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Extended Abstract

Introduction

Rhizoctonia root rot is one of the most important
diseases limiting sugar beet production, particularly in
spring-sown sugar beet in Iran. The disease is mainly
caused by the soil-borne fungus Rhizoctonia solani
Kihn, especially anastomosis group AG-2-2 I1IB. Its
long-term survival in soil as sclerotia and mycelium,
together with its broad host range, makes effective
disease = management difficult. Depending on
environmental conditions and pathogen pressure,
disease severity may range from minor damage to more
than 60% reduction in root yield loss and a 5-10%
reduction in extractable white sugar. Under severe
disease pressure, the disease can lead to complete crop
failure. Symptoms include seedling damping-off during
early growth stages and crown and root rot in later
growth stages. Therefore, the development and
deployment of genetically resistant cultivars represent
an essential component of sustainable disease
management.

Materials and Methods

A comprehensive review and synthesis of research
conducted in Iran and other countries on the genetic
resistance of sugar beet to R. solani were undertaken.
Studies involving conventional breeding, artificial
inoculation, field and greenhouse screening, microplot
evaluation, genetic mapping, QTL analysis, and
molecular marker development were critically
examined. Particular attention was given to the

inheritance of resistance, resistant germplasm,
evaluation methodologies, development of O-type and
pollinator lines, hybrid breeding, and the application of
molecular markers for marker-assisted selection. The
optimized field microplot method, involving artificial
inoculation with R. solani- colonized maize kernels and
disease assessment using a 1-9 rating scale, was
considered as a reliable approach for screening breeding
materials for resistance to Rhizoctonia root rot.

Results and Discussion

Resistance to R. solani in sugar beet is generally
considered a quantitative and polygenic trait, with
incomplete dominance and the involvement of at least
two major genes together with minor genes having
variable effects. QTL mapping studies have identified
important resistance loci on chromosomes four, five,
and seven, which together account for approximately
71% of the observed phenotypic variation. In addition,
the SNP marker RsBv1 on chromosome six has been
validated across different genetic backgrounds. An
allele-specific molecular marker associated with
resistance has also recently been developed in Iran,
providing an opportunity to accelerate the selection of
resistant genotypes.

Reliable and standardized phenotyping is essential for
successful resistance breeding. Conventional field trials
based on artificial inoculation are affected by
environmental variation and are generally limited to one
evaluation cycle per year. Greenhouse screening
methods, including toothpick inoculation and the use of
infected millet or barley seeds, provide controlled
conditions for resistance assessment. Among field-
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based approaches, the optimized microplot method has
demonstrated particular value for precise screening. In
this method, plots are inoculated with infected maize
kernels colonized by R. solani, regularly irrigated, and
evaluated approximately two months after inoculation
using a 1-9 disease severity scale. Disease and harvest
indices can subsequently be calculated, with roots
scoring 1-3 generally classified as resistant. This
method is routinely applied at the Hamedan and
Kermanshah research stations for screening O-type and
pollinator lines.

Breeding efforts in Iran have resulted in the
development and identification of resistant full-sib (S1)
pollinator  lines  from  resistance-gene-carrying
populations available in the gene bank of the Sugar Beet
Seed Institute. Screening programs have identified
superior resistant lines and base populations. Resistant
O-type lines have also been identified under artificial
inoculation and incorporated into the production of
maternal single crosses. Resistant hybrids are generally
developed through three-way crosses involving a
resistant pollinator parent and a resistant or partially
resistant maternal single-cross parent. The combination
of resistance in both parental components is expected to
provide more stable resistance in commercial hybrids.
Given the diversity of fungal and fungus-like pathogens
responsible for root rot in Iranian soils, identifying lines
resistant to Rhizoctonia could provide a basis for
developing lines with resistance or tolerance to other
soil-borne pathogens as well.

