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ABSTRACT 

In this study, genetic model of sugar yield components; namely, root weight, 
sugar content. harmful non-sugar content (K, Na and amino-N), and tops; 
namely, top weight, leaf number and plant height were analyzed in the F1 
generation of half diallel crosses by using self-fertilized 0-types as parent 
Results were as follows; for root weight, top weight, plant height and amino-N, 
heterosis effects were clearly shown in the F1 generation, since the dominance 
variances (H1) were higher than the additive variances (D), and the average 

degree of dominances (,H1/D) of them was over 1 0 On the other hand, for 

sugar content, Na. K and leaf number, the additive variances were higher than 
the dominance variances. and narrow sense heritability values of sugar content 
and K were 92.1% and 90.4%, respectively. In conclusion, sugar content, K and 
leaf number could be improved by the individual selection based on the 
phenotypes in parent However, for other traits in which heterosis effects were 
shown prominently, the line selection based on the combining ability test in F1 
may help to fulfill the goal 

INTRODUCTION 

In the three way top cross, various hybrids of sugarbeet (Beta vulgaris L.) were 
developed with the pollinators crossed to the seed parents These seed parents 
were also F1 's crossed by one CMS with another 0-type (maintainer), because 
higher heterosis effects were obtained with regard to the root weight and the 
seed amount for F1 seed parents than for seed parents by only CMS lines 
(Ogata, N. eta/., 1999). But it is difficult to analyze the genetic effects originated 
from each line on the three way top cross hybrids. For this reason knowledge of 
the inheritance in the seed parents should be important before analyzing in the 
three way top cross hybrid However, a few clear genetic information of seed 
parent breeding with regard to yield components and especially top traits have 
so far been known in sugarbeets This information would be useful for 
developing superior seed parents through the 0-type and CMS breeding 

Since 1970, self-fertility (SF) lines have widely been used for developing the F1 
seed parents of sugarbeets in Japan (Hachinohe, M. eta/., 1984). The diallel 
analysis is the popular method by using the quantitative traits in self-fertility 
plants However results of using diallel crosses on sugar yield and top traits in 
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sugarbeets have been reported by a few (Watson, J. F. & Gabelman, W. H., 

1984), except for studying on the seed production traits (Battle, J. P & 

Whittington, W. J, 1971; Sadeghian, S. Y & Khodai, H., 1998). In this study, 

genetic model of sugar yielding traits and tops were analysed in F1 hybrids of 
half diallel crosses by using self-fertilized 0-type as seed parents. 

MATERIALS AND METHODS 

As the parents of diallel cross, 5 popular self fertilized 0-types (NK-183mm-O, 
NK-185BRmm-O, NK-195mm-O, NK-219mm-O and NK-229BRmm-O) 
developed from different origins were used, and for 10 diallel cross F1 hybrids of 
them were harvested effectively by using CMS as seed parents side. Materials 
total 15 lines were tested in direct planting condition at the test field by random 
block design with 4 replications of 81m 2 plot Sowing date and harvesting date 
were 24 April and 16 October in 2000, respectively. The traits investigated were 
sugar yielding traits, namely root weight, root length, root circumference, sugar 
content and harmful non-sugar content (K, Na and amino-N), and tops, namely 
top weight, leaf number and plant height Here the leaf number and plant height 
were investigated an individual plant base in 2 times at 19 June and 19 
September Other traits were investigated by plot base at the harvest date. 
Diallel analysis was calculated for each trait of plot mean by the computer soft 

"DIALL" developed by Prof. Ukai (Ukai, Y., 1989). Epistasis effects were 
estimated from the analysis of variance on Wr (co variance of parent and F1)

Vr (variance of observed value) (Kamizima, 0 & Kitazawa, S , 1978) 

RESULTS 

First of all, the characteristics of parent lines were shown in Tab 1. For the all 
traits, there were line differences; the characteristics of each line were as 
follows N K-183mm-O showed almost middle values in many traits 
NK185BRmm-O had the most number of leaves and the highest sugar content 
with high quality. NK-195mm-O had the heaviest root weight NK219mm-O 
showed the lowest value in root weight and sugar content NK-229BRmm-O was 
the highest plant height and heavy root weight 

Array differences were estimated from the differences Wr and Vr. No array 
differences were found in any traits, although block differences were shown in 
some traits (Tab. 2). 

