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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

1. Sugar Beet Seed Institute, Agricultural Research, Education and Extension Organization (AREEO), Karaj, Iran.

*Corresponding author: m.hasani@areeo.ac.ir

2. Sugar Beet Research Department, West Azarbaijan Agricultural and Natural Resources Research Center, Agricultural
Research, Education and Extension Organization(AREEQ), Urmia, Iran

3. Sugar Beet Research Department, Hamedan Agricultural and Natural Resources Research and Education center,
Agricultural Research, Education, and Extension Organization(AREEQ), Hamedan, Iran.

4. Sugar Beet Research Institute, Agricultural Research, Education and Extension Organization (AREEQ), Shiraz, Iran

5. Sugar Beet Research Department, Hamedan Agricultural and Natural Resources Research and Education center,

Agricultural Research, Education, and Extension Organization(AREEQ), Mashhad, Iran


https://jsb.areeo.ac.ir/

g Wlegiy slas)lon & Cuaglio §3)Shas ()lul (b5

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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1 F—21121 x S1-970017
2 F—21121 x S1 —-970020
3 F—21121 x S1-970024
4 F—21121 x S1 - 970062
5 F—21121 x S1 - 970065
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8 F—21121 x S1 - 970092
9 F—21121 x S1 —-970099
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12 F-21121 x S1 — 960132
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17 Dena
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19 FD16B3013
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7 F—21122 x S1 - 970080
8 F—21122 x S1 - 970092
9 F—21122 x S1 - 970099

10 F-21122 x S1 -970121
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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.



g Wlog sy slacs)low 4 Canglio g 5 ,Shas (55l0L (obj)

YA

(P92 Ltlojl) a8 ytier (sl b puets 53 8 Jlasttao] > g dudas S5 3 Shos B o> ey 3,8Mae lio (gl (BLUP Jua) (uily)lg (sl 251 5 (AMMI Jua) (uil)lg @055 ol ¥ Jgu
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
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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 ; . . . Rhizomania LsS o5, ] . Rhizomania
Rhizoctonia  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.

9 2 0 &S 39 hped S W pes ole ol )3 0
oMo Sy yem () 2E)F B oy ez 3 Jius Siloj]
bilogay orlow dr (ol8 Cumgliio i ;S5 50k 5 Sas
@ 09 oS ()5l VL ey g o LS
oinlojl 3 9% 9 VY clay pun Jol Gislejl p3 .cuildS ioles
Cuolio Cuoglin paw J> 4 ) 5 ¥ @ s un pod
Loyl G plgisds widy) Sty 4 (poliedos)
&S sy ax gl Wb isuael uls deng b3 oLl
by plnle el (o Jlo S Jols lodls ()l
Sy pisusel blusls clasa Lboead plelis 5y

fsl.a.nc\m; ‘MR 5‘99& R

S 5 4o
al By wae by plld Gia b adlas )
a Canglio g ol 5,8k aSTL (2B ol S IS
ml b ohb ad) Saws g Llgp, clag)les
Sl oslatnl a8 ol Ui e i) v JB S en
bays 38 Gl lp wyply ol gbajps
Sy Ao plolid ddlas cpl dod (n Sekee )3 @955
Wald pB)l e bl 9 3)Slas Jlai 1 a5 59 s
WAASBY  asls olol 38 o, (o)
O ladsyun g Jol Liulesl 3 W g VF &V 00 clas s
lolid cunlie fopun plgiedr ped> Galejl 0 VY VY &



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

S 31wl Sma Jeiliy sy ol ST sl Sl 53 ol aub 900
ags 3,38 5 b 3o dowginy cllio ol (58I » S P Wl g atih | wia )b Bl plgisa
9 Mol Gladss dwwhe LSS alS g pyisee Copie IRV PV A SRRV PEVECSR KV TR W PV R M S JUOPES

bt b Slhdss ol 5 A8k ) ans

nl el Gliniess) Gacoles 5 dloses slacs)lSon &le 2,5
Wyl o 3l i Gl 00 lo B liin g bwg xdle (o)l 465 zun
References 3w 3,90 aulio

Abdelghany AM, Zhang S, Azam M, Shaibu AS, Feng Y, Qi J, Li J, Li Y, Tian Y, Hong H. Exploring the
phenotypic stability of soybean seed compositions using multi-trait stability index approach.
Agronomy. 2021; 11(11): 2200. Doi: https://doi.org/10.3390/agronomy11112200

Benjes K, Varrelmann M, Liebe S. Control of rhizomania in sugar beet—A success story made possible by
resistance breeding. Plant Pathology. 2024; 73(9): 2248-2259. Doi:https://doi.org/10.1111/ppa.14007