Several Iranian cultivars with relative resistance to R.
solani have been released, including Ekbatan, in which
resistance was mainly contributed by the pollinator
parent, as well as Sina, Dena, and Donya. The latter
cultivars combine resistance to rhizoctonia root rot and
rhizomania with improved yield performance. Because
rhizomania is widely prevalent in lran, cultivars
possessing resistance only to rhizoctonia, such as
Ekbatan, have experienced limited adoption.
Consequently, simultaneous incorporation of resistance
to both pathogens is considered an important breeding
objective. Among licensed imported cultivars,
approximately 22% (60 cultivars) possess resistance to
rhizoctonia root rot, and most of these also carry
resistance to rhizomania.

Conclusion

The availability of resistant germplasm, standardized
phenotyping methods, particularly the microplot
technique, and molecular markers has created favorable
conditions for the development of rhizoctonia-resistant
sugar beet cultivars. Integrating molecular markers with
conventional selection can accelerate the identification
of resistant genotypes and reduce the time required for
cultivar development and release. Given the increasing
challenges associated with drought and climate change
in spring cultivation and the expansion of autumn
sowing, particularly in Khuzestan where late-season
root rot has become increasingly important, resistance to
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R. solani should be incorporated into breeding programs
for both spring- and autumn-sown sugar beet. The use
of resistant commercial cultivars as sources of resistance
genes and the establishment of appropriate resistant
gene pools are recommended as key strategies for future
breeding programs. Genetic resistance should also be
complemented by integrated disease management
practices, including appropriate crop rotation, avoidance
of highly susceptible preceding crops such as soybean
and maize, timely chemical control, and biological
control.

Keywords: Disease evaluation, Genetic resistance,
Molecular markers, Rhizoctonia solani

References
Norouzi P, Tork N, Kakueinezhad M, Mahmoudi SB,

Maleki M. Development of a repulsive molecular
marker linked to Rhizoctonia resistance gene(s)
in sugar beet. Journal of Sugar Beet. 2025;
40(1):13-30. (In Persian). Doi:
https://doi.org/10.22092/jsb.2024.365710.1360
Mansouri H, Hamze H, Hassani M. Determining the
appropriate time for evaluating the resistance of
sugar beet roots to Rhizoctonia rot under
microplot conditions based on growing degree
days (GDD). Journal of Sugar Beet. 2023;
39(1):67-76. (In Persian with English abstract).
Doi:
https://doi.org/10.22092/jsb.2024.364027.1336

Rafiei V, Velez H, Dixelius C, Tzelepis G. Advances on
molecular interactions on the Rhizoctonia solani-
sugar beet pathosystem. Fungal Biology
Reviews. 2023; 44:100297. Doi:
https://doi.org/10.1016/j.fbr.2022.11.005


https://jsb.areeo.ac.ir/?_action=article&au=2432&_au=S.B.++Mahmoudi&lang=en
https://doi.org/10.22092/jsb.2024.364027.1336
https://doi.org/10.1016/j.fbr.2022.11.005

4 2 o0 f
e » » /)
‘_ > . ' “4
/_ AP IN e R 2
O
‘.. “ ISCPBS »
SBSI Journal Home Page: https:/jsb.areeo.ac.ir St ot = e o

W8 )i )0 Al ) (2WgS g3 (S dawey & Cuoglio (gl o]

¥ 5305 dgmun Fojen 030 (Sl Sllle ke T s ghpe Falabd g0 TS S5S1S 035 ¢ g3g05m0 LBl A

VECD/BITY 1 by oyl VOV e il ol

&9y Wlie gg
DOI: 10.22092/jsb.2026.372949.1409

JLJ?*S»’) ‘;M% & cmng;a d]ﬁ C)'Lol A¥-0 s‘_;.\oé' o@D o . ‘GS.Q.\&I uon.L.o Yl “:Z.M»A @ o lad o~ cb‘}s é;s @ §§2905%0 e W

