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Extended Abstract

Introduction

Sugar beet (Beta vulgaris L.) stands as a pivotal
cornerstone in the global agro-industrial sector, serving
as one of the primary sources of sucrose and bioethanol
production. Despite significant agronomic
advancements, the sustainability of sugar beet
cultivation is incessantly compromised by biotic
stressors, particularly soil-borne pathogens which can
cause precipitous declines in root yield and sugar
content. Among these, Rhizomania, caused by the Beet
necrotic yellow vein virus (BNYVV) and transmitted by
the vector Polymyxa betae, and Rhizoctonia root rot,
caused by the fungal pathogen Rhizoctonia solani,
represent two of the most devastating diseases
worldwide. The simultaneous occurrence of these
pathogens in major production regions necessitates the
development of dual-purpose cultivars that exhibit not
only high yield potential but also robust genetic
resistance. Furthermore, given the diverse pedoclimatic
conditions of sugar beet growing regions, the genotype-
environment interaction (GEI) plays a critical role in
phenotypic expression. Consequently, relying solely on
yield potential is insufficient; identifying stable
genotypes that maintain performance across varying
environmental gradients is imperative. This study was
conceptualized to evaluate the vyield stability and
pathological response of newly developed sugar beet
hybrids—derived from the introgression of foreign

germplasm with locally adapted domestic pollinators—
against the dual threats of Rhizomania and Rhizoctonia
root rot.

Materials and Methods

The genetic material for this investigation comprised 32
novel hybrids generated through a mating design. These
hybrids were synthesized by crossing two single crosses
(as female parents with established resistance
backgrounds) with 16 diverse pollinator lines (as male
parents). To provide a benchmark for performance, four
commercial cultivars were included as checks. The
agronomic evaluation was conducted through multi-
environment trials across four distinct agro-ecological
zones in lran, Mashhad, Shiraz, Miandoab, and
Hamedan. These locations were selected to represent a
wide range of environmental conditions and natural
disease pressures. The field experiments utilized a
randomized complete block design with four
replications at each site. Agronomic traits, specifically
root yield (RY), sugar content (SC), and white sugar
yield (WSY), were quantified. Parallel to the field trials,
a rigorous pathological assessment for resistance to
Rhizoctonia root rot was conducted under controlled
microplot conditions to minimize environmental error
and ensure uniform infection pressure. This experiment
involved artificial inoculation of the soil with the highly
virulent Rhizoctonia solani isolate Rh133, grown on
corn grain medium. The resistance to Rhizomania was
evaluated under natural infection conditions in infested
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fields, capitalizing on the presence of BNYVV.
Statistical analyses included a combined analysis of
variance to assess the main effects of genotype,
environment, and their interaction. Stability analysis
was performed to identify genotypes with minimal
variance across environments, ensuring that selected
hybrids possess both high performance and dynamic
stability.

Results and Discussion

The quantitative genetic analysis revealed that the main
effects of genotype and environment, as well as the GEI,
were highly significant (P<0.01) for both RY and WSY.
The significance of the GEI indicates that the relative
ranking of the hybrids varied across the four tested
locations, underscoring the necessity of stability indices
for genotype selection. In the first set of experiments,
stability and mean performance analysis highlighted
hybrids 15, 7, 14, and 13 as the superior genotypes.
These hybrids demonstrated a synergistic combination
of high WSY and low interaction variance, suggesting
their suitability for a broad range of environmental
conditions. In the second experimental set, hybrids 14,
6, 12, and 11 emerged as the top-performing candidates,
exhibiting exceptional agronomic traits superior to the
trial means and competitive with the commercial
checks. Regarding pathological traits, the screening for
Rhizomania resistance indicated a high efficacy of the
resistance genes present in the parental lines. Almost all
experimental hybrids displayed high levels of resistance,
scoring between 1 and 3 on the standard disease severity
scale (where 1 indicates no symptoms and 9 indicates
plant death). This suggests that the genetic background
of the single crosses successfully conferred BNYVV
resistance to the progeny. The evaluation of resistance
to Rhizoctonia solani revealed significant genetic
variability among the hybrids. In the first experiment,
hybrids 12 and 9 recorded disease severity indices of
3.95 and 4.59, respectively. In the second experiment,
hybrids 5, 3, and 1 demonstrated promising tolerance
levels with indices of 4.56, 4.69, and 4.75, respectively.
These scores are particularly significant given the
virulence of the Rh133 isolate used in the artificial
inoculation.

