.397 —0451 —0.440 0013 —0.331 0.189 —0.412
Diameter —0240 —0.125 0.001 0.843* —0515 0.736*  0.630*

Sugar Beet Varieties

**  Significant at the 1% level.

* Significant at the 5% level.
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Table 11. Varietal correlations between quantitative character
and complex character in Beta vulgaris.
by b(r) V.D.V. Ay V) Am) V)
Leaf Length 0544 —0.343 0.699* —0.584* 0.270 0221 —0517
Blade Length 0.395 —0.313 0.540 —0.426 0.098 0.083 —0143
Blade Width 0374 —0.242 0.625* —0.644* 0136 —0.330 —0.009
Root Weight —0.308 0.557 —0.143 0.882*%* 0528 —0487 0.667*
Brix 0.669 —0.688* 0.460 —0.430 0.091 0.248 0.914**
Sugar Yield Index 0499 —-0.305 0.420 —0.720** 0058 —0171 —0472
No. of Ring 0.389 —0.662* 0.187 —0.149 —0.149 0.317 —0.845%*
Diameter —0.770 0.542 —0.746** 0.356 —0.408 —0.642 0.656*
**  Significant at the 1% level. *  Significant at the 5% level.
Table 12. Varietal correlations between quantitative
characters in Sugar Beet
Leaf Blade Blade ; . Sugar Yield . .

Length length Width Root Wt Brix Tndex No. of Ring Diameter
b(L) —0.056 0.075 0.063 —0.405 0.374 0.326 —0.701 —0.754*
b(r) 0.396 0.439 0.129 —0.403 —0.041 —0.641 ] 0046 —0.324
V.D. V. —0.029 —0.059 0.010 —0.571 0.499 —0.403 —0593 —0.792*
Aw) 0.004 0.600 —0.141 —0.181 —0.256 —0.324 0577 —0.179
Vi 0.409 0.052 0.054 —0.583 0.473 —0.459 —0469 —0.664
Ay 0.333 —0.129 —0.261 0.085 —0.340 —0.064 —0.218 —0.088
Vir; —0.141 0.325 0.287 0.024 0.300 —0.168 0.253 0.226

* Significant at the 5% level

HEEEE RT—7F, V.DV, Vay & Brix & ik
FEoMBI« FEmAZ BRI, TibbERRE DR
BARREEIFECMERBRE N E L, Brix 235

WEWEOHEB 4« B2 R, Aw & BRI
M ADOHBEARCH B, Vi 12V v 7B E AD
B« fra L, Ve &BEEGIEOHE] 4 F2°

HZbhb, Ve LBE, Vg & Brix & oo
FRIECThIEOHEE 4R35 5, BNHEL R
BAREM OB RIC DU T, Sugar beet FE-TDHE
HA Table 12 2R/ L1,

by IREE, VDV, L RZEOMCHKEHMICEE
RAOHBBEABLRI, S0 L ITEREE
P EL T, ERMERERE DI ELF-
TRBIRERRIARE I EETFT, Aw EERE
TIL LRI EIE O MBS 2 R E b iz, Sugar
beet BETCHICEE THLHE, ThbbiBHELFE
BAREREOHORREARS &, & {BHEAW
2y, BHBHWTAOHBFRAFRERL TWw5, V.D.
PV EHE, Vo CREOMCTATHEN S