YAF —IVO (Y)FY) B iy by Ay,

84S
(S ylon ol Jole 39,000 sl dr ol l )3 X8 a0,y kS Glagslow (ke ey WP 95 (Sdews
ol pod 53 B Gl (6 ylows St prdo (S8 43 e SYob (g sl o s Ulsi Jud & & ol D3515 a6
©9lio o8 ) aupd g Mol .Cawl )5 ylow 4r glio o8, 51 oalikw! (g low (pl & ld Wi She sla g,y I (S ol
Sl (2ol 5 enY (lwliad g Cuoglio (25,1 355 Gl gy amwel oglie (S @il &y (o pwd Shojld
Db cpl @ oliwd joliio 4 .0ub o258 @glie (S cnY and (el )5 low 41 pglie (Mol (SLaodgi 929 4y dagi L
Sllhs (o) WL drwg g (Ll polie Lacn¥ g b (5lwdiare S g 5w )3 Cungliie (b)) (95 09,
(Rh133) YU o135 slom ©uwi b aylas g 3,15 g9mi Rhizoctonia solani AG-2-2 1B 5 low oy ! 3 a5 oIy oyl
e 952y (S wgr & pglie 5l pB)] (a0 1 e b el (Sl iaggy (85 1,8 03lil 3 90 9 (o1 Lwlind
S 3 Wlogiay (5olow By o)l CulS )3 aSul @ dagi b s (Byme (ULST ol oglie o3 (gl 9 s
g1 WalgSS G890 i Ao ye )3 bl @glie LWigSgsn) 5 slem 4 Bpo (08 ;51 9 39500 jlond 41 oo Lasued
Ao (1] 255905 (Byro 1) Wid g Ud b o)) g ConS w13 1) 5 5low 93 3 4y Cwoglae OULS Mol lanascio
Sl )21y 9 03,5 (o 1y ol Bl s L ) 5l s 0B, adgi g drwgd pauns et (SLCWILRS 49 50 (o

IsUse (sl Sl o S5 Cunglio o g jlows 25, RNiZOCtONIA SOlaNi 1 gaulS slasjlg

ohel @S w598 sy 9 Ghigel «liis plajls B yatin )b 4 5 el CliEG dusge Sl )

ol @S (6558 sy g Shisel «lidog ol B,y a5 el Slados dugo sl .Y
m.kakuei@gmail.Com :Jgzue sdiw g —
Il @S «ioguiS e 5 Uhjsel «liion lojl )iz ks 4d g ol Sliiod dusge il L ¥

Oln! et (533U s 5 pBigel it plojle sy lulS e e 5 (53pgliS gl g i 35 e b yniey Sliios i sk . ¥
Ol gad ccs50liS gy g pigel i plojls (hien (b e 5 (53)5LiST 9ol 9 Sl 35 pe iy Sliiod s bsbiul -0


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

wediyNise p> sy 2igS gh) (Shews 4 Cuglie (slp M

s S .(Ruppel et al. 1979; Schneider et al. 1982)
Wlpa o9y ,» (Hecker and Ruppel, 1977) L,
slagpY &8 assl s R.osolani 4 cwglis (ol A8 0
3 295 Cuoglia 55 iy Azl 1S5 pel )3 ondaes pglie
BMidg polie il 5o aomalS Spe 4 5 aimd Gl dg5
b ile 5 polin g buss slacpY o (SN &Sl
byl s oamliie R. SOlANT I 56 (5 0 codl slaaslus
B Canglio 45 153,5 Clsal |, eglie 8 juiis (slapyY
ol g ady) jlosdlir obigSon) slaalie bl > (R2g
) 45 2385 s 5 35905 o o S Dl 5 el S
ool o)l (Giaia gale g 0295 S5 polais] Cunglic
028l cudle WigSah,y 4 A8 )iz Cuwglio ylin] Cldllas
it SILL 5 dim g (ol 0 g3 Jilas bawgi 5 arils
&y Wi Coglio oV L (s piycdlyg 9500 JynS
g polie Y V0 p @l Jlo Ve b o 0d el LigS g5,
bl 5 .(Panella and Ruppel 1996) >4 (Syxe
4 Cuglio Jol gto iz« QTL b 5 (S5 Slalllas
&5 sbolile g oluld wBine LbigSen) Sy
load (b Ko Cilisee (lapgiges)S 9y Cunglio L Loy
sl Jlg 5l eslazwl L (Lein et al. 2008) ), a2 5 4
(e S plyiedr iglon Jale @ Gl b Lasye
can g i olea o)led slapgises)S 59y 55 sbrolole
g E95 5l 20 VY 9k ggeda)d &S 1S oLl
5 9y .(Lein et al. 2008) wsly o sy |y Cuglds
el L SNP Sl < (Ravi et al. 2022) Ko
28 b o)led pyjges S (59) 45 13,8 bl |, RSBV
bl (S5 aete dw ) LigiSoh) 4 Canglie b g 4B S