Buhre C, Kluth C, Biurcky K, Mérlander B, Varrelmann M. Integrated control of root and crown rot in sugar
beet: combined effects of cultivar, crop rotation, and soil tillage. Plant Disease. 2009; 93(2): 155-161.
Doi:https://doi.org/10.1094/PDIS-93-2-0155

Buttner G, Pfahler B, Marlander B. Greenhouse and field techniques for testing sugar beet for resistance to
Rhizoctonia root and crown rot. Plant Breeding. 2004; 123(2): 158-166.
Doi:https://doi.org/10.1046/j.1439-0523.2003.00967.x

Cooke DA, Scott RK. The Sugar Beet Crop: Science Into Practice. Chapman and Hall, London, UK. 1993; pp.
675.

Dempster AP, Laird NM, Rubin DB. Maximum likelihood from incomplete data via the EM algorithm. Journal
of the Royal Statistical Society: Series B (Methodological). 1977; 39(1): 1-22.

Fathi M, Ranjbar G, Zangi M, Tabar S, Zarini HN. Analysis of stability and adaptation of cotton genotypes
using GGE Biplot method. Trakia Journal of Sciences. 2018; 16(1): 51-57.
Doi:https://doi.org/10.15547/tjs.2018.01.009

Galein Y, Legréve A, Bragard C. Long term management of rhizomania disease—Insight into the changes of
the beet necrotic yellow vein virus RNA-3 observed under resistant and non-resistant sugar beet fields.
Frontiers in Plant Science. 2018; 9: 326505. Doi:https://doi.org/10.3389/fpls.2018.00795

Gauch HG. Statistical analysis of regional yield trials: AMMI analysis of factorial designs. Elsevier Science
Publishers, Amsterdam, Netherlands. 1992; pp. 278.

Hassani M, Mahmoudi SB, Saremirad A, Taleghani D. Genotype by environment and genotype by yieldx trait
interactions in sugar beet: analyzing yield stability and determining key traits association. Scientific
Reports. 2024a; 13: 23111. Doi:https://doi.org/10.1038/s41598-023-51061-9

Hassani M, Mansouri H, Hamze H, Saremirad A. Integrating genetical and chemical control: An approach to
rhizoctonia root rot disease management. BioControl in Plant Protection. 2023; 10(2): 31-45.
Doi:https://doi.org/10.22092/bcpp.2023.362969.341

Hassani M, Saremirad A, Mansouri H. Selection of superior sugar beet genotypes using the analysis of
guantitative and qualitative traits. Journal of Crop Breeding. 2024b; 16(49): 64-76.
Doi:https://doi.org/10.61186/jcb.16.4.64

Hecker R, Ruppel E. Inheritance of resistance to rhizoctonia root rot in sugar beet. Crop Science. 1975; 15(4):
487—-490.


https://www.mdpi.com/2073-4395/11/11/2200
https://doi.org/10.1111/ppa.14007
https://doi.org/10.1094/PDIS-93-2-0155
https://doi.org/10.1046/j.1439-0523.2003.00967.x
https://doi.org/10.15547/tjs.2018.01.009
https://doi.org/10.3389/fpls.2018.00795
http://dx.doi.org/10.61186/jcb.16.4.64

Hilmarsson HS, Rio S, Sanchez JI. Genotype by environment interaction analysis of agronomic spring barley
traits in Iceland using AMMI, factorial regression model and linear mixed model. Agronomy. 2021;
11(3): 499. Doi:https://doi.org/10.3390/agronomy11030499

Holland JB. Estimating genotypic correlations and their standard errors using multivariate restricted maximum
likelihood estimation with SAS Proc MIXED. Crop Science. 2006; 46(2): 642-654.
Doi:https://doi.org/10.2135/cropsci2005.0191

Kunz M, Martin D, Puke H. Precision of beet analyses in Germany explained for polarization. Zucker Industrie.
2002; 127: 13-21.

Lewellen R, Skoyen I, Erichsen A. Breeding sugar beet for resistance to rhizomania: Evaluation of host-plant
reactions and selection for and inheritance of resistance. In: Proceedings of the 50th Winter Congress
of the International Institute for Sugar Beet Research; 1987 Feb; Brussels, Belgium. 1IRB; 1987; P.
139-156.

