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Extended Abstract

Introduction

Sugar beet plays a vital role in meeting the global sugar
demand. Breeding this plant has always faced several
challenges. On the one hand, the strong negative
correlation between root yield and sugar content makes
it difficult to simultaneously improve these traits, and on
the other hand, biological stresses such as rhizomania
threaten production sustainability; therefore, it is
essential to develop an efficient breeding approach that
can identify superior parents for the production of
resistant and high-yielding hybrids. In this regard,
success in breeding programs requires a detailed
understanding of the genetic basis of the traits. The linex
tester mating design is one of the most common methods
for estimating these parameters. However, the
traditional linex tester analysis method has some
limitations. To overcome these challenges, the use of
graphical multivariate methods such as GGE Biplot can
be useful. Therefore, in the present study, the genetic
potential of new sugar beet lines was evaluated, the
combining ability of lines for quantitative and
qualitative performance and resistance to rhizomania
disease were determined, and superior hybrids were
identified using a comprehensive graphical analysis
approach.

Materials and Methods

The plant material used in this study was a selected
collection of genetic resources of the Sugar Beet Seed
Institute. This collection included 19 pollinating lines of
the S1 generation with favorable performance potential

as lines and 5 cytoplasmic male sterile (CMS) lines as
testers, all of which had resistance to rhizomania in their
genetic background. In order to produce the
experimental population, a linex tester crossing design
was used. In the crossing blocks, each maternal line was
grown in the central rows and its specific paternal lines
in two adjacent rows to ensure controlled and maximum
pollination. At the end of the season, seeds from the
maternal lines were harvested separately, thus producing
95 F1 hybrids for further evaluation. The evaluation
experiments of the produced hybrids were conducted in
six agricultural research stations including Karaj,
Mashhad, Miandoab, Shiraz, Kermanshah and
Hamedan. The planting operations were carried out in
all regions in 2023. At each station, 95 hybrids along
with four commercial control varieties were planted in
five incomplete blocks in the form of an augmented
design. Considering the implementation of the
experiment in the form of an augmented design, first the
raw data of root yield, sugar content and sugar yield of
each hybrid in each environment were adjusted
separately using control varieties to eliminate the
heterogeneous effects of blocks in each location. Then,
to eliminate environmental error and achieve an accurate
estimate of the genetic potential of hybrids, a linear
mixed model was used. Then, the adjusted data matrix
consisting of 19 lines in 5 testers was used as the basis
for graphical analysis.

Results and discussion

The results of the graphical analysis revealed distinct
heterotic patterns of lines for root yield and sugar yield
traits. For root yield, line L0O3 was the best combiner for
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testers TO1, T02, and TO3, while line L17 was the best
combiner for testers T0O4 and T05. Regarding to sugar
content, line L0O9 showed the highest combining ability
with tester TO03, and line LO3 exhibited the best
performance with four testers TO1, T02, T04, and T05.
For sugar yield, linex tester interaction pattern indicated
that lines L03, L05, and L18 shoed a good combination
with testers T01, T02, T04, and T05, whereas lines L09
and L10 displayed highest specific combining ability
(SCA) with tester T03. Furthermore, in the overall
evaluation, lines LO3 and LO5 possessed the highest
general combining ability (GCA). In case of
Rhizomania resistance, crosses of line L09 with tester
TO3, line L14 with testers TO2 and TO5, line L13 with
tester TO4 and line L15 with tester TO1 were identified
as the best combination of resistance based on specific
combining ability (SCA). The results demonstrated that
lines LO3 and LO5 have significant potential for use in
breeding programs due to their high GCA.

Conclusion

The present study was conducted using a graphical
analysis approach on data obtained from the line x tester
design, and its results clearly showed that the genetic
control of root yield, sugar content, and sugar yield is a
function of both additive and non-additive effects of
genes, but the contribution and pattern of these effects
differ depending on the type of trait. Regarding
functional traits, identifying distinct heterotic groups
between testers and lines allows planning for crosses.
Lines LO3 and L0O5, with high GCA for sugar yield, are
suitable candidates for population improvement
programs. In contrast, line L09 has good potential for
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heterosis exploitation due to its high SCA. In the field of
rhizomania resistance, lines L09 in crosses with tester
TO03, L14 in crosses with testers T02 and TO05, L13 in
crosses with tester TO4 and L15 in crosses with tester
TO1 were the best sources of resistance. The
identification of stable lines such as L18 along with SCA
lines such as L14 suggests the use of stable sources to
stabilize resistance and the use of dedicated sources to
achieve high levels of resistance through gene
pyramiding.

Keywords: Heterotic group, Biplot, Genetic potential,
Gene action.
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identifying the best specific hybrid combinations; C) Comprehensive evaluation of lines based on mean performance
(general combining ability) and interaction effects (specific combining ability).
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Fig. 2 Biplot graphical analysis of combining ability for sugar content in 19 lines and 5 testers of sugar beet. A)
Evaluation of testers based on discriminating power for identifying heterotic groups; B) The which-won-where polygon
view for identifying the best specific hybrid combinations; C) Comprehensive evaluation of lines based on mean
performance (general combining ability) and interaction effects (specific combining ability).
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Fig. 3 Biplot graphical analysis of combining ability for sugar yield in 19 lines and 5 testers of sugar beet. A)
Evaluation of testers based on discriminating power for identifying heterotic groups; B) The which-won-where polygon

view for identifying the best specific hybrid combinations; C) Comprehensive evaluation of lines based on mean
performance (general combining ability) and interaction effects (specific combining ability).



i prisz lacnY iS5 (S (2Lj)) v.#

Ml cpeed by cppaly alb L TO3 s ob lis lylog).g.) d)logy a wgﬁo éﬁ‘; Q350
e (St o)l 5l oo bl g2 lagn¥ (6,8 ye sl Solow 4 Coglie (S5f Hle 385 wyp jslaled
slas pl g TO4 5 TOL (slo s 09)5 9 TO3 s o AP (SIS a0 dyge (ghlew @ad glaodly Lilegys,
2 Cuaglio @)l 59N b (S pusilSle oS da3 0 LS JS 3 200 VW ggemma j3 Jol ol ailia g3 088
ol Sglate by yind plo L TO3 yus (@l ¥ o) b sy baslgy (bl a60,8" s 1) Ol ys
T05
3
T02
8 03 Q
-3
TO1
-6 A
-6 A"
o  Component 14049 % . - ot 1 40.45% N
A I B o
TO5
2 11 L14
i ©T02
' DLz
2 g ! PR R paa
S ! N ,nlé ! LD
Y U " > e
E L04 | 'Lﬂl."g
g N
5 2 T03
] L09
=4 TO!
L15
5]
-5.0 -25 0.0 25 5.0
Component 1 40.49 %
c d

2y b (W ad )i s 0 g (YR ) Lilegn, (silew 4 Cuglie Cio (s pbheaS 5 slp sl (SIS &30 § JSUS
i) (& tpslie sy SeaSy (e lolid sl (e pvir Ol (@ f bl Sgpin (sloog S (lulid 5 jles )18 ol
{opad GriiesSy) GiiSern (e 5 ((soses S 5) Cunglio aw (1le olul 2 Y gal>
Fig. 4 Biplot graphical analysis of combining ability for Rhizomania resistance in 19 lines and 5 testers of sugar beet.
A) Evaluation of testers based on discriminating power for identifying heterotic groups; B) The which-won-where

polygon view for identifying the best resistance hybrid combinations; C) Comprehensive evaluation of lines based on
mean resistance level (general combining ability) and interaction effects (specific combining ability).
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