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ABSTRACT

Knowledge of genetic characters of agronomic and quality traits and their
heritability in sugarbeet (Beta vuigaris L.), is the most important requirement for
breeding high yielding varieties and good processing of this strategic crop. For this
reason, fifteen h)ii:fi'ds from a diallel cross of six multigerm, diploid inbred lines
(S4) of sugarbeet were studied to determine the combining ability, gene action,
heterosis, and heritability of thirteen technological and agronomical characteristics.
Six parental lines and their F, s (twenty one genotypes) were evaluated ina
randomized complete block design with four replications in Kooshkak Agricultural
Research Center in 1996. Data were analyzed with method I and mix-model B of
Griffing. Hayman's method was also used for graphical and genetical analysis.
Significant differences were observed between genotypes for all traits except
alkalinity. General combining ability (GCA) mean squares were significant for all
traits. However, specific combining ability (SCA) mean squares were significant
only for root yield, sugar percentage, impure sugar yield, recoverable sugar yield
and white sugar yield, Significant ratio of GCA/SCA mean squares for sugar
percentage showed that additive variance was more important. Non- sucrose
components were controlled by additive gene action and had the maximum additive
variance. Additive variance accounted for 54% and 75% of total genetic variance for
root yield and sugar percentage, respectively. A significant negative correlation was

observed between yield and technological characters. Test for validity of diallel
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assumptions showed epistasis effect for root yield, impure sugar yield, white sugar
yield, recoverable sugar yield, potassium and mollasses sugar percentages. The
frequency of dominant genes was more than the recessive genes in sugar percentage,
purity, recoverable sugar percentage, white sugar and potassium percentage. Broad-
sense heritability varied between (.38 for white sugar yield to 0.73 for potassium
percentage. White and recoverable sugar percentage, and white and recoverable
sugar yield showed similar genetic expression. Parent 6 had more recessive genes,

while , parents 1, 2 and 5 had more dominant genes.
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INTRODUCTION

Sugarbeet (Beta vulgaris L.) is one of the predominant crops in Iran.
Many economically important characters in sugarbeet are quantitative and

are influenced by environmental conditions. Plant breeders look for

21



Ahmadi & Assad
quantitative approaches to combine desirable characters. One of the most
common approaches is the use of diallel crossing system first proposed by
Yates (13). This method was modified and used in many crop species, but
little work has been done in sugarbeets.

Combining ability and type of gene action controlling 11 sugarbeet
characters were studied by Smith ef al. (10). They concluded that additive
genetic variance was predominant for components of purified juice.
Significant non-additive gene effects were found for non - sucrose
components. Skaracis and Smith (9) demonstrated that dominance and
additive gene effects were most important for root yield, while sucrose
content and juice purity were controlled by additive effects. Srivastava et al.
(12) stated the importance of additive effects for gross sugar.

Doney and Theurer (1) showed that general and specific combining
ability effects were significant for cell division rate in roots of sugarbeet.
They concluded that cell division rate was conditioned largely by non-
additive gene effects and that root heterosis was due primarily to increases
in cell number rather than cell size. A significant heterosis was reported for
root yield and sugar percentage by Doney ef al. (2). Kornienkov and
Bychkova (6) concluded that hybrids with significant heterosis for sugar
content were those in which both, or at least one of the parental lines showed
predominance of non-additive over additive effects in the control of the
character. Hybrids with high heterosis for root yield could be obtained by
crossing lines with predominace of additive effects to lines in which non-
additive effects predominated. Some additional diallel analyses have been
conducted on bolting (5), seed germination (l1) and cytoplasmic male
sterility (7). However, very limited number of studies in combining ability,
heterosis, and kind of gene action have been conducted in Iran.

The objectives of this study were: first to determine the general and
specific combining ability, gene action, heterosis and nature of inheritance
in 13 agronomic and technological characters, and second to estimate genetic

components and heritability for these characters.
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MATERIALS AND METHODS

Fifteen F, diallel hybrids and their 6 multigerm diploid inbred parents
were grown in Kooshkak Agricultural Research Center, 60 km north of
Shiraz, in 1996. The six S, parental lines (hereafter called lines 1, 2, 3, 4, 5,
and 6) showed wide diversity for agronomic characters and were obtained
from Sugarbeet Seed Institute, Karaj, Iran. Line 2 was originally from
Netherlands but others were from Iran. Plots consisted of two rows 60 cm
apart and 9 m long. Each entry was bordered on each side by a medium vigor
common competitor (cultivar IC 6203) row. Plants within rows were spaced
25 cm apart. The experimental design was a randomized complete block with
4 replicates. All cultural practices were in accordance with standard
agronomic practices recommended in the location.

