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Table 1. Yearly changes in sugar beet cultivation in Hokkaido

Cultivated Root Sugar beets Sugar Sugar Percentage of

Year area weight processed production extraction transplanted
(ha) (t/ha) (3} @® (%) area (%)

1945 14,760 7.13 86,861 8,186 9.42 —
1950 15,414 11.96 181,091 19,103 10.55 —
1955 16,771 23.35 391,584 49,566 12.66 —
1960 43,768 22.96 1,004,719 135,545 13.49 —
1965 53,786 31.28 1,682,626 246,796 14.67 21.2
1970 54,029 43.01 2,323,556 343,520 14.78 75.1
1975 47,955 36.67 1,758,376 224,277 12.75 79.7
1980 64,820 54.77 3,550,252 535,483 15.08 91.8
1985 72,382 54.17 3,920,838 574,243 14.65 95.8
1986 72,132 53.54 3,861,848 630,143 16.32 96.1
1987 71,377 53.62 3,827,243 626,115 16.36 96.3
1988 71,829 53.58 3,848,511 648,623 16.85 96.4
1989 71,913 50.95 3,663,925 614,271 16.77 96.6
1990 71,953 55.50 3,993,571 643,607 - 16.12 97.1
1991 71,900 57.23 4,114,784 718,821 17.47 97.2

(Quoted from statistics published by Hokkaido Government)
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Fig. 1. Yearly changes in percentage area of main sugar beet varieties in Hokkaido from 1935 to 1991.
Quoted from the statistics “ History of Agricultural Technology after the Second World War ”,
Agricultiral Statistics Association, 1971, and “ Statistics of Sugar Beet ”, Hokkaido Government,

1957-1991.
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Table 2. Performance trial for old and new varieties

Root Sugar Sugar

Top

Whole plant ~ T/R

Treatment weight content weight weight weight ratio? K Na amino N
t/ha Rel® % Rel. t/ha Rel. t/ha Rel. t/ha Rel Rel. meq” Rel. meq Rel. meqg Rel
New standard amount of fertilizer
Hon-iku 192go  34.9 100 16.35 100 5.72 100 55.7 100 90.7 100 1.61 100 3.16 100 0.31 100 1.93 100
Donyu 2go 37.0 106 1597 98 591 103 54.9 99 92.0 100 1.48 92 3.20 101 0.30 97 1.75 91
Kawepoly 44,7 128 16.57 101 7.41 130 49.5 8 94.2 104 1.11 69 3.05 97 0.35 113 1.75 91
Monoace 48.9 140 17.11 105 836 146 43.3 73 922 102 (.88 55 2.78 88 0.28 90 1.48 T
0ld standard amount of fertilizer
Hon-iku 192g0 29.1 83 16.61 102 4.84 8 33.5 60 62.7 69 0.15 71 3.21 102 0.24 77 1.17 6l
Donyu 2go 325 93 16.49 101 53 94 384 69 709 78 1.20 75 3.16 100 0.30 97 1.14 59
Kawepoly 37.4 107 17.31 106 6.48 113 344 62 71.8 79 0.92 57 2.92 92 0.36 116 1.05 54
Monoace 41.1 118 17.43 107 7.16 125 30.4 55 71.6 79 0.74 46 2.64 84 0.28° 90 0.89 46
Amount of fertilizer
New standard  41.4 100 16.50 100 6.85 100 50.9 100 92.3 100 1.27 100 3.05 100 0.31 100 1.73 100
0Old standard 35.1 8 169 103 596 8 342 67 693 75 1.00 79 2.98 98 0.29 94 1.06 61
LSD. 5% 4.2 10 043 3 077 11 98 ns 107 12 033 2 ns — ns — 0.20 12
1% ns — ns — s — ns — 197 21 ns — ns — ns — 038 2
Variety
Hon-iku 192go  32.0 100 16.48 100 5.28 100 44.6 100 76.7 100 1.38 100 3.18 100 0.27 100 1.55 100
Donyu 2go 34.8 109 16.23 98 5.64 107 46.6 104 81.4 106 1.34 97 3.18 100 0.30 111 145 9
Kawopoly 41.1 128 16.94 103 6.94 131 41.9 94 83.0 108 I.01 73 2.99 94 0.36 133 1.40 90
Monoace 45.0 141 17.27 105 7.76 147 36.9 83 81.9 107 0.81 59 2.71 8 0.28 104 1.18 76
L.S.D. 5% 23 6 02 1 03 7 50 1 ns — 017 12 015 5 0.05 19 1.55 100
1% 31 9 03 2 048 9 68 15 ns — 023 17 020 6 0.06 22 022 U
CV. (% 6.35 1.45 6.30 12.87 7.43 14.46 4.66 17.99 11.49

Y Relative value compared to Hon-iku 192go in new standard amount of fertilizer (Upper table), New standard (Middle) and Hon-iku
192go (Bottom). 2 Ratio of top weight to root weight. ¥ Milliequivalent per 100 g on beet.
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Fig. 2. Seasonal changes of leaf length in four

varieties.
1 Hon-iku 192go, A : Donyu 2go,
[ : Kawepoly, O : Monoace.
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Fig. 3. Seasonal changes of number of leaves in
four varieties.

< : Hon-iku 192go, A : Donyu 2go,

[J: Kawepoly, O : Monoace.
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Fig. 4. Seasonal changes of whole plant dry
weight in four varieties.
¢ Hon-iku 192go, A : Donyu 2go,

[O: Kawepoly, O : Monoace.
’g 16v9 o
B 0
~
1% (m]
2 801
>
<
S 404
e}
=
04 BC . .
June August October

Fig. 5. Seasonal changes of root dry weight in
four varieties.

< Hon-iku 192go,
_ O: Kawepoly,

A : Donyu 2go,
O Monoace.
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Fig. 6. Seasonal changes of top dry weight in four

varieties.
& Hon-iku 192go, A : Donyu 2go,
J: Kawepoly, QO': Monoace.
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Fig. 7. Seasonal changes of dry weight in three
parts of top (lamina, petiole and crown)
in four varieties.
<. Hon-iku 192go,
: Kawepoly,

A : Donyu 2go,
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Fig. 9. Seasonal changes of potassium, sodium
and amino nitrogen involved in roots in
four varieties.

{>: Hon-iku 192go, A : Donyu 2go,
[J: Kawepoly, O : Monoace.
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Fig. 10. Seasonal changes of leaf area index in
four varieties.
1 Hon-iku 192go, A : Donyu 2go,
[J: Kawepoly, O : Monoace.
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Fig. 11. Seasonal changes of percentage root dry
weight to whole plant dry weight in four

varieties.
& Hon-iku 192go, A : Donyu 2go,
O : Kawepoly, O : Monoace.
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Fig. 12. Seasonal changes of percentage sugar
weight to root dry weight in four vari-

eties.
< Hon-iku 192go, -A: Donyu 2go,
[J: Kawepoly, O : Monoace.
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REB5 2 L RN ERBOBEROFIZL ISHT
BT EMNAIERERA D,

AHRILLEO X S ARND S L iHtEDRS
JREEEACTAETOBRCEMCK ER ) #E
YEBL, EEHEYYS TS, EERBELENT
ZEikY, RBOEFHRBILEYHLNL
TEHLLEERALDTH %,
1. & LUFE

a. £ B F

1975 E~1982 53 L 0 1984 £ DF 9 £

b. EWH AR

AT BT

c. Tt 1+ HE

KLt ES

d R HE

(h—=_2AHFE] (F1v, KNSHEROBRE
R, =/ k-7 J(CAKPEFREROHHE
), Nve{(rY=—5v, Hilleshog HBRD
BEL R

e. RBEE

IX3sFvERE24E

f. 1B e

Bib7 v e =7, FVEEA, BBEEAEIK, Bk
JE, BiBmBORIEESELL, 0aMShEXRER
N : 16 kg, P.Os : 20kg, K.O: 16 kg,
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Table 3. Means of five characters at harvest time (Oct. 20) during nine years

. Root Sugar Sugar Top Whole plant
Variety weight content weight weight weight
(g/plant) (%) (g/plant) (g/plant) (g/plant)
Kawemegamono 672 17.06 115 576 1,248
Monohope 693 17.32 120 743 1,436
Zumo 690 17.91 124 488 1,178
F-values in variance analysis
Variety 1.76 38.26** 7.17** 92.24** 58.64**
Year 20.44** 15,55** 23.49** 21.88** 25.77**

** . Significant at the 1% level.

g WE/HFH &

BEWE : 50cm, BR8] :28cm, BRIT A% 7,143
K/10a, 1EO0BEB 455 L TLIFERFL
T ABBELFERYALA 2R < A BHE
HEELTEE L, BEPWEI»yF L4481
H, BHEHIESRENKBOHELZ I DE
wiek hRirh, 5 H3H~5H 25 BoEHTh -
Tro FOMOBEEEI—RIETECL -2,

h. BEFZE

58308 X910H 2083210 BEREC15 @k
WmMOFEXYERL A, 1BEOKIH AEIX1K 25
BT RELL, 188N 150 @Kk L, &
W o e B RE DI R TR O M E T HH
L, ¥EEHBT0E T, BRAkEEcEERY
BIE U7, FEMIATRNEHCIESS, R, oI
EHELTThZFhEEXREL, 0% T80T
T2 AERRERE LU CEDERRE L1z, RFE
S B RETHICDIZER L7 5 1 (B0
R 7)) RERLCEYELRE L, B
SoORIE LS KB HE (Sachs-Le Docte ¥ K5
BEtmS 1962) 1k -, EEER L1981, 1982,
1984 @ 3 rEDH, 1K 5~10 @4k 2 K >&
SEEOESFHRL, KELEE O R EZEmME:T
X hBIEL o,

2. BREIUVEE

a. UNESHAIC BT 5 MTERE

BEONENTHS 10 A 20 HOFRERFKEIT D
RE, HEdgEs, R, ZEFRICLEORHER
8% Table3 KR L1,

RERECOVTAS E, BERLEWTIAE
BEETH - h, BFRESCEV-TREEROSE
BEDOZE RN VD OD IUKETHEENZ S

nTyvel BZELEL R lzs k=7
[h—_2xHFE/ DIETH T, BEIRE LIRS
BOeRERCLETHAH, REMCEEEZLNEDS
e, EEETRIREBHEIFEZTHY T® /7 k-
TIREL, TyE] M Er-7, 2EBIBRELEE
EXMiETH B, BECHERESLLIR
PolebODEEFECHERENAKRE o DL
HORBEXIFEETH - 1o

—%, Table3 Rl L 52, 9 ¥ EDFERMH
ZRXThoBErs b EERENRE A, &
FECRFIEEO L 5 BRSO L8N, XU
BEEHERTIFrFLLRER—EELZLNLDT,
ZDERMBMZEDOKFFTIRBREHG L DHE LD
TENTED, FREELOVWTRRECHRET
%,