ol 00 o lae] glate
2y 5,0 o8y YV Cuglis (Dadkhah 1999) olgssls
R.solani 4 cous JolS olS dl> o )3 o g (glaalS als o
Jlo 33 (s s givs ) 0y S5 oLl 5590 (AG-4)
SBsslon 4 Cuns BEA iz jl pudlyp)T Ve + 3500 VAT

Pythium ultimum Aphanomyces cochlioides ;s

YA

EVRER

5 olen e Jolos 5l ady 2bseSon) (Ses
»» (Beta vulgaris L.) 48,06 0y g celyj aaiS i
Qe ddy) A8 Gl Jslhe )3 g 35500 sled 4 S
Syo gk Showg D9800 Qoo ol (pl Iy o2
5 Jyae ub) Al le agilon dleajl wals
dle laclon Jl (S codl g sk g ady; (Sawy
(Mahmoudi et al. 2004) siws A8 uus A5, (g
sl plp Wy pBl ol iy
ol JAS ey P ) (S8 Ceglie caligSon)
s Yo amd b g (Gaskill et al. 1970) awsly (s;low
oMo y3 WY 5 Al (USDA-ARS) 1,1 (555l 39
Mol lanste 45,51 5,8 as,e |) R, solani 4 pglie
iliie ()8 (slacs)lon 4 pylie pB)l sbml 4 3390 UL
B sl v sleolp b kb Lzzs‘_'j Lol Wilods
Ml o dbol 1 e OMie &S Llaslge
22,54 Yoane bacasslis 13 .(Cornelissen et al. 1996)
5 Sl oo 9p8 1) > pB)l 4 g o)
&S Ldg mdiee ol (Gaskill et al. 1970) -, Sen
) RlBgS oy (Shewg 4 polie 18)dise 08 95 Auilys
(Hecker L1y 9 ;S oyl 5l dw aoles (Byme |y dBgbs 4
Py elie dlpa 059, <& and Ruppel 1976)
4o sl 15,8 12l 10l Katie 9 93,18 (slacdl]
5 polie 5)b5 pB)l Gjale 5l oy c8)S )8 el g
(Hecker and ol jials jolus pB)l & Caws do)d
.Ruppel 1976)

5 lodgs Gl b w8 )uiss R.osolani & cuglis Mol

Conl 48T Sjgo guan S Byb il jlew 3bj



ANAN

lowsy 1y low 0l &0 YU (o Camglin L o3, Jlaer ol
Qyep pBy Cunl 03y H8 15)0liS o ped )3 g (Bpee
)b dw B 3sy 4 5 Wy duo 5l o0kl Ly Ygons A5 yaiis
Syme 08y 3l opl 43 g o a5 (Three way cross)
Ay Gk 5 2lisSen) S il 4 Cwglis i

ol 005 Conli w8 5 lidlos )5
9 Ceoglio dmgs (slooly iy SBingR Hoye b llie ()l
ol hlod (o glo Ty g0 cnl b basye (cdngh lajls
sty 3 oal o) SKtimggy (gl |y o el () o
ay) Sty slen 4 plio 1)l pB)l drwg
Sl b cuwlie ()l adg (gl |y aiej 5 35l lgen