Luterbacher M, Asher M, Beyer W, Mandolino G, Scholten O, Frese L, Biancardi E, Stevanato P, Mechelke
W, Slyvchenko O. Sources of resistance to diseases of sugar beet in related Beta germplasm: Il. Soil-
borne diseases. Euphytica. 2005; 141: 49-63. Doi:https://doi.org/10.1007/s10681-005-5231-y

McGrann GR, Grimmer MK, Mutasa-Géttgens ES, Stevens M. Progress towards the understanding and control
of sugar beet rhizomania disease. Molecular Plant Pathology. 2009; 10(1): 129-141.
Doi:https://doi.org/10.1111/j.1364-3703.2008.00514.x

Mirzaei MR, Taleghani D, Sadeghzadeh Hemayati S, Ahmadi M, Soltani J, Babaei B, Azizi H, Bazrafshan M,
Saremirad A. Studying the Effect of genotype-environment interaction on the quantitative and
qualitative production potential of different sugar beet cultivars (Beta vulgaris L.). Journal of Crop
Breeding. 2023; 15(45): 38-49. Doi:https://doi.org/10.61186/jcb.17.1.1

Mostafavi K, Saremirad A. Genotype - Environment Interaction Study in Corn Genotypes Using additive main
effects and multiplicative interaction method and GGE- biplot Method. Journal of Crop Production.
2021; 14(1): 1-12. Doi:https://doi.org/10.22069/ejcp.2022.17527.2293

Olivoto T, Lucio ADC, da Silva JAG, Sari BG, Diel MI. Mean performance and stability in multi-environment
trials Il: Selection based on multiple traits. Agronomy Journal. 2019; 111(6): 2961-2969.
Doi:https://doi.org/10.2134/agronj2019.03.0221

Omrani S, Omrani A, Afshari M, Saremirad A, Bardehji S, Foroozesh P. Application of additive main effects
and multiplicative interaction and biplot graphical analysis multivariate methods to study of genotype-
environment interaction on safflower genotypes grain yield. Journal of Crop Breeding. 2019; 11(30):
153-163. Doi:https://doi.org/10.29252/jcb.11.31.153

Piepho HP. Best linear unbiased prediction (BLUP) for regional yield trials: a comparison to additive main
effects and multiplicative interaction (AMMI) analysis. Theoretical and Applied Genetics. 1994; 89:
647-654.

Piepho HP, Mdhring J, Melchinger A, Blchse A. BLUP for phenotypic selection in plant breeding and variety
testing. Euphytica. 2008; 161: 209-228. Doi:https://doi.org/10.1007/s10681-007-9449-8

Rajabi A, Ahmadi M, Bazrafshan M, Hassani M, Saremirad A. Evaluation of resistance and determination of
stability of different sugar beet (Beta vulgaris L.) genotypes in rhizomania-infected conditions. Food
Science and Nutrition. 2023; 11(3): 1403-1414. Doi:https://doi.org/10.1002/fsn3.3180

Resende MDV. Software Selegen-REML/BLUP: a useful tool for plant breeding. Crop Breeding and Applied
Biotechnology. 2016; 16(4): 330—339. Doi:https://doi.org/10.1590/1984-70332016v16n4a49

Rezaei J. Evaluation of resistance of sugar beet commercial cultivars to rhizomania in field conditions.
Mashhad (Iran): Khorasan Razavi Agricultural and Natural Resources Research Center; 2007. Report.


https://www.mdpi.com/2073-4395/11/3/499
https://doi.org/10.2135/cropsci2005.0191
https://doi.org/10.1111/j.1364-3703.2008.00514.x
http://dx.doi.org/10.61186/jcb.17.1.1
https://doi.org/10.22069/ejcp.2022.17527.2293
https://doi.org/10.2134/agronj2019.03.0221?urlappend=%3Futm_source%3Dresearchgate.net%26utm_medium%3Darticle
http://dx.doi.org/10.29252/jcb.11.31.153
https://doi.org/10.1002/fsn3.3180
https://doi.org/10.1590/1984-70332016v16n4a49

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

Sadeghzadeh Hemayati S, Hamdi F, Saremirad A, Hamze H. Genotype by environment interaction and
stability analysis for harvest date in sugar beet cultivars. Scientific Reports. 2024; 14: 16015.
Doi:https://doi.org/10.1038/s41598-024-67272-7

Sadeghzadeh Hemayati S, Saremirad A, Hosseinpour M, Jalilian A, Ahmadi M, Azizi H, Hamidi H, Hamdi F,
Matloubi Aghdam F. Evaluation of white sugar yield stability of some commercially released sugar
beet cultivars in Iran from 2011-2020. Seed and Plant Journal. 2022; 38(4): 339-364.
Doi:https://doi.org/10.22069/ejcp.2025.22907.2648