From the study of the diallel analysis, heterosis effects were clearly shown in F1 
crosses for plant height, top weight, root weight and root length. This is because 
the dominance variances (H) were higher than the additive variances (D), and 

the average degree of dominances (,/H/0) of them were over 1 0 (Tab 3). 

Narrow sense heritability values of root weight and top weight were 42 0% and 
15 4%, respectively. On the other hand, for sugar content, Na, K and leaf 
number, the additive variances were higher than the dominance variances, 
especially values of narrow sense heritability of sugar content and K were 
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92 1% and 904%, respectively which were clearly higher values than the case 
of root weight and top weight (Tab. 3) 

Correlation coefficients were calculated with regard to top weight, root weight 
and sugar content to other traits in parents and F 1 hybrids, respectively (Tab. 4) 
Top weight showed positive correlations to leaf number and sugar content Root 
weight showed a negative correlation to leaf number, and the correlation 
coefficient of root weight and root circumference was positive and higher than 
the case of root weight and root length. Sugar content showed a positive 
correlation to leaf number, and negative ones to K and Na. 

Tnh. 7. 'l'l1e chnnzcteristics olpnrent lines used lor Fl 
in hnl/dinllel cross olsugnrbeet. 

Ttnits and !Jates l~ nit N K IH:J NKI8.'iBR "JK 195 NK219 

I' bnt he• 0:ht 29 I UIH' em 20.f) 22.4 20.:1 20.:1 
I' lm t he· 0:h t 29 Sen. em 51.5 57.9 55.8 ,')2.fj 

l.c·ufnumher29 I UJJ(; leaves 12.5 12.f) 11 .0 1l.H 
LvcJ f num hc•r 29 S c•n. leaves 29.5 :l7.7 26.H 2H.O 
Top weight kg/p bt 11.9 17.9 11.2 10.9 

Hont wv0:ht kg/pbt 2h.2 20.7 :30.5 17.9 
I< ont c ilrum iLTc·rwe em 29.0 2h.5 32.1 21.0 
l!rJrJt k•ngtJr c·m I S.2 11 .I 1.5.5 11.2 

Sugar content % 17.2 17.7 I S.H 15.7 
K m c·q/ I OOg 1.5 :3.5 4.7 fi.f) 
1\u meq/IOOg 0.2 0.2 0.6 O .. 'i 
A-N meq/IOOg 0.7 O.CJ 1.1 0.9 

A-N :am irrr> 11 itrogr_•n 

'l'n b. :.!. Anil/l·sis of' vnri:znce of' Wr Vr in hnlf' 
dinllel cross ol'su.f.{<lrheet. 

M can squa n_' s 

T ra its <J rr d lJ a tc• s AlTay d iff!.· rene c B lor: k d i!T(• n· nc e 

I' kHrt lrcwht 29 lune 
I' bnt hl'ight 29 Sen. 
Leaf num bc•r 29 I un<" 
l.c·af num her 29 SeD. 
Top weight 

RrJotweight 
Root circum ferencc· 
Root length 

Sugar content 
K 
I\ a 
A-N 

1 1.6 
16·1H.2 

0.2 
12.9 
21.3 

1.6 
2.5 
0.9 

1.0 
0.4 
2.2 
0.3 

*and** mean si.R:nific:1n1 r1iffPre>nro hu]:; 

1% level resnectivelv. 

4 2.1 * 
5177.2 

I. I * 
107.8 ** 
3:12.6 ** 

1.9 
2.8 
2.2 

1.9 
2.1 
2.3 
1.3 
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19.9 
f)2J) 
11.2 
2.'i.1 
J:Ui 

27.H 
:10.9 
].'i.f) 

16.8 
1.H 
0.1 
1.1 
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T:zb. /J. C:enetic pnnzmeters hz lwlldiallel cross olsugnrboet. 