Wz rAF. BEREL VDV, kOB
NEE Vo, ORIITAoMBE AR H 5, i
WEIE L by & O TILLERNE V- A& O HBE
HB AT,

Iv. % =

TASE (Beta vulgaris) OWIRO PN AECD
W CiY, ARTSCHWAGER (1952, 1954) % o> fth o> fif
BEC T > TREMZERN LTS, RO
BWEC A DR B Y v 7B AE B RERE
Xh, #OBOREC X - TY v ZTHE»PD
LIEXZXBDL 0L Bbh b, BEXZOY Y
Z7OMOFHRBCEREINDLEZOLNTV2D
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TWEOCERE O HITIL, V v 7/ THEE (LR (b))
DUNSVEBEN I, £ RER T Brix & b
OREMAEB A A B & —0.668 & B A DM 4
&R Ty 5, Sugar beet B Cid, & DHBH 4
FRIEARL TV 225 ZOBFBIEIB LTy, L
L, Sugar beet # T, bry & MMOEHHEE D
BIRE 2B &, bm EABIE, bm LBEILAOH
BlafRied sz &nb, be /XT3, ik
bbb, MDY v ZEARMEO Y v BT L
T, ML BB GRENS, BE, 818,
Brix o Fhitk T kE 2B H&EIh
5, SOLTWHINEL ba) DBRE % & LB
mOCADHEY 2R (—0641) 2B, bw HMEL
CENBENET L s CTREERBER THLZ &
REL T3,

Table 1I21H B % X 51, VDV, & Vi i
REEL ADOHBI A~ REF- T35, ¥, VDV
& Vi ik, Brix QX EOME AR R LT W5,
TAFE T, BEL Brix o oM« fHiT
—BcBmEsh Ay, BEEL VDV, Vo, 0
BifR&, Brix & V.D. V., Vg, OBEE 4 T
ftoTub, VDV, & Vi, BBERELIZAD
HB A AR LT, X612, DEREILMEO
&4 OEENERELELTE & XA QM « #
FRTEEIDHZ D, WHENELH&ET
CIHEFERERO DI GCEBETFREL RS E IO
TiX7g - E bR R 5,

RBENLEMOHEMOEHRIT DL Tk SARAL
and SHIMAMOTO (1965) »3, % -3z DOEECLE
B ThD &, EORBERRLEENELCCHE D
Wk D, TEDORBRLEEENE\CFE DT
WES, EORBERLEN LLDORERLEMIT
IR 7s v Z EERBRTV B, TAERKWTL
HEWMORBFALREN & VT ORETRLEMLL, 5
AEBGRIRD LI, T, 232 DETH
LRICREBARNLEE DM O 2~ fRiX, TAFED
ERCEE» LRV, TDZEiE, 22k
Wik, EXBHETHEROLD, BEH T
BB HHRAIE U (REARLEEAMEFE) 25
WLTEIDTERULEVLSENEL BR D,
FORRE LU CHRBEILERORE,V B L, &

WIZHFEODWTW B, —0, TARIRE Y HEY
LT AR DIy, EDOWBETIL, Fhi EEEMN
HbhhTuie0 T, BHONR LI Tl
W, D E, TAFEL, MMEFEY TH 50T,
HHEBED 2 O0OBEN, RELBEC>HEEIL
BT, DI LM, X2 aDECREL
TARDEDOHADOREAREELOHELR OB R
R HAHEXELRLDO LB S,

TAXDOE 2« DWETL LA TRETRLEMRIT
FADPNENCHEBRBEHEYRL Todgl, BEN
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Developmental genetic studies on Beta vulgaris L.

1. Developmental instabilities in leaf and root.

Shimamoto, Y., S. HosokawA and Ch. TsuDA

(Laboratory of Industrial Crops, Faculty of Agriculture)
Hokkaido University, Sapporo, Japan

Summary

In order to measure the developmental instability in twelve varieties of B. vulgaris, eight

of sugar beet, three of fodder beet, and one of table beet, were investigated for intra-plant

variation in some quantitative characters found repetitively in a plant.

The following measurements were investigated ; the bilateral asymmetry of leaf, intra-leaf

variability of vein distribution, variability of leaf length, variability of distance between root

rings, asymmetry of root diameter, rate of leaf growth and rate of inter-ring distance growth.

These measurements of intra-plant variation varied significantly among varieties, except

for a few cases.

It was found that intra-leaf variability of vein distribution was correlated

with the rate of leal growth. The varietal correlation coefficients are calculated for the ex-

amination of the relationships between the developmental instabilities in different characters.
As far as this experiment is concerned, in sugar beets and all varieties including sugar beets,

no clearly appreciable relationships were found between the developmental instabilities and.

such quantitative characters as root weight, brix pecentage and their complex.