251 ol B 05l g 0)lae S 3 S i 5laS

Olnl )3 a8 i ligS s, Sy
buwg (guad VAT Jlo )3 )b s LigSsn) g8
R. &5 4 (Ogoshi 1996) i cawses DeCandolle
Olsis 4 Julius KUhn lewss auwes AYYY Jls > solani
(Windels . (8 ymo 180000 ddsy g dbgb  Shwy Jole
plod 3 ady) 9 absb (oligSen, (S et al. 1997)
9w Sl Sy ol (IS gl ) Gble
ks 51 (Battner et al. 2003) 29 o guro srbaslis
O Wlo A8 )dike g we 3ble )3 (gslew ol (Ll
Hlod 50l 5 ails (sl ool dolul ol (o
Oyl g)l50 (S 40 o (Blttner et al. 2003) 5y s s
(Bolton cusl 035 slow) AJg5 o e BB sla il o
et al. 2010; Khan and Bolton 2021)
o )8 ol oy 38 )xike Jgazee 4y 03)lg &)l (e
3 (S e Lulyd g gilon ©Ad 4 g 039 e
Golow ol I 8 @ ls (Das and Pattanayak 2022)
Lo Pl e 5 b deyd 00 U i polie Sl Mg
b 4 pomie Gl B (lan 2l blyd 5 g AL
¢ (Das and Pattanayak 2022) s¢i Jgaxe JolS

B b 18 Wy o ey 3, Sas yEalS 3 09Me (6low

(Luterbacher w3,5 1,8 ;05,90 Likegjs, o R. SOlaNI
b 5l a8 ne gl Ve (5,505 suiss o et al. 2005)
R. solani AG-2- I sb a8 g dyy (Sdswsy 4y Caoglio
CE)S 1B i 2j90 (Sas8 sbyS) MgySee 32
e (Ebrahimi Koulaei and Mahmoudi 2008)
5 lS Sy cbgles Jlie > SRIB wuMp);
ol (YU cuwglis R.sOlaNI jl 5b ady)y g dBob Sy
Conglio @ g 4L (oglhae 3Slos wa @udbp)) cpl 2D
5 A. cochlioides S)las g0 plpy » 1) Jewgie
(McGrath et al. 2015) sl> Lz Cercospora beticola
4 polie olyl 5 ey slo ¥ VWA Jlo 5 ol 5
(Hassani et al. wus ool olbgS s, diu) (Sdmwg
2019)

Wiy (St Gume Jolge Sl (il elgil o) sS1S 5>
@l b gl o5 850 252y (2B ad 5 (2)8
Y ans 4 phBl digSos) Sl 4 polde sbacpY
Cenglio jolate (s 3905 ji 1) o plo 4 Joodilo b pglie
Wy (Shpog 4 polie Cumex | Jolbs w8 uie clagnY
Ay S, Jelse 4 cons (SB-19) olsgsss,
s Pythium aphanidermatum — alsjl 18,00
g s S 18 Lbjl e Phytophthora drechsleri
oy Gl Jelge ol & Comd 1) Cunglio Sl (gl b2 Y
(Kakueinezhad et al. 2017; Kakueinezhad et al.
Macrophomina |3l dds) (Siwwg 505 Jole .2018)
A8 e dduy JEj (Sdws coge &5 cul phaseolina
WS (oo Cllad (St Ll 9 YU slaled > jdin 5 355 o0
Golio 3 03] )3 s iz 925 5 el s 42 a2
@ polie S dang g Ans & dxgi edS (),
Glosg cuenl 5l Wl o 50 R. solani 4 M. phaseolina
(Mahmoudi and Ghashghaee 2012) 1L ls)s5 5
Ak g Mol Cladss duwde dWlS aad S b
5 Byl Cuglio b)) sleedyy by b a8y

iy (2WeS e, Shwe lew 4 A8 oY



wediyNise p> sy 2igS gh) (Shews 4 Cuglie (slp M

Ay (Shwg @alS S,e cel R solani ¢, .2021)
(Brantner and Chanda @b 5 ;s> LS > 48gb 4

Sl o (Misra et al. 2023) Cgb e (Siuws <2021)
ok Dgd 0 AByaze > (Barreto et al. 2020) il
@ e Jbgle ady) 3 5258 (o0 LS S g
Wb (0 oy adny hlite (SloudSy pd S Shawg g
wh)908 5 SesS b &SI Sygo 4 adsl Jolpe )3 @I
Saioy g a0b (0 S N @ e g 0d b
(Mahmoudi et al. 2004; .5 o 253 1y aday 3| (xmws
AG-2-2 (5j909:0] 09,5 5> .Mahmoudi et al. 2020)
Sloged (Sapwgy Cygo 4 @b glo ady) > Sy @S
rbjM—c 4...]9] J)‘)o » 4§£;H>)) 559..:3@ ol lin 4.»...5)
ol Sy Cow @ (2)5 ity @yl 4 Shey
(Pourrahim et al. 2016) LU o i s