REEEROFTEERE, WThoBETLER
IR E NI h 5T,

b. AREBROEH
EREOEFTHOE YT Eich, FT4F
OBRBAEEMBTCET 2RI, EHo4E
HBRCET BRSO TREKOREND B
B2 Sy ST A T, KRR T
ERMBEAEFTOERA L L T2 THERER
i, BEY X CHEEERY 137 91 OEE
DHEF o\ C ROBERTSON?® DAEFEM#E (v o &
F v 7 ) BMUTRDAEETS, 1RKOHBETE
TL0h, 2KOMBEEHEAGLREDLI LD,
BEHEORVCERBMBYBALILPREL B,
AP EEEoEE - B ok B oL
EHBERDICLOTH D, LOBBXLTORD
TH 5,

rYAF v RICY T, BERKRTERSR
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log R,
A-R;
A BHESIRE
R, Bt @RI BIRE
a. EH
b HENERER (#EK)
t: B (Rge R §RERED
LR, AR CIBHOEEY 2 KOS
BB TELL, £FOREMTHcY Titb 5
BEOLAEMFRNLE | RBEEERMER, Thl)
BB TS HHEREE 2 ABEEERBERE L
Foo ABFZR-CiE, 5A30B XY 10 AR T15E
DY FY v IIRERL, v RAF v 7 HBIEERK
A I 5 TRDI, KT, WODREETE]
wIREEEMER & 2 iREARMER & X
THEPPMBEE BN, CARTEOFEL -
o 7, v 7V v 1EEB»L 3EHETOH
EETEIRBEERMHER, IBEL Y I5EE
FCOMEMECTHE 2 KBEARMBER L RD1, K
w, TEB XY AEHECOREMCE 1 RBELE
EHBEX, 4EBF XY 15E8 ¥ CoREMETHE?2
KEBEAEMBR RO, UTEE, HRBE
EOHAELEEXTHL LTI EDOBRELEHGR
ERDIZ, 22T, FEOVREOAFTXRTHBRLT
HEFELCAThERS V0T 2 o0ERHE
Bl EEGB A to) TS, ERRoXE
TOEEFRATHE, 2o0REARMBER IR
EOBREFGCIVELREVWC DD, FZTEL
KB ESRMBAOE aYa, H2RBELE
BEAorhra, L, a ¥hita, W
FThnloxRDeB T2 o0BRELEMBENNE
THEELR b L MOERa, Fhixa, ¥R 3,
ARRECECTRBE2RBEERMBERND a, ¥ &
PNEFEEZE b RD K, 2 00BEBEAREER
DETLHEGEIVEIMLETRERALDb a, KD B
ZEE LT,

=a+ht

a,=log Aj -E—;-l—az— (b; —b,)

flog £ =R )

AL A BIRBIVE2RBEEEMBER O
Bk EiRE

by, by: BIRBIVELIABELERBBERO

MR A &R

WIZZ DXL TRDIT I 2o s Xk
HEBMEEERNEOEDBERELRD, ZhiiR
N BBERYEATRD S 2 DOEEHE IR
ELt, MEDFHRIZL v ROIBEDEERBEY
Fig 131IcR L%, BERROL S HE - Ic#ET2
2o0r ATy JHBTREND, TOETHE
B A, to) 13, 22o0REEERBRETS
bl b EINLERERC L O RDBHZ ERNTE B,

tc=glz~{log —I%A:‘:_AAS-—az} :

BEY REEFLRELOLIEFT/EL ]
V, EEBIRMIC THT A L b, ZokoXEk
COWTHABRIE T2 1 kKERRE2RD, Th
IO EEEOERMBAX R L, ERE T,
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Fig. 13. Growth curves for root and top fresh
weight expressed by the following formu-
lae using means from 1975 to 1982 and
1984 (“ Kawemegamono ).

@ : Root weight, B : Top weight.
tc: Time that primary curve transfer to
secondary curve.
Growth curves are calculated by the fol-
lowing formulae,
Root weight (g/plant) :
Primary curve (early growth)
R
10g——205_R =—-3.0586+0.5866 t
Secondary curve (later growth)

R =
logm— 1.9758+0.2416¢
Top weight (g/plant) :
log%: 1.0189—0.1119t+0.0026 t*

R : Root fresh weight (g/plant),
T : Top fresh weight (g/plant),
t : Sampling time (1: May 30th).
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FEORBHGEFRHCBAL TIREBRI D B,
RERACISHATHZ L b, EEEOAR
B L LG, FRRReEMLL

log %2 b+ ht+Lt?

T, Bt T rZEE

R, : Bt ki oiRE

by by b HRE

Fig. 4 @B &7 X 5 1 logT/R @ 2 REE
DHFLEEIL9.8% & XD TEI - T, BEED L 5
KHRETR 2 O0MBYHELEL®LI LRI IR
ik, BELOBERL I RO HLEEED
EREFEDL 2 o0MBRIrDRI IO E LT
(Fig.13),
HEOFEict b koi-teEMGoouw T, #HR
3EOREDCEEME % Fig. 15, Tabled I
BARHBROSRE LR L, ERBEAN KD
o, REMECHT2ERGREIZ3RE 97 &
3£0.984~1.002 TH » 7o, EIFHREOFEHMESR X
CHBEIRE % Table5 iR Lich, BEEREV&
Wz X5, BURRBICRERTR X CERBIOREE
L bhitholcl &b, BEHIIRE 94
MeEETH - b vz b (Table5),
ZEBEOERIE % Fig. 1617, Table6 il
BHBOLERE BT, £2RME,LEB LE

0.8

0.64
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0.2

04

log T/R

~ood
1 234 567 8910 111213 1415
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Fig. 14. Quadratic regression curve for log T/R
calculated using means from 1975 to 1982
and 1984 (“ Kawemegamono ).

Regression curve was calculated by the
following formula.

Iog%Zl .0189—0.1119 t+0. 0026 t2

(Contribution ratio due to regression
was 99.8%)

R: Root fresh weight (g/plant),

T: Top fresh weight (g/plant),

t : Sampling time (1: May 30).

DEHFE KT AERGEHIIRE 9y FE3H%
0.943~1.014, HBIFREIR0.979~0.999 TH - e,
EIE FRE I X OCHBIGRB O F#fE% Table 7 1R L
oo BEERE» - ICHBEILERNTRRE o1,
BEMEREVCTIHRE - BRCEERZ R LR
Moo, FRMEZEZEBEEIZD R (Table
Do “HhXFig I6 KRT X1, EEBFDOELEFL
BN B BB TEES N AE Lo Z
L, b, KETEHT AP EERERBZEN

7007
600
SOOJ
400
3001

200+

Root weight(g/plant)

100

1 234 567 8910 111213 1415
May  June July Aug Sep Oct

Fig. 15. Growth curves of three varieties for root
fresh weight expressed by the following
formulae using means from 1975 to 1982
and 1984.
O: Kawemegamono, []: Monohope,
A Zumo.
Growth curves were calculated using the
following formulae.
Kawemegamono :

Primary curve:

R = —
logm— 3.0586+0.5866 t
Secondary curve:

—1.9758+0.2416 t

¢

logiz
669-R
tc: July 17.
Monohope :
Primary curve :

R = —
logm— 3.1261+0.5688 t
Secondary curve :
R = —
logm— 1.8445+0.2250 t
tc: July 22.
Zumo :

Primary curve:

R __
10gm~ 3.110740.6065 t
Secondary curve:
R__
logm— —1.9643+0.2468 t
tc: July 17.

t: Sampling time (1: May 30).
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Table 4. Means of parameters” in the equations for the growth curve of root weight and

variance analysis for them

Means of parameters

Variety
A, A, a a, b, b,
Kawemegamono 248 702 —3.1080 —1.8980 0.5699 0.2291
Monohope 263 729 —3.2009 —1.8030 0.5837 0.2183
Zumo 258 705 —3.1591 —1.9130 0.5862 0.2394

Variance analysis for characters

Source of D.F.

F-values of parameters

variation : A, A, a, a, b, b,
Variety 2 1.77
Year 8 3.08* 10.72** 13.02** 4.78** 6.69** 5.16%*

** . Significant at the 19 level.

Y Parameters of the following equation for the growth curve of fresh root weight. A, a,, b, are in the
equation for the primary growth stage and A;, a,, b, are in the one for the secondary growth stage.

A : Theoretical maximum root weight (g/plant)
R : Root weight (g/plant)
t

: Sampling time. The first sample was taken on May 30th.

BUWHETHLIDEELLND,

BFESOEEDRL v BB - 5HB
Fig 17 @R Lz X 5y v 7y v 7B flicad 3 %
1XERARC I HE L, BRRORE S & O
BERE > Table8 iR L kchs, ¥v 7y v 7B &
DI D TE D » T2

c. HRRICLHIETE

AETRFRCL L HEC L Y ERBBEA LR
B, ThIDVEIRDB AT A —F -1 L EEEN
BRTAT A - -FHCTREEEYRT LR
ME L7,

FREDAT A -2 - PREREERDLLES T
DEEFRT L DR LERCOVTHES Y
T

BE OV CTRERMRR ORI AERZE XL
bhd, FREZEABLE L (Tabled),

SR U3 REIRER, PEE, E/EcsE
ENnBHH00, BHROLKCEEL CTHERDOEL R
Mol LRIBIDEE LGRS, WKL 10 A
20 ) DOBEIX Table3 wRL X 512, 9FEHED
FTCh—<anxe/ | 672g (€7 +—7]693
g [V®]690g TEREEI R,

ZEBFOERMFRN ORIt ORE I RERE

Table 5. Means of regression coefficients of calcu-
lated root weight to actual values, their
standard deviations and correlation
coefficients between calculated values and
actual ones. And variance analysis for
regression coefficients

Standard
deviation
(g/plant)
21.692
21.192

18.078

Correlation
coefficient

Regression

Variety coefficient

0.9932
0.9937
0.9940

0.9967**
0.9970**
0.9976**

Kawemegamono
Monohope
Zumo

** . Significant at the 1% level.

Variance analysis for regression characters

Source of variation D.F. F-value

Variety 2

Year 8 1.858

BARbh, FLBELFAFKLE, FREZIH-O
TH -1z (Tableb),

Table9 w BB CHEEEDO LD RN F A~
#— L FERZRLL, BEONEHTHS 10 A 20
BoXIEE (T 15) I UEHFES (S15), EEE
RBRAERHEL tm) KLV EOBORE
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Table 6. Means of coefficients” in the eduations
for the growth curve of top weight and
variance analysis for them

Means of coefficients

Variety

b A A
Kawemegamono 1.0797 —0.1224 0.0031
Monohope 1.0699 —0.1145 0.0030
Zumo 1.0782 —0.1274  0.0030

Variance analysis for coefficiénts

F-values of coefficients
Source of D.F

varlation T A ) A ,
Variety 2 6.57**
Year -8 71.12* 37.07** 20.2(6"

**: Significant at the 1% level.
U Coefficients of the following formulae for the
growth curves of fresh top weight.

log ==y i+ Lt

T : Fresh top weight,
R: Fresh root weight,
t: Sampling time.

Suger cntent(%)

12345678 9101112131415
May June July Aug Sep Oct

Fig. 17. Regression lines for sugar content of three
varieties calculated using means from
1975 to 1982 and 1984.