At harvest, plants in a 50 cm section at each end of the rows were
discarded to eliminate the possible border effects and root weight (t ha™'),
percent sugar, purity, impure sugar yield (t ha™), recoverable sugar yield
(t ha™l), white sugar yield (t ha™), nitrogen, sodium, and potassium content
(meq 100 g, alkalinity, and mollasses sugar percentage were measured.
Quality characters were measured by Betalyser (8).

Analysis of variance was performed for each of the characters. Griffing's
method II for mixed models (3) was then employed to estimate the general
combining ability (GCA) and specific combining ability (SCA). The Hayman
(4) analysis of diallel crosses was also used (assuming diploid segregation,
no difference between reciprocal crosses, independent action of nonallelic
genes, no multiple allelism, homozygous parents, and independent
distribution of genes between the parents) to partition the genetic variance
and determine heritability. The method of moments was used to estimate the

variance components .

RESULTS AND DISCUSSION

Genotypes were significantly different with respect to all characters

except alkalinity, thus GCA and SCA mean squares were determined for all
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characters except alkalinity (Table 1). GCA variances' were highly
significant for all characters. indicating the importance of additive gene
effect in controlling them. However, SCA mean squares were only
significant for root yield, percent sugar, impure sugar yicld, recoverable
sugar yield, and white sugar yield. To determine the relative importance of
additive  and non-additive gene effects, the significance of GCA/SCA was
tested for characters in which both GCA and SCA were significant (Table
1). The non-significant ratio of GCA/SCA in root yield. impure sugar vield,
recoverable sugar yield and white sugar yield suggested that non-additive
rather than additive gene actions were probably more important in their
expression. However, the GCA/SCA ratio in sugar percentage was
significant, indicating that additive gene effect was more important in this
character. These results are in agreement with others (9. 10) on sugarbeets.
GCA effects were variable for different characters among parents (Table 2).
The positive (or negative) GCA effects for any parent indicate the possibility
of increasing (or decreasing) the character in the progenies produced by that
parent.

The SCA effects for parent 1 with regard to root yield, impure sugar
yield, recoverable sugar yield and white sugar yield, and for parent 5 with
regard to sugar percent were significant ( Table 3). The positive significant
SCA effect for any hybrid suggests that the mean of the hybrid was greater
than expected, based on the mean performance of the lines involved.

Estimates of specific combining ability variances associated with each
parent for all characters are given in Table 4. Low variance indicates low
variability among crosses involving the associated parent. Negative variances
may be interpreted as estimates of zero variance. while a high positive
variance indicates that not all combinations of that parent would produce a
uniform pattern for that character. However, in choosing parents with higher
potential, the SCA variance associated with each parent must be considered.
The GCA effect for lines 1 and 2 with respect to root vield. for example,
were positive and significant (Table 2). Thus lines 1 and 2 could transmit
higher root viclds to all of their crosses, however, Table 4 shows that line 1

has a larger SCA variance compared to line 2. Therefore, line 2 may
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Table 1. Mean squares for general combining ability (GCA) and specific combining ability (SCA) effects for the characters measured.

wy
(]

Sources of df  Root Percent Purity  Impuresugar  Recoverable Recoverable White White sugar Nitrogen  Sodium  Potassiur Molasses
variation vield sugar yield sugar sugar yield sugar yield sugar
GCA 5 148.46%+ 0.66%* 6.43%*  3.80%* 1.41** 2.31** 1.41** 2114 0.22%* 0.08** 0.63%*  (.15%
SCA 15 43.82* 0.10* 0.39 1.56* 0.14 1.19* 0.14 1.11* 0.07 0.01 0.04 0.01
Error 60 21.56 0.06 0.43 0.75 0.09 0.57 0.09 0.53 0.06 0.02 0.04 0.01
GCA/SCA 3.39 6.48%* 2.44 1.95 1.91

* and ** Significant at (.05 and 0.01 probability levels, respectively.

Table 2. Estimates of GCA effects for 12 characters.