V ar:iance He rita b ilitv ~lo) 
Traits and Dates A vemge degree 

Additive D om iwnce of[) om inance Bmad ~ arrnw 

I' kmt hL·ight 29 lurw 0.:3 20.5 il.4 89.9 15.7 
l'lanl hcight29 Sen. 12.il 108.2 2.9 94.7 29.7 
Leaf"num her 2Y lune 0.4 1.1 1.6 Hl.C :Hi. I 
Lc·afnumfwr29 Sen. 2l.H IH.6 O.Y H.5.2 49.2 

T "P w '' igh t •1.7 :37.1 2.H 87.1 I S.4 

I~ or, 1 w t' igh 1 2:1.1 I 0 1.4 2.0 95.8 12.0 
I~IHJl circum f(:n·rw(· I 0.4 15.9 1.2 Y2.7 12.1 
l~oot k·ngth 0.1 1.5 :Ls YO.H 2l.C 

Sugarcontl'n1 0.7 0.1 o.:1 91.1 92.1 
K 0.5 0.2 ()Jj 97.0 90.4 
'i;t 0.0 () J) 0.1 95.C 8H.ti 
;\ N 0.0 0.0 1.8 ·19.9 Tl.C 

• 1•· I J,. ··• ; 

1:-i/J .. f. ( 'urrl'l:ltiun ('()('/hcil'nf fill' top \\'t'i.~.;ht. root wt•i.dJt :111d Slf,i.;ill' cuntl'nt 

to othl'l' trnits in stf,i.;:l!'l)('l't. 

S ug;-tJ· r r;tt tent 

·1 1 ~ 1 it:; "r" I I I ; 11 r · ;; 
() - typt•,<...; F I (J -tvpr" I· I I) t YIH "' I I 

I' bnt Iii· ~,It l L!J l\llli' 0.7~ 0.7:> * -0.·1!! ().(Jfj 0.7() -O.(Jii 

I' ltrtt ltr· li'.hl ~'! s ,., O.C,') (J.:lt: 0.10 o.~fl 0.10 o.Lii 

l.r·;, I rttrrn IH'! L!i I UJ)(' 0,.11 o.:n -O.fJO -0. lL 0. 7:; 0.11 

l.<·,rf 11\lnl '"'] :''J s ,., •. O.fi'J ().fi•1 * 0.51 -O.S:i 11.7 I 0.17 
·1 ''Jl w r· ~,Itt O.lfl -O.L I O.flfl o.:;s 

1\ (J( J t w {' ~~fl t O.lfl - O.L I O.IJ'J -O.NC, ** 
l(or!l c ur·um f(•J·f·ttct· O.:C7 -0.1:; O.'J'J ** O.'Jl ** 0.01 1!.7 I * 
J(,,,,j 1-ttglh -0.0 I -0,.1:J iJ.'J.l ** 0.7fi * -O.O'J . (J.fi7 * 

s \lg<JJ c()tJV·n t O.fl') ll.:lfl -IJ.O'J -O.fl'i ** 
K -O.'J7 ** -()57 -(J.(J7 (J.fi:; * -0./J·l -l)))(j ** 
N" -0.71 -o.:;LJ O.L I O.t:S ** -IJ.'Jb ** -(J.<J'1 ** 
i\ .~ -0.0~ -O.LO ll/1 0 051 0.11 IJ.'i7 

I)- lvrwc.: rr ·'l. F I: rr= I IJ 

* (lJH! ** m ('(ill :;t!nif~·;JT1i diff(,H>I~r·,, .,1 C::::IJ, .,,,I IU' 1 

CONCLUSION 

The origins of parent lines used for F1 were different from each other 
(Hachinohe, M eta!., 1984), and in this study line differences of parent were 
clearly shown as quantitative traits. From the analysis of variance of the Wr- Vr, 
since array differences were not shown, epistasis effects do not exist in any of 
traits, and all traits could be fitted to the Additive-Dominance model Sugar 
content, K and leaf number could be improved efficiently by individual selection 
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based on the phenotypes from mother populations, because of the high narrow 
sense heritabilities For another traits in which heterosis were shown 
prominently, line selection based on the combining ability test in F1 may help 
fulfill the goal. However it should be noted that improving toward higher sugar 
content could lead to higher top weight with more leaf numbers From this study, 
some new information was obtained for breeding superior F1 seed parents, but 
it should, in the next step, be examined whether these genetic model could be 
applied to three way top cross hybrids. 
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