O Kawemegamono, []: Monochope,
A : Zumo.
Regression lines were calculated by the
following formulae.
Kawemegamono :
y=4.1013+0.8877t r=0.9973**
Monohope :
y=3.6514+0.9428t r=0.9978**
Zumo :
y=3.7617+0.9796t r=0.9796**
y . Sugar content.
t : Sampling time (1: May 30).
** . Significant at the 1% level.

Top weight(g/plant)

Sep Oct

May  June July Aug

Fig. 16. Growth curves of three varieties for top
fresh weight expressed by the following
formulae using means from 1975 to 1982
and 1984.

O : Kawemegamono, []: Monohope,

A Zumo.

Growth curves were calculated using fol-
lowing formulae.

Kawemegamono :

log%:1.0189—0.1119 t+0.0026 t*

te: July 17.
Monohope :

10g%=1.0211—0.1058 t+0.0027 t*

te: July 22.
Zumo :
log%:1.0131—0.1163t+0.0026 t?
te: Juily 17.
" R: Root fresh weight calculated from
S equations of growth curve (See Fig.
15).
T : Top fresh weight.
t : Sampling time (1: May 30).

Table 7. Means of regression coefficients of calcu-
lated top weight to actual values, their
standard deviations and correlation
coefficients between calculated and actual

values
. Standard -
: Regression i Correlation

Variety ‘ coefficient ?g}';?;lnog)l coefficient
Kawemegamono 0.9816 35.734 0.9908**
Monohope 0.9866 40.244 0.9923**
Zumo 0.9829 35.622 0.9895**
Variance analysis for regression coefficients
Source of variation D.F. F-value
Variety 2
Year 8 4.371**

**: Significant at the 1% level.
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Table 8. Means of regression coefficients of sugar
content to samplig times, their standard
deviations and correlation coefficients.
And wvariance analysis for regression

coefficients

ggg?ﬁ%g Correlation
(%) coefficient

Regression

Variety coefficient

0.8876 0.590
Monohope 0.9426 0.988
Zumo 0.9793 0.987

0.9859**
0.9880**
0.9871**

Kawemegamono

Variance analysis for regression coefficients

Source of variation D.F. F-value

Variety 2
Year 8

61.903**
101.875**

** . Significant at the 1% level.

Rtim) LEEE (Ttim), £BFWH X v WEHI
Wi BEORFES O EARE (bs) 1XREREN
Eirvotc, MEDAT A~ & —m oW TR+~
KEAZEPKEL, I BV A TEEERTED DL
o

Table 0 X EBEHEICEEEZEL A bR
A= B =D T Y ERDFIER TR L o

R 52— g -HoBGRY, TTE2kERESR
H (A OB TREMENAORI S A~
#— (Tablell) TOWTHBE, RIERBELER
A OME(b,) & V- ThoffETd AOMEEN
Dobht, AEMBRL DFEIhAZ10HA 208
DORE (Re15) 13 REE b A, LD TEWHEE
NEOENBZ EnG, H2RBEERMBROMEK
(b AWHXVWEREHOBRENG V- LaRT,
T A LEIRBEARMBEEE 2RBEEER
g olmEDO I (by/by) &3 3 HiEHREVIEOM
Bixmlic, Thidb AAkE WL, bbb,
THAEFAEETH B3 S INEORENE V2 &
ERTHIOTHY, COBEEETYyE], TH—~x
FE/], TF/7h—7] OMECED -,
EEFOMEMZIFECHY, IELQ0A 20
H) off (T15), HIXORAME (Ttim) OfAER
ZIXWE LM TH -7 (Table9), Fig. 16 imE b
X5k, BEXEBERAFYVHI Y REME T =
F=T BN (a—_2Fx/ ] BXUOvE] i
NEICECHE L, ZEFLREOL (T/R) O
XNEERED QFEMOFHECL Y TOWBEH B E

(Fig. 18), MRz INERcS ek L
7o
EEEIEKE DR (tn) b REMZENEE
T (Table10), ZEEFEORLEV [V ] 2K IE
CBATH), BEEIRIEWIE/ A—FN0
BELEBLIBIETHoT, Tablel2 imEEFEMN
BRk& AR (tim) L &5 2 — 2 — L OB
BERLI, RICBHLMLRLIKIBEILALH
CRRRIAICBIME R R LA, tin LB 2RARDOE
HIMAKIRE (Ay) 213 afEe L HEBBEAR AR bR
1o, Bl r—_2aFxe/ | [VE]TEI T,
Fie, thm 3T Hr—<x 5=/ ] [vE]TiEEH
Table 9. F-values of variance analysis on parame-

ters of which differences between vari-
eties were significant

Factors"
Parameter?
Variety Year
t/m 13.32*+ 5.23**
Ttim 31.91** 10.40**
T15 92.24** 21.88**
Rt/m 17.01** 23.72%*
S15 38.26** 15.55**
bs 61.90** 101.88**

** . Significant at the 1% level.
Yt/m : Time when top weight reached maxi-
mum.
Ttim: Top weight at the time, t/m.
T15 : Top weight at the sampling time, 15
(Oct. 20).
Rt!/m: Root weight at the time, t/m.
S15 : Sugar content at the sampling time, 15
(Oct. 20).
bs : Slope of the regression line between
sugar content and sampling times.

Table 10. Average of the parameters showed in

Table 9.
Varieties
Parameter?

Kawemegamono Monohope  Zumo
tim Sep. 4 Sep. 9 Aug. 27
Ttim T1g 852¢g 732g
T15 576 g 743 ¢ 488¢g
Rtim 510g 553 g 475g
S15 17.06% 17.32%  17.91%
bs 0.888 0.943 0.980

Y All of the abbreviations are mentioned in Table 9.
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Table 11. Correlation coefficients between the theo-
retical maximum root weight of the sec-
ond growth curve (A,) and the other

parameters
Varieties
Parameter?®
Kawemegamono Monohope  Zumo
a, 0.818** 0.794* 0.779*
b, —0.806** -0.778*  —0.814**
b./b, 0.850** 0.794* 0.863**
Rcl5 0.958** 0.926**  0.985**
tim 0.843** 0.783* 0.810**
Rt/m 0.786* 0.817**  0.813**
S15 0.666* 0.481 0.825**

* kx

, **: Significant at the 5% and 1% levels, respectively.
Ya, : Constant on the formulae of the 2nd growth
curve of root weight.
b, : Curvature on the formulae of the 2nd growth
curve of root weight.
by/b, : Ratio of curvatures on the formulae of the Ist
and 2nd growth curve of root weight.
Rcl15 : Calculated root weight at the sampling time, 15
(Oct. 20).
t/m : Sampling time when top weight reached maxi-
mum,
Rt/m: Root weight at the time t/m,
S15 : Sugar content’at the sampling time, 15 (Oct.
20).

BRI X Dt EIRCIER Q0 20H) ofR=E
(Rc15) & DMBEAXEL, €/ k-7 TR
o Tiobb, BEFOUENE- [H -2 5=
71 BIO Ty E] T, REHOXES I EE
wizE, FREEENRKLERLEHIEL £5E
wizE, BEREL RAHEACS -~ eh, ZEEH
HERE (£ 72 /=7 TRZOERMELS O
LHEINT,

BhEsconwTH REMEZENHLHTH o,
EEDY L v INER B E TORPESO LR
HEL (bs), ¥ & CREHADORPHES (S15) THE
HREL MEDCENENR S Ebhi (Tabled), 9
ERDOFHTHDE, [H—~AFE/ ITETOH
(6 8 20 AP FEES(6.44%) X =1 (6.36%)
IhieeEnbon, EREAER (bs) VNI
», IWEROBRTHES (S15) 1117.06% T [V £
D 17.91% X b H1E< /s~ 7= (Table 10),

INEERR (10 B 20 B) RS (S15) & OHIES
Zo\NTi (Tablel13), Ty ] B&E 2 kBEHES
RE (A,) & OHBEIRE A 0.825 £F<L, [/ k-

12345678 6101112131415
Mz{y June July Aug Sep Oct

Fig. 18. Quadratic regression curves for log T/R
of three varieties calculated using means
from 1975 to 1982 and 1984.
O: Kawemegamono, [J: Monohope,
A Zumo.
The regression curves were calculated by
the following formulae.
Kawemegamono :
y=1.0189—0.1119t+0.0026 t*
R=0.9990**
Monohope :
y=1.0211-0.1058 t+0.0027 t?
R=0.9982**
Zumo :
y=1.0131—0.1163t+0.0026 t*
R=0.9993**
e T
y: OgR
t : Sampling time (1: May 30).
** : Significant at the 1% level.
ZEL (0.48D), TH—<=A¥E/ ) AHMED
il (0.666) TH o7, 3 mEIERBERL Hk
110 B 20 BB E (Rc15) & OHEBIRE S 5%
THEME DD, BEORWERELSBFES 1S
VR L Rote, T ORELIRTES LA
OMBBRIED B Z L A HLR TV 205, FK
Mo LTas &, BHERENT L SHKE
FRiCig 2 AR Eh, FRREHET B4
BEDHHZETH B,
d. &REEICLZEER
EHEENCRTARBEETH 2ERERET, &
W EMEAYIETAI LI ORDOALN, &K
T, WicHORLLCFBEOARMEYHS
THIELRIVEREERAEBLL,
IEXLIOC NI HRLEBES X UEEED
ERMBERNoWT, BRRICT 2t cEL
TS THIETEARI M E SR 5,
K=1+10@ 33 &,
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Table 12. Correlation coefficients between the time
when top weight reached maximum
(t!m) and the other parameters

Varieties
Parameter?
Kawemegamono Monohope  Zumo
A, 0.843** 0.783* 0.810**
a, 0.890** 0.969**  0.59%4
b, —{.885** —0.949** —0.656
b./b, 0.920** 0.960**  0.649
Rcl5 0.792* 0.573 0.831**
Rtim 0.710* 0.626 0.815**
** . Significant at the 5% and 1% levels, respectively.
Ya, : Constant on the formulae of the 2nd growth
curve of root weight.
b, : Curvature on the formulae of the 2nd growth

curve of root weight.

by/b, : Ratio of constants on the formulae of the lst
and 2nd growth curve of root weight.

Rcl15 : Calculated root weight at the sampling time, 15
(Oct. 20) by the formulae.

t/m : Sampling time when top weight reached maxi-
mum,

Rt/m: Root weight at the time, t/m.

S15 : Sugar content at the sampling time, 15 (Oct.
20).

Table 13. Correlation coefficients between sugar
content at the sampling time, 15 (§15)
and the other parameters

Varieties
Parameter?
Kawemegamono Monohope  Zumo
A, 0.666* 0.481 0.825%+
Rcl5 0.747* 0.671* 0.793*

**: Significant at 5% and 1% levels, respectively.
YA, : Theoretical maximum root weight of the for-
mulae for the 2nd growth curve of root weight.
Rel5 : Calculated root weight at the samplmg time, 15
(Oct. 20). » s
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ve] zhZhof 1 RAVERXERXTTA AR,
7H128, 7TRA1H, TA11H, F2RAPEK
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Fig. 19. Changes of growth rates of root and top
calculated from the combination of the
following formulae by using fresh mean
weight from 1975 to 1982 and 1984
(“ Kawemegamono 7).