Parents Root Percent Purity Impure Recoverable Recoverable White White sugar Nitrogen Sodium Potassium Mollasses
vield sugar (%a) sugar yield sugar sugar vield sugar vield (meq 100'g)  (meq100'g) (meq 1007'g)) sugar
(tha) (tha®) (%) (tha™) (%) (tha™) (%)
1 3.46% 0.08 0.30 0.75% 0.12 0.71%= 0.13 0.69%* 0.11 0.06 -0.17+* -0.05
2 7470 058+ -1.80**  0.99%* 0854+ 0.65%* 0.85%* 0.60%* 0.30%* 0.15%+ 0.56%* 0.27%*
3 -2.16 0.15*% 0.12 -0.32 0.16 -0.26 0.16 .24 -0.02 0.01 -0.03 0.00
4 -3.38* 0.04 0.37*  -0.62* 0.10 -0.52* 0.11 0.50% -0.19%* -0.01 -0.13* -0.07*
5 -2.98* 0.15*% 0.43*  0.48* 0.21* 0.37 0.21* 0.36 -0.02 0.12%* -0.05 -0.06*
6 -2.1 0.16* 0.57** -0.31 0.26%* £0.21 0.26%+ -0.20 -0.01 0.09*% -0.18%* -0.09%*
S.E. (&) 1.50 0.08 0.21 0.28 0.10 0.24 0.10 0.23 0.08 0.04 0.06 0.03
S.E. (g-gi) . 2.32 0.12 0.33 0.34 0.15 0.38 0.15 0.36 0.12 0.06 0.09 0.05
* and ** significant at 0.05 and 0.01 probability levels, ctivel

P vely.
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be preferred to line 1, because of its uniformity in transmitting higher root
yicld. Meanwhile, line 2 has a negative and significant GCA effect with
respect to sugar percent. The correlation coefficient between root yield and
sugar content was negative and significant (r = -0.49).

GCA and SCA variances and the proportion (%) of the total genetic
variance counted for additive and non-additive genetic variaces are presented
in Table 5. GCA and SCA variances permit comparisons of the additive and
non-additive gene effects. Additive genelic variance is equal to twice the
estimated GCA variance component, whereas non-additive variance is equal
to SCA variance . It could be concluded that the additive component for all
the characters except impure sugar vicld, recoverable sugar yicld, and white
sugar yield were relatively higher than dominant component (Table 5). These
results supported other studies that non-sucrose components are under
genetic control (9, 10, 12).

Estimates of heterosis is expressed as the superiority of F, hybrids over their
better parent. Negative heterosis values for any character indicate the
decrease of that character in the F, generation relative to higher parent.
Hcterosis for root yield ranged from -17.72 (hybrid 4x5) to 23.90 (hybrid
5x6) (Table 6). The best performing cross for root yield, sugar percent,
impure sugar yield, and recoverable sugar yield was 3x4. Line 2 was
obtained from the Netherlands. The GCA for this line with respect to root
yield, impure sugar yield, white sugar yicld. recoverable sugar yield, percent
nitrogen, sodium, potassium, and mollasses sugar were positive and
significant. The crosses between line 2 and other lines also exhibited
relatively large heterosis. This line may be recommended as a valuable
parent for producing hybrids with better agronomic and technological
characters. The test for validity of diallel assumptions showed that epistasis
was a significant effect for root yield, impure sugar yield, white sugar yield.
recoverable sugar yield, potassium and mollasses sugar percentage (Table 7).
In each case one or two parents were eliminated to restore the desired
rectilinear relationship (Fig. 1). From the genetic componcnt of variation
three important values were calculated: the mean degree of dominance

(H,/D)'"?, the proportion of the genes with positive and negative cffects
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Table 6. Estimates of heterosis (%) relative to high parental values for characters studied.

29

Crosses Root Percent  Purity Impure Recoverable  Recoverable  White White Nitrogen Sodium Potassium Molasses