Conclusion

The significance of the GEI reaffirms that breeding for
specific adaptation or wide stability is crucial for
maximizing genetic gain in sugar beet. The
identification of hybrids such as 14 and 12, which
appeared in top rankings for either yield stability or
disease resistance, offers promising genetic resources
for future breeding programs. Crucially, the study
successfully identified genotypes that possess dual
resistance (or high tolerance) to both Rhizomania and
Rhizoctonia, addressing a major gap in current disease
management strategies. The hybrids identified with
moderate resistance to Rhizoctonia, combined with their
high Rhizomania resistance and competitive vyield,
represent viable alternatives to current commercial

cultivars, potentially reducing the reliance on chemical
fungicides and enhancing the economic stability of
farmers in infested regions. In conclusion, this research
has led to the isolation of superior sugar beet hybrids that
harmonize vyield potential, phenotypic stability, and
biotic stress resistance. These genotypes are
recommended for release or further pre-commercial
trials in regions prone to Rhizomania and Rhizoctonia
root rot complexes.

Keywords: Genotype-environment interaction,
Microplot, Soil-borne diseases, Susceptibility.
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Table 2 Analysis of variance (AMMI model) and estimation of variance components (BLUP model) for root yield, sugar percentage, white sugar yield and
extraction coefficient of sugar in sugar beet hybrids (first experiment)

55 Jlaial oy

aly) 3 Shes A3 Loy £ . Ffici £ Ao S5 3 )Sos
5 @alie 3ljl 42 Root yield Sugar content xtractlor;J:oaer icient 0 White sugar yield
Source of variation df cum cum g cum Cum
0 ' 0, ' 0, ' 0 '
MS % (%) MS % (%) MS % (%) MS % (%)
b
o 3 87452.44** - - 106.19** - - 1435.89** - - 1303.75** - -
Environment
(Lo 1,55
=i . 12 916.85 - - 8.90 - - 125.64 - - 35.26 - -
Replication (Environment)
e 19 580.58** - - 5.07** - - 32.75** - - 13.90** - -
Genotype
]a..ngwy) ** ns ns *x
. 57 198.52 - - 1.80 - - 14.79 - - 5.80 - -
Genotypex Environment
I adls
J’PC’; 21 273.58**  50.80 50.80 2.04 4180 41.80 24.87™  62.00 62.00 7.18** 4560 45.60
aals
WPCZ 19 168.06™  28.20 79.00 1.85"™ 3430 76.10 1357  30.60 92.60 6.95** 39.90 85.60
4.&‘
Fo= PCZ 17 139.85™  21.00 100 1.44™ 2390 100 3.68™ 7.40 100 2.80™ 14.40 100
o5leudls
e 228 117.99 - - 1.44 - - 11.46 - - 3.25 - -
Residuals
el )y yiSlis ge5
Likelihood ratio test
L
E"nvironment 118.00**  72.83 100 1.44**  83.04 100 11.46** 8543 100 3.25** 73.96 100
éi;}i)type 23.88** 1474 1474 0.20** 1177 11.77 1.12* 8.37 8.37 0.51* 11.53 11.53
buste X Caudgl)
e e 20.13** 1243 27.17 0.09m 519 16.96 0.83™ 6.20 14,57 0.64** 1451 26.04