The equations of curves are as follows.
Root Primary curve:
0 5866 R(K 1+10 30586+058661)
K
Secondary curve :
= 0 2416 R(K: 1+10—1.9753+042416t>
K
(R=Fresh root weight at time, t)
Top Primary curve:
205

10"(K 14 1(-30s86+0.58061)

(x=—2.0397+0.4747 t+0.0026 t
Secondary curve:

669

1OX(K 1+10- 19753+02415t)
(x=-—0.9569+0.1297 t+0.0026 t*)
y : Growth rate
tc: Time when primary curve transfer
to secondary curve.
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Primary curve of top
10.0, Py

6.04 " Secondary curve of root

Secondary curve of top

“. Primary curve of root

" Growth rate(g/plant/day)
-
f)

—2.04

o —_—
123 45678 9101112131415
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Fig. 20. Changes of growth rates of root and top
calculated from the combination of the
following formulae by using fresh mean
weight from 1975 to 1982 and 1984
(“Monohope ).

The equations of curves are as follows.
Root Primary curve:
y 0 5688 R(K 1+10 31261+05688t)

Secondary curve:

O 2250 1.8445+0.2250t
y="20REK=1+10" )
(R=Fresh root weight at time, t)

Top Primary curve:
255

].OX(K 1+ 10~3 1261+0. sesst)

(x=-2.1050+0.4630 t+0.0027 t)
Secondary curve:

697

10x<K 1_;’_10 1.8445+0.. 2250t)
(x=-0.8234+0.1192 t+0.0027 t*

y : Growth rate
tc: Time when primary curve transfer
to secondary curve.

EEOEEEB I OWTYL, MERTENED
i, BEDOBELRABKRT L, Th—-_xHF=
L, TE/74-7), TvE] ZhFhico%, 1
KANEAMERFRTARG TH8H, 7TAI1LA,
TA8ETAHY, B2RANRAMBELTTABE
7H25H, TE24H, TA21BTHY, HELFH
B REEZ LN TR, UL, 2B
HEORAMIZIX Table 4 IR LA L 5 i, M
MEs@mEsbh, ZEENSIEBLE T2/ k-
7 1 KRR 25%, F2 RN 2% AR
BLTCEHWETS -7 JBRFEDOEI - 2V £ |
BEEFFOLEREORAMER [H -2 5%/ |
N, B1AREIRL, B2RAME -7, &

10.0
Primary curve of top

8.01 e

" " Secondary curve of root

6.01

Growth rate(g/plant/day)

o —————————————
12 3 45 6 78 9101112131415
May June July Aug Sep  Oct

Changes of growth rates of root and top
calculated from the combination of the
following formulae by using fresh mean
weight from 1975 to 1982 and 1984
(“Zumo ™).
The equations of curves are as follows.
Root Primary curve:
0 ?2)65 R(K 1+1O 31107+06065t)
Secondary curve:

0 2468 S RK=14+10" 1.9643-+0.24681)
K
(R=Fresh root weight at time, t)

Top Primary curve:
214

Fig. 21.

10"(K 1 4 1(-3-1107+0.6085t)

(x=—2.0976+0.4902 t+0.0026
Secondary curve:

680

lox(K 1+10 1.9643+0. 2468()
(x=—0.9512+0.1305 t+0.0026 t2

y: Growth rate
tc: Time when primary curve transfer
to secondary curve.
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EHEEL) ©ounTRE L,

EREER (T/R) 3#EKo T LR kb
DRDOLADRA L VEHELK

T _ K;(b+K,K,)

R‘ b 103+b(
7272 L Ky =1+4108+bt
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Table 14. Dates when growth rates of root and top EEBITE—BE, BHEOHB LM I ES
weight reached to maximum and their 289 KIECIIEMNELET 5 4 — FLOWTHR
values B, REIL o TIREER A RE L 7 1981,
Time" Kawemegamono Monohope Zumo 1982, 1984 @ 3 7 FFEDFER AN L 12,

Dates Fig. 23 ic (XEEMEMBEHH (LAD OB R LI,
thl July 12 July 15 July 11 LAI DSEBERERM TR S 2, HE KN
th2 Aug. 12 Aug. 12 Aug. 10 BB L OB D2 —v i3 rE& b 3ERBKT
Tmax 1 July 8 July 11 July 8 BHoledTIVEFEEFE L TRLI,

Tmax 2 July 25 July 24 July 21 6 AT GEZE COEBTIENLI £/ k=7 nie
Growth rates (g/plant/day) BEhrotbOORBREEINE» o7, LL, &
th1 3.00 3.61 3.24 Bh L RERMES AL oy, T/ -7 02
th2 4.04 3.92 4.20 Table 15. Ratios of growth rates of top to that of
Tmax 1 7.44 9.41 7.60 root based on fresh weight
Tmax 2 4.58 5.02 4.35
Variety
Ythl : Time when the growth rate of pri- Date
mary growth stage of root reached to Kawemegamono Monohope - Zumo
its maximum. May 30 6.64 6.81 6.48
th2 : Time when the growth rate of secon-
dary growth stage of root reached to June 10 5.27 5.49 5.09
its maximum. 20 4.22 4.47 4.02
Tmax 1: Time when the growth rate of pri- 30 3.35 3.63 3.15
mary growth stage of top reached to July 10 2 50 92.85 9.98
Tmax 2: }It‘sirrrxrclea);lr::lmt'he growth rate of secon- 20 1.58 1.88 1.39
dary growth stage of top reached to 3 1.23 1.37 1.04
its maximum. Aug. 10 0.88 1.03 0.69
20 0.53 0.68 0.32
K,= L +2 Lt 30 0.12 0.29 —0.12
LRI L b KDL REE L OHEB % Table Sep. 10 —0.38 —0.16  —0.66
15 % X 08 Fig. 22 12 7% L %2, Fig. 19~21 &R Lk 20 -0l —0.7 ~1.36
X5, BERIOEEROEREESIAEL S 0o e TLe e
TREITA~TAR 2 BB LIARL VB 2KA~B Oct. 10 —2.9 —2.24  -3.63
it B, Fig 22 107 LA REELOBRE 20 —4.u —3.26 5.4
ORI 2R | T b h, IRELLAET
ML D ABESEBIEET L%, £REE 6
HOMEE 3 BERTEAED bh, ABORBIHE § R
SETOMMIETRMC D BEFE L Ie-e £ ]
P, TOBRERERENRRTH-L[E/5-7] & 4]
&A= es | CHAEODNTHY, BEE  S_ ] R,
B EN ST Ty 2] TRLBTH -1, 5- 4 R .
PERULAEREE R 1) 5 RENZE X Fig — 61 _ SER—— AV
RS R g T/R 60 pREME L BT gt o o7 LI DIEEIE

L5DTH-7e, FHEOCEREEICX - TR
BEZELYRENRL Z 213, RECEMYREBET
EHlehBEILAEVIOEEZLRS,

e. ERBUFICLZ4EEFR

Fig. 22. Changes of ratios of growth rates of top
to that of root based on fresh weight.
The equations of curves are mentioned in
the text page 117.
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BB, vl BELHKBL, F0xER
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B L7, Fig. 22 KLU Fig 24 » ORI Xh 3 X
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Fig. 23. Seasonal changes of leaf area index in
three varieties in 1984.
@ : Kawemegamono, M: Monohope,
A : Zumo.
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Fig. 25. Seasonal changes of leaf size in three
varieties in 1984.
@ : Kawemegamono,
A : Zumo.

H : Monohope,

AB
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B BirsCe, LAIR T/ &—7] 2%
SAER, Ta—=Aaxx/ | BIVve]| 284
THECREAKELZR LA (Fig 23), Z ok
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23) B HEST L EN KRB LILEDD
DTH T

Fig. 26 iwizitA Lk (NAR) OB % 1984 4 %
BT LT 3 SO R Lz, NAR (13 Rl
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LTS8 ATA~9 R LAERIESL b, LIE10 A
Fagerdtee bR T 5 EEN SR bR, NAR
RERBEAEINT 5 DIECET LA, ThidE
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Fig. 24. Seasonal changes of number of leaves in
three varieties in 1984.
® : Kawemegamono, B : Monohope,
A Zumo.
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Fig. 26. Seasonal changes of net assimilation rate
(NAR) in three varieties in 1984.
@ : Kawemegamono, W : Monohope,
A : Zumo.
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LHEER XN B, STORER ef al®® 1, NARIZLAI
M2 ET AEIELERC L b BRIETLIRL
HHZERBEL 5, AFRIZEV-TH NAR
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ETaktid, £FOBRBICIRRERA LY, Th
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EEZbRh%, NAR O GEMZIEHE TIitd o
7o, LA/ Tyl iz x—7) 10kt
NBPREGHEARA bR, ChiEEROBE LR
iz, Ty x| HBEARLAI VNI HB LD
fao 2 BB H~NHLEROBEN NS ok Z &
CXsbnLELLIT,

B EEEEE (CGR) DRFHIFZ L % Fig. 27 12
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Ttotc. WMLtk EET R, CGROKXPIE
EE3nBH, CGRIZNAR & LAl OBk »TE
bE&hBZEmb, CGRMALAI & NAR D WTHh
Lo THEENELPEEL kD, FIT, R
CGR, LAI R XU NAROHE K% 3 ME LD
WTCRE L 72,

¥, CGR & LAI oBfRicovT&4 5% &, Fig.
aicBlomnil s, LALZS BhaicERE
footedy, XORIF2HHMO 7T A TAEE T, Ti
HH LAl 233 % 2 2 ¥ T ERAY 7cBI R
whotend, ZOR %+ L Fig 28bic R & h
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ENARD B L, Fig. 298l & » e X 5 12,
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Fig. 27. Seasonal changes of crop. growth rate
(CGR) in three varieties in 1984.
. @: Kawemegamono, M : Monohope,
A : Zumo.
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b) From the second third of August to the
middle third of October.

Fig. 28. Relations between leaf area index (LAD
and crop growth rate (CGR) in “ Mono-
hope ” in 1981.
The numerals of dots mean sampling
times.
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b) From the second third of August to the
middle third of October.

Fig. 29. Relations between net assimilation rate
(NAR) and crop growth rate (CGR) in
“Monohope ” in 1981.

The numerals of dots are same as in Fig.
28.
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Fig. 30. Relations between leaf area index (LAD
and net assimilation rate (NAR) in
“ Monohope ” in 1981.
The numerals of dots are same as in Fig.
28.
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AHE | BIVTY 2| RBEREOCOHBEZRL
e ThiEYEOLETIE (/7 +— 7] 2VEIC
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Table 16. Optimum leaf area indices (LAlopt) and maximum crop growth rates (CGRmax)
Variety r OCRG Md LTG0 (i (gimoliay | Date?
1981
Kawemegamono —0.774* y=8.373 x—1.3350 x? 3.4 13.13 Aug. 18
Monohope —0.965** y=8.481x—1.1873x? 3.57 15.15 Aug. 13
Zumo —0.649* y=8.671 x—1.2265 x* 3.53 15.33 Aug. 20
1982
Kawemegamono —0.979**  y=12.304 x—1.9091 x? 3.22 19.82 Aug. 9
Monchope —0.858**  y=10.566 x—1.5281 x* 3.46 18.26 July 22
Zumo —0.877** y=11.963x—1.9884 x* 3.01 17.99 July 22
1984
Kawemegamono —0.899** y= 9.109x—1.1112 x2 4.10 18.67 Aug. 10
Monohope —0.824** y= 8.766 x—1.1682 x? 3.75 16.44 July 29
Zumo —-0.832** y=11.585x—1.8246 x* 3.17 18.39 Aug. 4
Average for three years
Kawemegamono —0.911**  y=10.334x—1.5507 x* 3.33 17.22 Aug. 6
Monohope —0.905** y= 9.668 x—1.2785 x* 3.78 18.28 July 31
Zumo —0.898**  y=10.676 x—1.6801 x* 3.18 16.96 Aug. 7

*, **: Singnificant at the 5% and 1% levels, respectively.