AB)disy > Ay 9 gk 2lgS5h) (Shews olew J S
Sl Copie g Cuwl adli Co e Dyl (605 54wl
S sledy) Boo 4 635N 4 g low cnl @ e
(Noor and Khan 2014; Aeini cuwl ) g (olosd
«ly»1.and Khodakaramian, 2018; Misra et al. 2023)
$oe dpaly 5l b e OV game b dle jis gl
(Kalika-Singh et al. cul loan HLid il <y
pAS aSle ljee e oM L a8 e ogls .2025)
Jbgl> L (Hordeum vulgare) ¢ (Triticum aestivum )
oiblS 4 Wlgy o ¢ Jlw aw JBlis cie 4y (Secale cereale)
AG 4R. solani AG-2-2 llIB zils sle pdaw 4555 Jo8
(Ithurrart et al. 2004; Kalika-Singh 18 KeS'2-2 IV
5 (Glycine max) Lgw cuiS 5l Ll s et al. 2025)

olS 90y yj wed Clinl gls j> (Zea mays) )b

YA

a2 talS sioyd 03 b gy i | eagll slaaty I Jlascin
(Aeini and Khodakaramian, 2018; Bolton et al.
2010; Kalika-Singh et al. 2025)

Jelse olgie & Rhizoctonia s | (sosmie sladssS
R. solani o)l jbeys il odd o)l35 a8 s clce low
sbas poske 5l R. violecea 4 R. bataticola
(Kalika-Singh et g, o0 jledias Joae oyl sl5s5lows
al. 2025; Misra et al. 2023)

Camog il z)B S Rhizoctonia solani Kihn ¢,
g 4 2ligiS g5y (Stmg lon Jole &5 cul SS
(Aeini  and  sg; 0 Hlews a4 ABes Ay,
Khodakaramian, 2018; Das and Pattanayak, 2022;
L g6 o) > 4>y Kalika-Singh et al. 2025)
43 Thanatephorus cucumeris (Frank) Donk s
(Ajayi-Oyetunde and Bradley, 2018; i
Biancardi, 2005; Windels et al. 1997; Sherwood,
IS a4 SB o oY Gie 4 Sl e g6 ol 1967)
OLS (g b g Sloy (B poslinne 9 gl
(Aeini and Khodakaramian 2018) sk o391 1y b 5e
i (AGS) (sjgegusll (sloog)S ol 2 5 e )
ool oSl 5 gl aiols U oS ja & 33800
AG-2-2 1B (¢50500b 05,5 ¢ ysl 55 el L yo Sgliie
2 dBsb g ady) (Stews lon gaed Slol bl s
GAG-2-2 IV oS Jb 13 el 0 b)l5 W30 g5
Wilgs (oo g Sl odd (olulid 55y Slgl )3 L 103 09,5 iz
wils i glen oy ladhie sogls
(Soltaninezhad et al. 2007; Engelkes and ..sb
05,5 Windels 1996; Carling et al. 2002)
w8tk )3 oS Sy (olons b Bias AG-4 gjgosial
(Ajayi-Oyetunde and Bradley 2018) ¢l oo

ol s 5 1S o 039 0y cilien e 51, 0l 2,5 oy
(Aeini and cuwl ssalie LB Al HLS b L4 ds e
Khodakaramian 2018; Brantner and Chanda



AN

Jeiliy B. subtilis 4 B. velezensis J.Ls Bacillus
g Bob 2bigSon, Sty ©Md S ey B
(Farhaoui et al. 2023; Khan et al. .x,l> 48,05 4y,
65590 Mo a8 1y Se .2019; Misra et al. 2023)
Streptomyces 5 Trichoderma harzianum dals
Sl ol s 1y )5 lew ol (SaS)ke @l il 55 lydicus