Saremirad A, Taleghani D. Utilization of univariate parametric and non-parametric methods in the stability
analysis of sugar yield in sugar beet (Beta vulgaris L.) hybrids. Journal of Crop Breeding. 2022;
14(41): 49-63. Doi:https://doi.org/10.52547/jcb.14.43.49

Sellami MH, Pulvento C, Lavini A. Selection of suitable genotypes of lentil (Lens culinaris Medik.) under
rainfed conditions in south Italy using multi-trait stability index (MTSI). Agronomy. 2021; 11(9):
1807. Doi:https://doi.org/10.3390/agronomy11091807

Sharifi P, Erfani A, Abbasian A, Mohaddesi A. Stability of some of rice genotypes based on WAASB and
MTSI indices. Iranian Journal of Genetics and Plant Breeding (1JGPB). 2020; 9(1): 45-56.

Sun B, Li S, Pi Z, Wu Z, Wang R. Assessment of genetic diversity and population structure of exotic sugar
beet (Beta vulgaris L.) varieties using three molecular markers. Plants. 2024; 13(7): 965.
Doi:https://doi.org/10.3390/plants13212954

Taleghani D, Ahmadi M, Hosseinpour M, Hamidi H, Nemati R, Saremirad A. Study of white sugar yield
stability of sugar beet (Beta vulgaris L.) cultivars in winter sowing. Journal of Sugar Beet. 2023a;
38(2): 185-199. Doi:https://doi.org/10.22069/ejcp.2023.20425.2521

Taleghani D, Hosseinpour M, Nemati R, Saremirad A. Study of the possibility of winter sowing of sugar beet
(Beta vulgaris L.) early cultivars in Moghan region, Iran. Iranian Journal of Crop Sciences. 2023b;
24(4): 319-334. Doi:https://doi.org/20.1001.1.15625540.1401.24.4.1.8

Taleghani D, Rajabi A, Saremirad A, Fasahat P. Stability analysis and selection of sugar beet (Beta vulgaris
L.) genotypes using AMMI, BLUP, GGE biplot and MTSI. Scientific Reports. 2023c; 13: 10019.
Doi:https://doi.org/10.1038/s41598-023-37217-7

Taleghani D, Rajabi A, Saremirad A, Khodadadi S. Genotype- environment interaction analysis and selection
of sugar beet stable genotypes in terms of white sugar yield using AMMI model. Plant Productions.
2023d; 46(2): 155-169. Doi:https://doi.org/10.22055/ppd.2023.43177.2089

Taleghani D, Saremirad A, Hosseinpour M, Ahmadi M, Hamidi H, Nemati R. Genotype x Environment
Interaction Effect on White Sugar Yield of Winter-Sown Short-Season Sugar Beet (Beta vulgaris L.)
Cultivars. Seed and Plant Journal. 2022; 38(1): 53-69.
Doi:https://doi.org/10.22092/spj.2022.360021.1275

Verma A, Singh G. Stability index based on weighted average of absolute scores of AMMI and yield of wheat
genotypes evaluated under restricted irrigated conditions for peninsular zone. International Journal of
Agriculture, Environment and Biotechnology . 2020; 13(4): 371-381. Doi:https://doi.org/
10.30954/0974-1712.04.2020.1

Wigg KS, Brainard SH, Metz N, Dorn KM, Goldman IL. Novel QTL associated with Rhizoctonia solani Kiihn
resistance identified in two table beetx sugar beet F2:3 populations using a new table beet reference
genome. Crop Science. 2023; 63(2): 535-555. Doi: https://doi.org/ 10.1002/csc2.20865

Yue H, Gauch HG, Wei J, Xie J, Chen S, Peng H, Bu J, Jiang X. Genotype by environment interaction analysis
for grain yield and yield components of summer maize hybrids across the huanghuaihai region in
China. Agriculture. 2022; 12(5): 602. Doi:https://doi.org/10.3390/agriculture12050602


https://doi.org/10.22069/ejcp.2025.22907.2648
http://dx.doi.org/10.52547/jcb.14.43.49
https://doi.org/10.3390/agronomy11091807
https://doi.org/10.3390/plants13212954
https://doi.org/10.22069/ejcp.2023.20425.2521
https://dor.isc.ac/dor/20.1001.1.15625540.1401.24.4.1.8
https://doi.org/10.22055/ppd.2023.43177.2089
https://doi.org/10.22092/spj.2022.360021.1275
https://doi.org/10.30954/0974-1712.04.2020.1
https://doi.org/10.1002/csc2.20865?urlappend=%3Futm_source%3Dresearchgate.net%26utm_medium%3Darticle
https://doi.org/10.3390/agriculture12050602