Y Correlation coefficient between NAR and LAL
? Date when LAI attained optimum value.
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Fig. 31. Seasonal changes of crop growth rates

(CGR) in three varieties, shown as means
of 1981, 1982 and 1984.
@ : Kawemegamono,
A : Zumo.

B : Monohope,

ETtotz, CGRXDR & LTEREIN LEEFEDOER
EBEE (CGR-1) &5k, [®/4—7] Ttk
BRI B 2BHOLET Mo 2 @@L b, +
A OB ER & n o 72 (Fig. 33), —FTH—=
AXHE/|ETY 2| CREEERASC, #rl=
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I2HR=T| LRASETH T, TV A ONERSRE
IR TH B L HE 2B &, EYEEkOLEE
OFRCHRBOLEE D HDLEGOB R I
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Fig. 32. Seasonal changes in the dry matter distri-
bution ratio to roots (DR) in three vari-
eties, shown as means of 1981, 1982 and
1984.
@ : Kawemegamono,

A : Zumo.

B : Monohope,

PHRORVCEF YT THELE 2D, T, BE
B L L TIRMEDEDORS K 74%) (Table
17 BESTH B L b, BT 5 5REE
OECERE, FE (Y T] 0k 5 CEEROKR
PHER I BEEERT 5 EVEETH D,
Hiz Table16 /R LAz 5 My = ] 3RS PEW
LAlopt TH - ey, NWEHOREX £/ &— 7]
ER%ECHo. CGRIZEBTHI i s & NAR
L IEDHBIRR L 122, LAI & 134 0 EBIBIfRIc
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Fig. 33. Seasonal changes of crop growth rate for

root (CGR-r) in three varieties, shown as
means of 1981, 1982 and 1984.

@ : Kawemegamono, M : Monohope,

A : Zumo.

Table 17. Sugar content (%) in dry matter of
root at the harvest time, Oct. 20

Year Kawemegamono Monohope  Zumo
1981 72.5 73.5 73.1
1982 73.8 75.2 74.6
1984 73.0 74.8 74.7
Average 73.1 74.5 74.1
Analysis of variance

Source df ms F-value

Variety 2 1.5847 20.20**

Year 2 1.7857 22.76**

Error 4 0.0785

Total 8 0.8818

** . Significant at the 1% level.
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z ) L@ ThY, Kawe-J 434) EFAREOHET
T 4004 BHote, 9810H L D 10F 20 HE2ORFES D
g 200' LRAEE, Tablel9 R LIz k 5, By
~ E . N
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Fig. 34. Seasonal changes of root fresh weight in A X TKawe-] 4341 oBR P52 10 BT
three varieties, shown as means of 1985 1% ES LT\ 7e
and 1986. °
O: Monoace, [1: Kawe-] 434, DlEnXsic, HEOEB I AF vy 7 lIfET
A : Sugar mangold. ~ S X e s . N
Growth curves were expressed by the fol- T o LaTaien, *EEF')%:QO_I:%;@E@%&EK
lowing formulae. EREFIHRBETRTIENTE T, BE
Monoace;; . e o . c
Primary curve : S0 BRI, wThoRhE 2l)dFlg‘. Bl
= z X L, “
log 18§—R:_2'9467+0'6903t E5), 3RS IhAHBERL, L ORRN
7T HATEABIVCI A LEGTH- T,
Secondary curve :
R = —
logm— 1.8371+0.2251 t 12-‘
tc: July 9. ’\8 1
Kawe-J 434 ; S 14{
Primary curve: 5 124
R =
logm=—2‘9639+0.6911t § 10-
Secondary curve : g,, 8
R __ g .
log 993 R 1.9557+0.2445¢ i
tc: July 8. 4 —_ — ,
Sugar mangold : 1\1/[_'2 3 4 5 61 7 8A9 10 11812 13 1(;1 15
Primary curve: ) ay June July ug P ct
log—R-: —3.2240+0.7351 t Fig. 35. Seasonal changes of sugar content in
2l7°R three varieties, shown as means of 1985
Secondary curve :
R and 1986.
logm=—2.0584+0.2604t O Monoace, [1: Kawe-J 434,
te: July 9. A : Sugar mangold.
Table 18. Means of five characters at the harvest time, Oct. 20. in 1985 and 1986
Root Sugar Sugar Top Whole plant
Variety weight content weight weight weight
t/ha Rel.V . 9 Rel. t/ha Rel. t/ha Rel. t/ha Rel.
Monoace 57.26 100 17.10 100 9.69 100 66.60 100 123.84 100
Kawe-J 434 67.36 118 - 15.95 93 10.73 111 59.90 90  127.28 103
Sugar mangold 75.56 132 =12.40 73 9.34 96 55.00 83 130.54 105
Variance analysis
Source of
variation D.F. . F-value
Variety 2 136.97* 360.20** 17.11 13.32 13.38
Year 1 0.11 107.69 19.81 31.00 99.84

** . Significant at the 19 level.

Y Relatjve value compared to Monoace.
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Regression equations® of sugar content (y: %) to sampling time (t?).

Regression equation

Correlation coefficient

Table 19.
Growing period Variety
June 20—July 30 Monoace
Kawe-] 434
SMG?
July 30—Sep. 10 Monoace
Kawe-] 434
) SMG
Sep. 10—Oct. 20 Monoace
Kawe-] 434
SMG

y= 2.508+1.400t 0.9994**
y= 2.868+1.224¢t 0.9970**
y= 2.5834+0.995t 0.9936**
y=10.932+0.182t 0.7106
y= 9,890+0.190t 0.8003
y= 8.512+0.100 t 0.5784
y= 0.723+1.095t 0.9986**
y= 1.081+1.003t 0.9910**
y= 1.5584+0.732t 0.9917**

** . Significant at the 19 level.

Y Calculated from the average of the results in 1985 and 1986.
3 Sampling was practiced every ten days. The first sample was taken on May 30.

¥ Sugar mangold (SMG), fodder beet.

16
14
EHW
=
S 104
3
& 8
w
64
44 —— T T T v T T — 1
0 200 400 600 800 1000
Root fresh weight (g/plant)
Seasonal changes in relation between root

Fig. 36.
. fresh weight and sugar content in three

varieties, shown as means of 1985 and

1986.

O: Monoace, [1: Kawe-J 434,

A : Sugar mangold.
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Table 20. Regression equations” of sugar content (y: %) to root fresh weight (x: g/plant)

Growing period Variety Regression equation Correlation coefficient

June 20—July 30 Monoace y=  6.3934+0.0208 x 0.9956**
Kawe-]J 434 y= 6.3875+0.0154 x 0.9878**
SMG? y 5.5043+0.0116 x 0.9838**

July 30—Sep. 10 Monoace y= 11.7227+0.0016 x 0.6891
Kawe-J 434 y= 10.7497+0.0014 x 0.7383
SMG y=  9.0473+0.0005 x 0.4386

Sep. 10—Oct. 20 Monoace y=—11.3436+0.0330 x 0.8334
Kawe-J 434 y=—12.4683+0.0289 x 0.9291*
SMG y= —9.3381+0.0201 x 0.9348*

* **. Significant at the 5% and 1% levels, respectively.
Y Calculated from the average of the results in 1985 and 1986.

? Sugar mangold (SMG), fodder beet.

12

Air temperature(°'C)

123 45678 9101112131415
May June July Aug Sep  Oct

Fig. 37. Seasonal changes of air temperature in
Obihiro, shown as means of 1985 and
1986.
Air temperatures are expressed as means
of every ten-days of each month.
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Sunshine hours
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May June July  Aug Sep Oct

Precipitation(nm)

May  June July  Aug Sep Oct

Seasonal changes of air temperature, sun-
shine hours and precipitation, shown as
means from 1975 to 1982 and 1984.

Central line (-@-) shows means and
standard deviations are expressed in shad-
ed area.

Fig. 38.
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. 39. Seasonal changes of coefficient of varia-
tion of air temperature, sunshine hours
and precipitation during nine years, from
1975 to 1982 and 1984.

@ : Air temperarure, B : Sunshine hours,
A : Precipitation.
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Fig. 40. Seasonal changes of root weight.

a) Actual values, b) Coefficients of varia-

tion and c¢) Correlation coefficients
between the values on 20th of Oct. and
respective sampling times in three vari-
eties during nine years, from 1975 to 1982
and 1984. '

*: r=0.666, Significant at the 5% level.
**: r=0.798, Significant at the 1% level.
@ : Kawemegamono, M : Monohope,

A : Zumo.
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Fig. 41. Seasonal changes of sugar content.
a) Actual values, b) Coefficients of varia-
tion and c¢) Correlation coefficients
between the values on 20th of Oct. and
respective sampling times in three vari-
eties during nine years, from 1975 to 1982
and 1984,

*: r=0.666, Significant at the 5% level.
**: r=0.798, Significant at the 1% level.
@ : Kawemegamono, M: Monohope,

A : Zumo. .

M/ -7 OMBBIGRKIME CHB L,
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Table 21. F-values in variance analysis for variety and year in performance trials during nine years

Source of Root weight Sugar content Sugar weight Top weight T/R ratio
variation Variety Year Variety Year Variety Year Variety Year Variety Year
D.F. 2 8 2 8 2 8 2 8 2 8
Date
May 30 0.20 51.17** — — — — 2.85 128.57** 0.25 34.73**
June 10 0.79 68.06** — — — — 4.53* 71.60** 3.53 9.06**
20 1.97 183.91** 3.58  268.49** 0.74 277.07** 5.17* 73.36** 5.14* 23.13**
30 2.39 73.09** 4.87* 105.05** 2.61 106.27**  3.37** 32.67** 3.30 102.54**
July 10 3.64* 69.42** 8.63** 161.18** 3.47 116.43**  6.07* 23.16** 3.92* 60.68**
20 4.02* 36.15** 10.82** 101.91** 5.63* 41.39** 21.96** 20.06** 12.97** 14.80**
30 10.86** 38.49** 18.98** 120.90** 13.59** 59.00** 24.59** 15.48** 15.98** 8.22%*
Aug. 10 9.49** 18.56** 34.61** 210.70** 19.31** 51.25** 47.25** 15.13** 38.20** 14.68**
20 4,79* 28.89** 69.79** 183.92** 29.17** 68.84** 30.11** 12.92** 36.84** 14.20**
30 1.91 11.33** 44.03** 35.77** 12.26** 18.99** 41.41** 16.74** 49.15** 13.35**
Sep. 10 2.09 13.86** 48.87** 53.70** 14.22** 21.91** 28.58** 11.01** 55.35** 10.01**
20 1.36 9.38** 76.86** 16.94** 8.05**  11.34** 43.15** 16.26** 62.82** 18.76**
30 3.37 21.55** 73.74** 19.28** 7.99**  26.95** 83.10** 26.74** 61.81** 19.91**
Oct. 10 1.57 22.36** 77.62** 28.34** 8.26**  28.81** 52.05** 16.55** 50.50** 14.36**
20 1.76 20.44** 38.26** 15.55** 7.17**  23.49** 92.24** 21.88** 76.73** 15.61**

*, ** . Significant at the 5% and 1% levels, respectively.
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Fig. 42. Seasonal changes of sugar weight.

a) Actual values, b) Coefficients of varia-
tion and c) Correlation coefficients
between the values on 20th of Oct. and
respective sampling times in three vari-
eties during nine years, from 1975 to 1982
and 1984.