yield sugar (%) sugar vield  sugar sugar vield sugas sugar vield (meq (meq (meq

(tha™y (tha™) (%) (tha™) (%) {tha'y 100" g) wo'g 100t
Ix2 - .66 -3.96* -2.21% 9.94 -6.07* 6.60 6,274 6.96 -13.98 -2.29 -14.70%* -13.82%%
1x3 13.67 -0.47 -1.14 12.90 -1.57 11.72 -1.60 11.67 24.78 -4.21 2l 6.85
1x4 14.33 -0.40 0.74 13.86 0.34 14.68 0.35 14.70 =710 -19.51 -4.17 7.30
1x5 2.89 -0.49 -0.46 253 -0.98 2.15 -0.98 2.15 -23.12 - 206 0.55 311
1x6 4,36 -4.04**  .125 1.44 -5.25% 1.29 -5.42% 1.19 -15.14 - 2.25 - 0.81 - (.96
2x3 -9.30 -1.14 -2.40% -2.78 -3.52 -0.02 -3.70 0.34 - 7.52 -14.54 - 6.52 -2.82
2x4 - 044 489 274%* 248 -7.22%* 518 -7.67% 5.42 -25.03 4.58 -12.77%* -11.64*
2x5 -12.11 1.53 -0.64 -4.14 0.86 0.59 0.87 1.10 37.84%* 2860+ .12.59% -18.82%*
2x6 1.99 -4.43%% 3 5] 7.95 -B.01** 11.22 -8.28%* 11.58 - 118 -16.99 -10.26%* -12.00*
3x4 21.27+ 0.48 -0.58 22.54* 0.03 21.84* 0.04 21.85% 14.16 -11.54 5.16 390
3x5 3.76 1.64 0.51 6.89 223 7.55 229 768 -28.72 -23.99 0.46 -3.42
3Ix6 3.68 -0.03 -0.58 375 -0.61 3.50 -0.63 3.49 - 299 -17.77 -0.99 -4.60
4x5 -17.72 2.88% 0.85 -14.33 3.75 -13.62 3.87 -13.48 -12.08 -19.77 -3.46 -4.31
4x6 - 1.06 -1.67 -0.81 - 229 -2.50 - 287 -2.57 - 293 -34.76 -14.54 -1.27 -2.75
5x6 23.90* -2.5% -1.92% 2234 -4.48 21.70* -4.63% 21.72* 6.63 6.94 4.61 575

* and ** Significant at 0.05 and 0.01 probability levels, respectively.
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in the parents (H; /4H;), and the proportion of dominant to recessive
genes in the parents ([4DH,)? + F]/[(4DH,)'? - F]) (Table 7). These
values suggest that gene loci controlling root yicld, and percent nitrogen
have an overall measure of overdominance. The H;/4H, ratio indicates some
degree of asymmetry belween positive and negative genes for recoverable
sugar yield, percent sugar, percent potassium and nitrogen.

The proportion of dominant and recessive gencs in the parents shows
that for sugar, recoverable sugar, white sugar, and potassium percents,
dominant genes are in excess. Hayman (2) lists a number of assumptions for
rcliable conclusions from such analysis. In the absence of information about
all these assumptions, it is still possible to draw the (Vr. Wr) graph and
estimate different genetic parameters including D.F, H,, H; , and h®. These
estimates, however, need to be interpreted with caution.

The values of Wr and Vr for cach array were calculated and regressed on
each other (Fig. 1). The linear regression of Wr on Vr was (ested for
significance (p=0) and for deviation from unity (f=1) by the usual t-tests (as
shown in Fig. 1). The position of Vr and Wr on the line reveals the relative
proportions of dominant and recessive genes in the r parent. Completely
reccessive parents correspond to points at the upper ends and completely
dominant parents to points at the lower end of limiting parabola. With
complete dominance the line passes through the origin while with partial
dominance the line lies above and with overdominance below the origin.

As a result parents 3 and 6 with respect to root yield, impure sugar yield,
rccoverable sugar yield and white sugar yield possess the most recessive
gencs. whereas, parents 1, and 5 with respect to root yield and parents 1 and
2 with respect to impure sugar yield. recoverable sugar yield and white
sugar vield possess the most dominant genes. Parent 5 wilh respect to
percent sugar, purity. while sugar percent. recoverable sugar percent,
nitrogen, sodium, and potassium content, and mollasses sugar had more

dominant genes. while parents 2 and 4 had more recessive genes in sugar
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percent, purity, percent recoverable and white sugar. and sodium content.
Parent 6 with respect to nitrogen and potassium content, and parents 2 and 3

with respect to mollasses sugar possess more recessive genes.
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Estimating genetic parameters...

Fig. 1. Continued.
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.8

[3] w

I. The regression of Wr on Vr and the limiting parabola for (a) root
yield, (b) sugar percent, (¢) purity percent, (d) impure sugar yield, (e)
recoverable sugar percent and while sugar percent, (f) recoverable
sugar yield. (g) white sugar yield. (h) percent nitrogen. (i) percent
sodium. (j) percent potassium. (k) mollasses sugar percent.

Significant at 0.05.
Non-significant.
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