Genotypex Environment

e 50055t CUME s re o 2 NSEas iy Jlosn] grdaws 55 I e o o> Sy Jloin] o )3 I3 xo 5%
**: 1% probability level of significance; *: 5% probability level of significance; ns: non-significant; Cum: Cumulative.
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Table 3 Analysis of variance (AMMI model) and estimation of variance components (BLUP model) for root yield, sugar percentage, white sugar yield and
extraction coefficient of sugar in sugar beet hybrids (second experiment)

i il oy

Ay 3ySlos A8 Aoy E . ffici f S N
5 gl 3l 42y Root yield Sugar content xtractlor;Lj:o;r icient o White sugar yield
Source of variation df cum cum g cum cum
0, ' 0, ' 0, ' 0 '
MS % (%) MS % (%) MS % (%) MS % (%)
b
o 3 26276.78** - - 229.50** - - 2614.28** - - 571.16** - -
Environment
(Lo 1,55
=i . 12 857.66 - - 3.10 - - 23.68 - - 19.48 - -
Replication (Environment)
e 19 629.29** - - 7.93** - - 96.98** - - 15.04** - -
Genotype
buxo X iy *k * * *x
. 57 224.57 - - 2.72 - - 31.89 - - 6.50 - -
Genotypex Environment
I adls
J’PC’; 21 358.56**  58.80 58.80 5.07** 68.70 68.70 61.18** 70.70 70.70 11.44** 6490 64.90
M:
HDPCZ 19 17455 2590 84.70 157 1930 88.10 24.07™ 2520 95.80 409  21.00 85.80
aals
Fo= P CZ 17 114.97™ 1530 100 1.09™ 1190 100.00 4.44" 4.20 100 3.08™ 1420 100
o5leudls
e 228 127.56 - - 1.78 - - 21.19 - - 3.45 - -
Residuals
i)y ySlas g5l
Likelihood ratio test
Lo
E“nvironment 127.60** 72.03 100 1.78**  76.09 100 21.19**  75.85 100 3.45** 7274 100
ggﬁgtype 25.29** 1428 14.28 0.32**  13.92 13.92 4.07** 1457 1457 0.53* 11.25 11.25
b X 555 24.25** 13.69 27.97 0.23* 9.99 23.91 2.67* 958 24.15 0.76** 16.01 27.26

Genotypex Environment

csmo5 t CUME s re e NSas iy Jlois] prdaw 43 o ime ¢

**: 1% probability level of significance; *: 5% probability level of significance; ns: non-significant; Cum: Cumulative.
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Table 4 Mean comparison of sugar content and extraction coefficient of sugar for the hybrids in the first
experiment (averaged over four locations)

L A Loy (32 )2) S Jlatunl g o

Hybrid Sugar content (%) Extraction coefficient of sugar (%)
1 18.56 83.58
2 18.34 83.51
3 17.68 82.73
4 18.60 84.27
5 18.71 84.14
6 18.11 82.50
7 18.32 83.58
8 18.25 82.68
9 18.64 85.01
10 17.74 82.53
11 17.50 81.58
12 17.97 82.77
13 17.87 82.12
14 18.42 83.99
15 18.82 84.03
16 18.21 82.25
Dena 16.86 78.99
BTS1930 RHC 18.28 82.17
FD16B3013 18.67 84.26
Modex 19.49 85.62
LSD 5% 0.84 2.36
LSD 1% 1.10 3.11
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Fig 1 WAASB biplot for the simultaneous evaluation of root yield and stability of sugar beet hybrids in the
first (A) and second (B) experiments. Check varieties, 17: Dena, 18: BTS1930 RHC, 19: FD16B3013, and
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Fig 2 WAASB biplot for the simultaneous evaluation of performance and stability of sugar content (A) and
extraction coefficient of sugar (B) in sugar beet hybrids in the second experiment. Check varieties, 17: Dena,
18: BTS1930 RHC, 19: FD16B3013, and 20: Modex



g Wlegiy slas)lon & Cuaglio §3)Shas ()lul (b))

Y x WAASB biplot

| Il
1.004
>
Miandoab
%]
-4
3 18
Lz . .
20.754 Hamedan -
% Shiraz
2]
e}
©
3
s
k]
) n 9
%0'50 Mashhad .
L *
2
© L]
o .
S 1 []
_57 3e \‘2 L] s
2 1
° . 6
= 0.25 8. .1.16
20°® .14
1* Jio *+ Env
ol | + Gen
1]} v
1 1 1
4 8 12
White sugar yield (t ha-1)