*: r=0.666, Significant at the 5% level.
**. r=0.798, Significant at the 19 level.
@ : Kawemegamono, W : Monohope,

A : Zumo.
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Fig. 43. Seasonal changes of top weight.
a) Actual values, b) Coefficients of varia-
tion and c) Correlation coefficients
between the values on 20th of Oct. and
respective sampling times in three vari-
eties during nine years, from 1975 to 1982
and 1984.

*: r=0.666, Significant at the 5% level.
** . r=().798, Significant at the 1% level.
® : Kawemegamono, M : Monohope,

A : Zumo.
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Fig. 44. Yearly changes of root weight, sugar con-

tent, sugar weight and top weight in three

varieties.

@ : Kawemegamono,

A : Zumo.
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Table 22. Mean weights of laminae, petioles and
crowns at harvest time, Oct. 20 during

nine years
; Laminae Petioles Crowns
Variety (g/plant) (g/plant) (g/plant)
Kawemegamono 197 272 123
Monohope 251 375 132
Zumo 182 218 97
Analysis of variance
Source of .
variation D.F. F-value
Variety 2 26.33**  38.51** 7.49**
Year 8 21.40** 13.22** 3.20*
*, **: Significant at the 5% and 19% levels,
respectively.

Table 23. Percentages of laminae, petioles and
crowns to top fresh weight at harvest
time, Oct. 20. during nine years

Variety Laminae Petioles Crowns
Kawemegamono 33.3 45.9 20.8
Monohope ) 33.0 49.5 17.4
Zumo 36.5 44.0 19.5
Analysis of variance
Source of _
variation D.F. F-value
Variety 2 2.08 3.12 3.19
Year 8 10.79** 4.80** 10.20*

** . Significant at the 1% level.

Table 24. Coefficients of variation (%) for four
characters at harvest time, Oct. 20. dur-
ing nine years

Character Kawemegamono Monochope Zumo
Root weight 12.6 9.3 15.7
Sugar content 2.5 2.5 3.6
Sugar yield 12.0 10.5 14.3
Top weight 20.8 14.3 26.2
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Table 25. Partial correlation coefficients between root weight at harvest time, Oct. 20. and

three weather factors in each month

Air temperature Sunshine Precipitation
Kawe- Kawe- Kawe-

megamono Monohope Zumo megamono Monohope Zumo megamono Monchope Zumo
May .202 .220 .015 .420 190 119 .216 .183 —.237
June .007 .200 .236 122 013 .241 —.462 —.312 —.638
July —.226 —.121 ~.200 .607 .489 .281 072 .138 —.273
Aug. .167 . 400 —.118 —.418 —.315 .025 —.754* —.795*  —.759*
Sep. —.388 —.316 —.401 —.351 —.256 —.123 —.224 —.296 —.324
Oct. —.145 —.354 012 —.138 —.048 .066 .007 .291 .252

*: Significant at the 5% level.
Table 26. Partial correlation coefficients between sugar content at harvest time, Oct. 20.
and three weather factors in each month
Air temperature Sunshine Precipitation
Kawe- Kawe- Kawe-

megamono Monohope Zumo megamono Monohope Zumo megamono Monohope Zumo
May .273 .283 ~.062 —.333 —.406 —.003 —.451 ~—.463 —.265
June .385 .348 .087 —.039 —.184 —.142 —.636 —.464 —.742
July —.382 —.552 —.460 279 437 421 .035 .270 .201
Aug. —.541 —.577 —.471 151 .434 170 —.915** —.787* —.690
Sep. —.240 —.042 .108 —.426 —.475 —.382 -.303 ~.093 .198
Oct. —.136 —.205 ~.045 ~.277 —.470 —.344 .044 072 - .086

*, **: Significant at the 5% and 19 levels, respectively.
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Table 27. Partial correlation coefficients between sugar weight at harvest time, Oct. 20. and
three weather factors in each month
Air temperature Sunshine Precipitation
Kawe- Kawe- Kawe-
megamono Monohope Zumo megamono Monohope Zumo megamono Monohope Zumo
May .207 .228 —.018 .300 077 105 082 046 —.259
June .060 .249 214 .096 —.034 .151 —.514 —.37 —.687
July —.280 —.250 —-.291 .572 .507 .339 .067 177 —.173
Aug. 071 .209 —.255 —.372 —.165 .092 —.799* - .816* —.777*
Sep. —.372 —.275 —.298 —.377 —.319 -.184 —.237 —.258 —.204
Oct. —.147 -.339 .002 —.173 —.149 —.034 .013 .264 193
* . Significant at the 5% level.
Table 28. Partial correlation coefficients between top weight at harvest time, Oct. 20. and
three weather factors in each month
Air temperature Sunshine Precipitation
Kawe- Kawe- Kawe-
megamono Monohope Zumo Megamono Monohope Zumo megamono Monohope Zumo
May —.141 —.478 371 .781* .857* 422 —.463 —.738 —.634
June —.160 —.088 011 .209 .129 .054 —.412 —.446 —.536
July —.263 —.821* —.583 —.193 .420 075 —.832* —.921** —.711
Aug. —.442 —.569 —.635 —.189 .175 —.216 —.196 —.166 —.586
Sep. —.835* —.748 —.796* —.370 -.311 —.653 —.607 —.332 —.629
Oct. 548 526 410 —.029 —.109 —.319 —.505 —.312 —.560
* . Significant at the 5% and 1% levels, respectively.
Table 29. Partial correlation coefficients between weight of laminae at harvest time, Oct.
20. and three weather factors in each month
Air temperature Sunshine Precipitation
Kawe- Kawe- Kawe-
megamono Monohope Zumo megamono Monohope Zumo megamono Monohope Zumo
May —.141 —.478 .371 781 .857* .422 —.463 —.738 —.634
June —.160 —.088 011 .209 129 .054 —. 412 —.446 —.536
July —.263 —.821* —.583 —.193 .420 075 —.832* —.921** - 711
Aug. —.442 —.569 —.635 —.189 .175 —.216 —.196* —.166* —.586
Sep. —.835* —.748 —.796* —.370 —.311 —.653 —.607 —.332 —.629
Oct. 548 .526 .410 —.029 —.109 -.319 —.505 —.312 —.560

* **. Significant at the 5% and 194 levels, respectively.
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Table 30. Partial correlation coefficients between weight of petioles at harvest time, Oct.
20. and three weather factors in each month

Air temperature Sunshine Precipitation
Kawe- Kawe- Kawe-

megamono Monohope Zumo megamono Monohope Zumo megamono Monohope Zumo
May 213 —.656 ~.278 —.107 .519 .099 —.499 —.581 —.635
June —.005 —.704 —-.382 .231 .685 .524 -.807* —.910** — .887**
July —.258 —.261 —~.360 .001 —.212 —.015 —.296 —.515 —.3%4
Aug. —.662 —.427 ~.589 —.569 .039 .029 —.886** —.177 —.541
Sep. —.418 —.121 ~.188 -~ .476 141 —.142 - .363 .100 -.020
Oct. .234 .624 .499 —.287 .258 —-.072 —.484 —.228 —.316

*, **. Significant at the 59 and 1% levels, respectively.

Table 31. Partial correlation coefficients between weight of crowns at harvest time, Oct. 20.
and three weather factors in each month

Air temperature Sunshine Precipitation

mg;me(;no Monohope Zumo mé{gi?ln%n o Monohope Zumo m é{gz‘:,n%n o Monohope Zumo
May —.474 —.109 .276 494 101 —.023 .494 .503 275
June .219 .475 .806*  —.283 —.186 —.615 .227 194 732
July .166 797+ .389 .508 .128 135 .246 .155 —.120
Aug. .094 747 .223 .606 —.100 147 .375 —.518 —.097
Sep. 312 .046 —.470 .385 .248 —.139 .557 —.076 —.421
Oct. —.449 —.811* —.569 .065 .330 —.184 .702 .762* .331

*: Significant at the 5% level.

Table 32. Partial correlation coefficients between root weight at harvest time, Oct. 20. and
three weather factors in the respective ten days when the correlations were rela-
tively high

Air temperature Sunshine Precipitation
mtle{giﬁgno Monohope  Zumo mg{gz‘;]nec;no Monohope ~ Zumo éz‘r?c;no Monohope  Zumo
Middle third  — 125 295 M6 -.143 048 24 -1 —.193 1%
f)‘f‘sﬁlffgrd -.226 ~.118  —.008 165 068 096 —.147 02 -39
Pt third - — a7 191 031 951+ 8540 756 .864* 528 53
Middle third  _ 297 ~ 28 — 418 —.384 — 456 40 =190 088 —.373
Sy e 672 584 —.605 —.69%  —.662 -7  —.678  —.844*
o henird 481 556 211 —.719 -5 —.38  —.647  —.710  —.53

X Sighiﬁcant at the 5% and 1% levels, respectively.

BEBRHOSE L NEMOME & 0By X 32~35 iR LTz,
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Table 33. Partial correlation coefficients between sugar content at harvest time, Oct. 20.
and three weather factors in the respective ten days when coeffiicients were rela-

tively high

Air temperature Sunshine Precipitation
mg‘;m 10 Monohope  Zumo m?gz‘;‘,nec; o Monohope  Zumo m?gzvr:l% 10 Monohope ~ Zumo
Hoiihid — _g5% - 606U 59 6416 3100 .61
2’%“}3{; third — _ 773+ _ 7980 —.683  —.557 —.146 009 —.178 106 —.064
Last third 436 01 540 — 463 —.324 —.504  —.630  —.412  —.668
Hreghrd —os - -6 -.289 -0 -9 T 70 488
%idA‘ﬂ; third — _ g4 - 644 —.6T4 666 693 657 365 481 318
*, **. Significant at the 5% level.
Table 34. Partial correlation coefficients between sugar weight at harvest time, Oct. 20. and
three weather factors in the respective ten days when coeffiicients were relatively
high
Air temperature Sunshine Precipitation
mg;i‘;vn%n o Monohope ~ Zumo mé{ga;“r;fo- 1o Monohope  Zumo m(Ie{gz;‘;Vn% 10 Monohope  Zumo
g@ifggithird - 129 AT —.05 —.018 056 246 —.828°  —.696  —.69
OL;‘S]EJ;};M - .138 —.030 001 065 —.049 015 —.207 007 —.387
g?ffﬁﬁjﬁfd ~.323 -.009  —.194 925+ 808*  .770* .804° 467 566
g’?fﬂ}; third — _ 403 -.398  —.567  —.410 —419 —.384  —.195 093 —.329
gfﬁglythird 633 640 628 —.62 665  —.679  —.783°  —.665  —.849*

*, ** . Significant at the 5% and 1% levels, respectively.
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Table 35. Partial correlation coefficients between top weight, weight of laminae and weight
of petioles at harvest time, Oct. 20. and precipitation in the respective ten days

when coeffiicients were relatively high

Air temperature Sunshine Precipitation
mézwm%n o Monohope  Zumo mggi‘;vn%n o Monohope  Zumo mé{gz%% 0 Monohope  Zumo
M third g 806 .90 —.919% -8l .90 g 8500 - o0l
pastibrd o gge 799 a6t -5 - 68T .07 T —.79 - 856
Mijaetid g5 g -0 683 681 —60 645 -5 .6
AN gmree —gge g3t — 830 -85 -8 766 -7t 89
Mo thid 34 765 -8 -8 —793 -3 213 -84 .20

*, **: Significant at the 5% and 1% levels, respectively.
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Beginning of accumulaltion

Table 36. Correlation coefficients between root weight and air temperatures® in Memuro area (1981-1990)

End of accumulation

May June July August September October

First Middle Last First Middle Last First Middle Last First Middle Last First Middle Last First Middle
May
First  0.141 0.121 0.249 0.492 0.745 0.760 0.839 0.835 0.838 0.841 0.837 0.843" 0.798" 0.807" 0.831 0.809" 0.783"
Middle 0.063 0.223 0.518 0.764 0.763 0.820° 0.818° 0.797 0.774 0.767 0.775 0.736 0.747 0.774  0.759 0.739
Last 0.377 0.701 0.827" 0.798  0.855 0.820° 0.780° 0.744 0.741 0.753 0.723 0.735 756 0.750 0.735
June '
First 0.642 0.817° 0.776 0.846 0.808 0.770 0.741 0.744 0.758 0.732 ¢ 741 0.764 0.755 0.740
Middle 0.741 0.723 0.834" 0.744 0.667 0.609 0.610 0.626 0.605 0.631 0.657 0.656 0.653
Last 0.425 0.733 0.58 0.500 0.451 0.458 0.480 0.450 0.506 0.547 0.535 0.541
July
First 0.816° 0.504 0.399 0.348 0.358 0.391 0.363 0.434 0.480 0.480 0.492
Middle 0.062 0.105 0.077 0.132 0.174 0.157 0.250 0.299 0.289 0.338
Last 0.119 0.060 0.124 0.168 0.146 0.240 0.292 0.292 0.355
August
First —0.030 0.006 0.153 0.134 0.252 0.317 0.318 0.394
Middle 0.240  0.330 0.205 0.377 0.481 0.423 0.466
Last 0.168 0.118 0.337 0.398 0.303 0.376
September
First 0.005 0.340 0.477 0.313 0.395
Middle 0.501 0.434 0.334 0.425
Last 0.213 0.036 0.260
October
First —0.116  0.186
Middle 0.401

* **. Significant at the 59% and 1% levels, respectively.

Y Temperatures used for calculation were the mean ones of ten days.
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Beginning of accumulaltion

Table 37. Correlation coefficients between root weight and sunshine hours in Memuro area (1981-1990)

End of accumulation

May June July August September October
First Middle Last First Middle Last First Middle Last First Middle Last First Middle Last First Middle

May

First —0.467 —0.437 —0.193 0.087 0.498 0.683 0.670 0.614 0.663 0.693 0.697 0.550 0.662 0.621 0.584 0.570 0.546
Middle —0.169 0.189 0.363 0.645 0.843 0.756 0.723 0.775° 0.761 0.715 0.591 0.687 0.659 0.622 0.609 0.599
Last 0.405 0.553 0.750 0.900° 0.840° 0.851° 0.862° 0.821 0.750 0.625 0.709 0.675 0.643 0.636 0.626
June

First 0.336 0.685 0.808° 0.769 0.782° 0.793° 0.779" 0.748 0.593 0.696 0.648 0.605 0.594 0.580
Middle 0.815° 0.901" 0.819° 0.822° 0.793° 0.690 0.657 0.486 0.593 0.545 0.506 0.504 0.486
Last 0.326 0.547 0.408 0.335 0.145 0.335 0.163 0.340 0.323 0.298 0.306 0.272
July

First 0.347 0.094 0.146 —0.123 0.173 0.013 0.201 0.216 0.197 0203 0.163
Middle —0.308 —0.265 —0.449 —0.052 —0.173 0.042 0.086 0.082 0.092 0.044
Last 0.037 —0.203 0.115 —0.036 0.162 0.187 0.172 0.182 0.135
August

First ~0.357 0.123 —0.059 0.171 0.196 0.174 0.179 0.126
Middle 0.447 0.112 0.361 0.323 0.284 0.281 0.223
Last —0.321 0.150 0.167 0.145 0.152 0.082
September

First 0.642 0.409 0.339 0.330 0.219
Middle 0.160 0.119 0.125 0.024
Last 0.020 0.054 —0.082
October

First 0.075 —0.121
Middle —0.200

*, **: Significant at the 5% and 1% levels, respectively.
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Table 38. Correlation coefficients between root weight and precipitations in Memuro area (1981-1990)

Beginning of accumulaltion

End of accumulation

May June July August September October
First Middle Last First Middle Last First Middle Last First Middle Last First Middle Last First Middle
. May
First  0.360 —0.150 —0.429 —0.652 —0.775 —0.774 —0.926 —0.733 —0.673 —0.524 —0.680 —0.758 —0.781 —0.715 —0.624 —0.627 —0.550
Middle —0.574 —0.700 —0.783"—0.819"—0.796 —0.878 —0.780 —0.755 —0.606 —0.690 —0.754 —0.775 —0.704 —0.617 —0.607 —0.543
Last —0.539 —0.741 —0.809 —0.724 —0.793 —0.585 —0.547 —0.432 —0.607 —0.704 —0.718 —0.654 —0.555 —0.544 —0.456
June
First —0.634 —0.822"—0.703 —0.796 —0.494 —0.468 —0.379 —0.581 —0.695 —0.726 —¢ g4& —0.527 —0.512 —0.415
Middle —0.518 —0.545 —0.682 —0.220 —0.239 —0.211 —0.457 —0.64> —0.647 —0.566 —0.437 —0.418 —0.313
Last —0.464 —0.605 0.017 —0.045 —0.093 —0.420 —0.629 —0.640 —0.559 —0.416 —0.390 —0.267
July
First —0.228  0.416 0.288 0.138 —0.191 —0.490 —0.481 —0.427 —0.287 —0.246 —0.115
Middle 0.659 0.507 0.263 —0.105 —0.426 —0.441 —0.356 —0.224 —0.190 —0.057
Last —0.166 —0.134 —0.480 —0.665 —0.692 —0.581 —0.443 —0.402 —0.283
August
First —0.112 —0.473 —0.668 —0.707 —0.566 —0.423 —0.377 —0.262
Middle —0.49%6 —0.675 —0.818 —0.592 —0.424 —0.362 —0.246
Last —0.561 —0.680 —0.582 —0.311 —0.201 0.024
September
First 0.026 0.078 0.162 0.193 0.353
Middle 0.048 0.138 0.176 0.334
Last 0.204 0.233  0.409
October
First 0.145  0.402
Middle 0.489

*, **:. Significant at the 59 and 19 levels, respectively.
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Table 39. Multiple correlation coefficients between root weight and three meteorological factors” in Memuro area (1981-1990)

End of accumulation

May June July August September October
First Middle Last First Middle Last First Middle Last First Middle Last First Middle Last First Middle

May

First  0.901 0.714 0.681 0.751 0.875 0.866 0.945° 0.916" 0.915" 0.895 0.868 0.874 o0.861 0.876 0.895 0.904 0.910
Middle 0.770  0.897 0.832 0.891 0.924" 0.938" 0.918" 0.910 0.83 0.803 0.828 0.827 0.826 0.835 0.844 0.851
Last 0.564 0.795 0.903 0.940° 0.944° 0.957 0.931 0.845 0.800 0.803 0.824 0.815 0.813 0.825 0.831
June

First 0.810 0.933° 0.899 0.934" 0.943° 0.915 0.846 0.807 0.800 0.832 0.814 0.808 0.818 0.827
Middle 0.907 0.912° 0.926" 0.879 0.830 0.700 0.676 0.751 0.754 0.727 0.718 0.732 0.725
Last 0.540 0.823 0.600 0.512 0.496 0.565 0.829 0.680 0.643 0.642 0.652 0.623
July

First 0.868 0.660 0.488 0.656 0.581 0.921° 0.580 0.525 0.562 0550 0.509
Middle 0.819 0.591 0.633 0.372 0.778 0.446 0.386 0.390 0.372 0.357
Last 0.206 0.317 0.492 0.754 0.774 0.58 0.507 0.518 0.478
August

First 0.535 0.479. 0.738 0.725 0.586 0.53 0.575 0.551
Middle 0.549 0.764 0.821 0.696 0.733 0.760 0.780
Last 0.712  0.740 0.749 0.705 0.660 0.605
September

First 0.720 0.8 0.771 0.780 0.788
Middle 0.583 0.472 0.594 0.655
Last 0.385 0.841 0.59
October

First 0.385 0.428
Middle 0.537

*, ** . Significant at the 5% and 1% levels, respectively.

Y Air temperatures, sunshine hours and precipitations.
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Table 40. Root weight, top weight and their
growth rate (“ Monoace” in Obihiro,

1985-1990)
Weight Growth rate
No. Date (t/ha)? (t/ha/10 days)?

Root  Top Root Top
1 May 30 0.18 1.20 0.1448 0.7750
2 June 10 0.91 5.23  0.4542 1.9895
3 20 2.72 12.19 1.2172 4.3367
4 30 6.74 22.87 2.1934 6.0805
5 July 10 11.88 34.91 2.0417 3.5966
6 20 17.77 48.99 2.6337 3.7752
7 30 22.99 54.81 3.0751 3.4545
8 Aug. 10 30.73 61.10 3.1976 2.6000
9 20 38.91 64.10 2.9479 1.4229
10 30 45.06 66.10 2.4316 0.2659
11 Sep. 10 49.99 64.71 1.8291 —0.6112
12 20 53.66 64.43 1.2832 —1.1302
13 30 55.73 62.67 0.8570 —1.3451
14  Oct. 10 56.57 57.77 0.5538 —1.3536
15 20 57.10 55.31 0.3503 —1.2422

» Actual value.
2 Calculated value derived from the equation of

growth rate.
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Beginning of accumulaltion

Table 41.