¥y
Y x WAASB biplot
1.2
| ]
*
Hamedan
1]
o
8 0.9
»n
]
=
g Mashhad
N
% E:S - Shiraz 18
® * .
=
5 0.6
2 o
g 16 19°
& 9, Miandoab
*
k] .
2 8
5 v o, &
203+ e
4. . e 20
13 1
Ll
. |® + Env
* 3 %45(e6
LA * Gen
1l 12 v
T T T |
6 8 10 12
White sugar yield (t ha-1)

P> Lialojl o (A) Jsl ialojl 5 a8 jutin (sl yum (o)l 5 Moo S5 3 Shes lojen 2L sl WAASB Myl 4305 ¥ IS
Modex :¥+ , FD16B3013 :\4 BTS1930 RHC :)A Lo -\ wals 415, (B)

Fig 3 WAASB biplot for the simultaneous evaluation of white sugar yield and stability of sugar beet hybrids
in the first (A) and second (B) experiments. Check varieties, 17: Dena, 18: BTS1930 RHC, 19: FD16B3013,
and 20: Modex.
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Fig 4 Ranking and selection of sugar beet hybrids for root yield based on the WAASBY index in the first (A)
and second (B) experiments. Check varieties, 17: Dena, 18: BTS1930 RHC, 19: FD16B3013, and 20: Modex
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Fig 6 Ranking and selection of sugar beet genotypes for white sugar yield based on the WAASBY index in
the first (A) and second (B) experiments. Check varieties, 17: Dena, 18: BTS1930 RHC, 19: FD16B3013,
and 20: Modex
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Table 5 Reaction of sugar beet hybrids to rhizomania and rhizoctonia root rot in two independent
experiments

Jol ol
First experiment

ps Lilej]
Second experiment

Golow 23S

o LgSony b pUlogpyeges 7 i 0 SR gy e M i 0
Hybrid i . . . Rhizomania LsS o5, ] . Rhizomania
Rhizoctoni Rhizomania score in Rhizoctoni Rhizomania score in
diiﬁggie score in Shiraz Mashhad diselgse inr(J]I:;( score in Shiraz Mashhad
1 5.82 3(R) 3(R) 475 3(R) 3(R)
2 6.79 3(R) 3 (R) 6.45 3(R) 3(R)
3 5.57 3(R) 4 (MR) 4.69 3(R) 2 (R)
4 5.74 2 (R) 3(R) 6.05 2 (R) 2 (R)
5 5.37 2 (R) 3 (R) 4.56 2(R) 2 (R)
6 6.71 2(R) 3 (R) 8.50 2(R) 2 (R)
7 5.00 2(R) 3 (R) 7.48 2 (R) 2 (R)
8 6.06 3(R) 3(R) 5.28 3(R) 2 (R)
9 459 2 (R) 3(R) 5.50 2 (R) 3(R)
10 5.52 2 (R) 3(R) 7.04 2 (R) 2 (R)
11 8.63 2 (R) 4 (MR) 7.87 3(R) 2 (R)
12 3.95 2 (R) 3(R) 6.39 3(R) 2 (R)
13 7.63 2(R) 3 (R) 5.37 3(R) 2(R)
14 6.32 2 (R) 3(R) 6.35 3(R) 2 (R)
15 8.35 2(R) 3 (R) 7.17 2 (R) 2 (R)
16 5.45 2 (R) 4 (MR) 7.61 2(R) 2 (R)
Dena 6.24 2 (R) 3(R) 6.21 2 (R) 3(R)
BTS1930 RHC 4.37 1(R) 2 (R) 4.82 2 (R) 2 (R)
FD16B3013 4.22 1(R) 2 (R) 4.41 2 (R) 2 (R)
Modex 5.0 2 (R) 3(R) 4.00 2 (R) 3(R)
Susceptible check 8.20 5 6 7.36 5 5

R: Resistant, MR: Moderately Resistant.
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