Multiple correlation coefficients between root weight and three meteorological factors® in Memuro area (1981-1990)

End of accumulation

May June July August September October

First Middle Last First Middle Last First Middle Last First Middle Last First Middle Last First Middle
May
First ~ 0.901 0.714 0.679 0.783 0.950 0.917 0.966 0.945" 0.925" 0.89> 0.85i o0.841 0.877 0.858 0.830 0.824 0.827
Middle 0.770 | gg7  0.847 0.92? 0.95§: 0.95§: 0.93{{ 0.91§: 0.847 0.814 0.817 M 0.824 0.796 0.788 0.790
Last 0.564 0.802  0.910 0.941  0.950" 0.964 0.931° 0.849 0.811 0.799 0.830 0.818 0.784 0.775 0.772
June
First 0.810 0.933" 0.900  0.936  0.945° 0.905 0.842 0.810 0.791 0.840 0.808 0.770 0.761 0.760
Middle 0.907 0.907 0.920° 0.887 0.833  0.715 0.710 0.760 0.776_ 0.739 0.693 0.689 0.672
Last 0.540 0.797 0.620 0.536 0.608 0.637 0.800 0.711 0.649 0.571 0.580 0.535
July
First 0.868 0.658 0.495 0.683 0.544 0.860 0.621 0.498 0.418 0415 0.355
Middle 0.819 0.592 0.628 0.328 0.765 0.443 0.369 0.229 0.194 0.065
Last 0.205 0.320 0.487 0.746 0.841 0.672 0.486 0.434 0.327
August .
First 0.535 0.481 0.728 0.746 _ 0.629 0.500 0.421 0.387
Middle 0.549 0.715 0.822  0.753 0.526 0.443 0.469
Last 0.712 0.808 0.725 0.676 0.505 0.618
September
First 0.720 0.939° 0.661 0.700 0.741
Middle 0.583 0.464 0.588 0.647
Last 0.385 0.842 0.591
October
First 0.385 0.434
Middle 0537

*, **: Significant at the 59 and 19§ levels, respectively.

D Air temperatures weighted by growth rate of tops, sunshine hours and precipitations.

2 Coefficients underlined are larger than those calculated using unweighted air temperatures.
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Table 42. Prediction of root weight? in the method of growth analysis.

Year Standard 1cvcl)lrl:teillzllgon
1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 error coefficient

May

1 48.3 58.6 46.6 56.8 51.3 51.8 53.4 50.0 48.5 59.3 2.04 0.901*

2 48.7 52.6 47.0 53.0 53.6 52.8 50.7 54.1 51.6 60.3 2.65 0.714

3 49.4 54.2 457 506 55.6 51.8 51.8 54.3 53.8 57.4 2.63 0.679
June

1 48.1 52.8 458 52.1 564 51.6 54.9 53.0 50.7 59.2 2.56 0.783

2 46.1 56.0 44.5 55.7 54.7 53.2 54.4 50.6 49.8 59.6 1.56 0.950**

3 46.4 55.2 44.3 53.6 54.3 55.4 55.9 53.0 48.3 58.1 1.92 0.917**
July

1 45.5 56.8 44.0 555 55.6 54.1 54.4 52.6 48.5 57.5 1.29 0.966**

2 47.9 57.9 436 54.7 55.7 51.0 55.4 51.3 49.2 57.9 1.59 0.945%*

3 47.9 56.1 42.8 54.6 56.9 51.9 54.9 50.5 51.4 57.6 1.85 0.926**
August

1 477 55.8 43.5 56.0 56.0 51.6 53.7 49.5 53.4 57.4 2.14 0.892*

2 48.1 54.6 44.5 58.0 56.7 51.0 53.0 49.6 53.0 56.1 2.33 0.854*

3 48.6 53.5 44.6 58.7 57.2 51.5 51.7 50.7 51.9 56.0 2.38 0.841*
September

1 47.7 55.1 44.8 58.4 57.2 51.1 51.9 50.0 51.9 56.4 2.22 0.877*

2 49.4 54.6 44.5 59.0 57.4 51.4 52.2 49.6 51.4 55.1 2.31 0.858*

3 50.5 54.7 44.5 59.3 56.7 51.1 51.9 49.7 51.6 54.5 2.43 0.830
October

1 50.4 54.9 44.7 59.9 55.8 51.2 52.1 49.6 51.7 54.2 2.46 0.824

2 50.7 54.9 44.8 60.1 555 52.1 51.3 49.3 51.5 54.3 2.45 0.827
Actual '
value 47.6 58.3 43.1 56.5 55.3 54.6 53.5 50.5 48.0 57.3

*, **: Significant at the 5% and 1% levels, respectively.
Y Root weight (t/ha) was calculated by the equations of multiple regression for three meterological factors
(air temperatures weighted by growth rate of tops, sunshine hours and precipitations) in Memuro area

during 1981-1990.
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Summary

In the history of sugar beet cultivation in Japan,
the first trial was carried out in Tokyo and Sapporo
around 1870. Since then sugar beet has developed
into one of the major crops in Hokkaido because of
the improvement in cultivation methods and vari-
eties. In the present study developmental types of
suger beet were investigated under modern cultiva-
tion practice by using four old and new varieties in
Hokkaido.

Through this study, varietal
agronomic characters were evaluated to classify

differences in
developmental types. Furthermore, yearly changes
of main characters were surveyed under the various
meteorological conditions and the results were
applied for forecasting yields. The experimental
results obtained are summarized as follows:

1. Two old varieties, “ Hon-iku 192go ” and
“Donyu 2go”, a semi-modern variety, “ Kawe-
poly ”, and a modern variety, “ Monoace”, were
chosen for the experiment, and they were grown
under the identical cultivation practices which are
now widely used for sugar beet cultivation.

At harvesting time around mid October, the mod-
ern variety “ Monoace” produced 309 higher root
weight, 5% higher sugar content, 40% higher sugar
weight and 209 lower top (leaf and stem) weight
As to the ratio
between top and root weight, the modern variety

in comparison with the others.

showed lower values than the two old varieties.
The ratio of root weight to whole plant weight in
dry matter was also higher in the modern one from
The distribution ratio of
assimilation products to roots was higher in the
modern one than in the others.

early growth stage.

. Features of the wmodern variety, “ Monoace ”
were characterized by the superiority in top weight
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in the first half of growth and a rapid decrease of
top weight before the harvest time. The content of
nonsugar substances such as K, Na and N
contained in amino acids was lower in the modern
variety than in the others.

2. Growth curves were drawn to express growth
behaviour in sugar beet. Root growth curves were
produced from the combination of two logistic
curves for the primary and the secondary growth,
and the growth curve of top weight was expressed
as a quadratic regression curve of the logarithm of
T/R (the ratio of top to root weight).

Growth curves were obtained from the data over
nine years for the three varieties belonging to a
high root yield, a high sugar content and an inter-
mediate type. It is noted that the growth curve for
a high root yielding variety showed a larger curva-
ture than that of a high sugar content variety. In
all varieties used, the root weights at harvest time
indicated superiority when the ratio between the
curvature for the primary growth and that for the
secondary growth became larger in spite of the
small curvature in the secondary growth.

There was a remarkable difference between the
high root yielding variety and the high sugar con-
tent variety in the logarithm of T/R. In the regres-
sion curve of logarithm of T/R to growing period,
a falling incline was more prominent in the high
sugar content variety than in the high root yielding
variety. In addition, the time when top weight rea-
ched the maximum value was earlier in the high
root yielding variety.

3. By differentiating the formulae of root and top
growth curves, growth rate of fresh top weight was
calculated. Although differences in the root growth
rates were not significant among the varieties used
the fresh top weight showed a significant difference.
Thus when the top growth rate attained the maxi-
mum value around July 10th, a small difference was
recognized between varieties used and there was a
tendency for the maximum value of top growth rate
to be larger in the high top weight variety. The
ratio between top and root growth rate decreased
following mid growth and a significant difference
was recognized between different varieties.

4. In order to analyse the growth behaviour,
growth factors were examined in the different vari-
eties. The leaf area index (LAD indicated the
maximum value from the end of July to the begin-

ning of September. This was caused by the devel-
opment of larger leaves occuring in this period.
However, LAl decreased gradually towards the
later growing period due to the production of small
leaves. The net assimilation rate (NAR) de-
creased from the beginning of the growth until the
end of August and increased slightly up to the
beginning of October. This means mutual shading
of the leaves within the crop canopy. The crop
growth rate (CGR) correlated with LAI until LAI
reached a higher value beyound 3 and after that
CGR correlated with NAR. Optimum LAI
(LAlopt) varied from 3 to 4 among the varieties
used. Varieties showing flourishing leaf growth had
a high value of LAlopt and reached it earlier than
the other varieties. Varieties having higher CGR
values did not always produce a high yield and
there were differences in the distribution of dry
matter to the roots among the varieties.

5. Both the high root yielding and the high sugar
content varieties were used for the survey of period-
ical growth, and the varietal differences in the
growth periods were examined to search for the
turning points of growth stage.

Varietal differences were prominent especially in

the relation between root weight and sugar content
during growing period. Depending on this relation,
growth stages of sugar beet were divided into three
stages: the first growth stage in which both root
weight and sugar content increase, the second
growth stage in which root weight increases rapidly
and sugar content stagnates, and the last growth
stage in which root weight stagnates and sugar con-
tent increases rapidly. The two growth turning
points were shown around the end of July and the
beginning of September which corresponded to
mean temperatures ‘of 18°C or 19°C in both points.
6. In order to exa;ﬁine yearly changes of the main
agronomic characters due to weather conditions,
three varieties were tested during nine years under
the same cultivation practice.

The ranking of root weights was not stable from
year to year, while sugar content, sugar weight and
top weight were rather stable. Coefficients of vari-
ations were lower in sugar contents but higher in
top weights .among the varieties used. Coefficients
of variation for root weights, sugar contents and
sugar weights differed among the varieties used.

No correlations were observed between root
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weights and air temperatures during growth periods.
Correlations between root weights and sunshine
hours in early July were recognized in all varieties.
There was a tendency for low root weights to be
caused by heavy precipitation during mid June and
from the end of July to the beginning of August.
No differences were found among varieties in this
relation either. No high correlations were observed
between sugar content in autumn and any meteoro-
logical factor. Low sugar contents in autumn have
some relation with high air temperatures in mid
July and heavy precipitation during the middle of
the growth period. A high positive correlation was
observed between sugar weights in autumn and sun-
shine hours in early July as well as root weights.
No significant correlations were observed between
top weights and air temperatures or sunshine hours.
However, top weights were negatively correlated
with precipitation up to the middle of the growing
period.

It is concluded that precipitation from the begin-

ning of growth to the middle of the growing season
was the most important meteorological factor for
sugar beet cultivation. The effects of precipitation
also differed among the varieties.
7. A multiple regression equation was calculated
from data over ten years using the relation between
root weights and meteorological factors such as air
temperatures, sunshine hours and precipitation in
the territory of Memuro beet sugar factory in Hok-
kaido. Relatively high correlations were found
between root weights at harvest time and meteoro-
logical factors from the end of June to the end of
July. During this period, increases in both top and
root weight were prominent. Due to weighting air
temperatures by the growth rate of top weight,
accuracy of correlation coefficients mentioned above
was fairly improved.