(Misra et al. 2023)

rid ik 50 Wiglg s ) 4 Cuoglie

iuglie (b)) Sleendy,

3 odlaul piliuns (glom 4 Cwglie lp Mol Vool
(Buttner et al. ¢l slazel JBB 5 58> obj)l sla b,
a dibyuix Caglie b))l sbabs) jl Se 2004)

ol 5l s ds 50 baslyis o iy ieid oL, R, solani
Gl (ogian (Sogl b il s)len COlgSs o YL s
o) b (Ruppel et al. 1979; Schneider et al. 1982)
S ain olyen olacydgiome b (e jjo slailejl >
OBl Jlo 53 5lse s Ygono (g)lony (2bj)] aSa) alon
balpd 53 g8 (Jae Cllog o Jolge Jyus g conl pdy
Spdms cage Wil (o Jelye ol sl gl as e
L Cudgioe ol A (gl g Giliseo (gla oy gl
ol 00 Aoyl IS byl )d Coglie sl b ;) ploxc]
4 Caoglin IS b)) Gilisen (glabey dily oul 5
odgll (> I ) ool U Giarle gy dex I (sylow
el g JuelS (Schuster et al. 1958) wloas sloin
Oliee &S 15,8 5,8 (Campbell and Altman 1976)
SB a3yl g &5 Qg ol glaasalS ao )
imdge Ui |y axalS Sy @l digSon, 4 0
Comles Glise (bl 53 gl s 5l (o Glgisas Sl oo
alS Sy e plo Jlopll Adl ady) (Saws &
oS pialesl iSule g ptelae (B9 lsis 4 ]) A5
(Campbell and Bugbee sl o5 (glasyjo byl > &L
sskaie 4 (Hecker and Ruppel 1977) Ll 4 ,S» .1993)

(Ithurrart s R. solani AG-2-2I1IB (L. silg5 oo
pl5, ;1 o3lizl £t al. 2004; Das and Pattanayak 2022)
cslp boayly o lil 1 (o (S Cunglie b 23 )1k
Cool Ajaiin ady) 2WsSo) Sds Slon S
wollas Cuglio b pl8)) dswgs .(Kalika-Singh et al. 2025)
CELd piomen 5 Cuoglie mlio 4y (o yiwd Lol ik
Cwl ol oS g lglew Jole Sy 5l B
.(Kakueinezhad et al. 2017; Fasahat et al. 2019)
YL Cwglie FC709-2 4 FC727 uile  sMol slaodgs
(Bolton et wlosly ;lis olbgS a5y ddsy (Sdumwgs ply 5
A G ELSL gy g ady) g dgb (Stawy g el
(Nagendran et al. Wl o 8 yze doalS 5 po 4y Cuogldo
eyl 5l syl ol 2009; McGrath et al. 2015)
8 g hawgio U oS Cunglio ] b Sy2ge 5ybw
&Bge 4 oxlatwl oyl s 09Me (Kalika-Singh et al. 2025)
) )lon el B Cupie )3 sore B 5 IS E)B ]
(Khan and Bolton 2021; Misra et al. 2023)
6550 55 Ao QOI (sla iS5 09,5 3] (gl oS ]
(Khan and »)l> w8,z > (2ligSsj) ade) (Swws »
b o9yl wSe5l S 5 5,8 pien Bolton 2021)
oy & (g yialglSlyn b JojlsSagn ile (ala iS5 6
WS S8 slow JpS dene 4 Bl ol g poluS old
Sz, (Khan and Bolton 2021; Khan et al. 2017)
ClgnSgw U9 03 loosiS )l 05)5 > & dlymsetiy
L8k e ol adgl il 5 walS I cBli> sl o0
olpegde (Liu and Khan 2016; Misra et al. 2023)
sl JoSo 63 Sag) plgis 4 s S slagd,

sas (Kiewnick et al. 2001; Misra et al. 2023)



wediyNise p> sy 2igS gh) (Shews 4 Cuglie (slp M

Ao didn & B cuin g cuiS aib Giolejl sladlg )3 i 390
g oo 03l CedgSinyg 5 pS oS ) ondang el ale L
ol b ) (St (liae e djtole Sl 59y Vo
(Takenaka and Sayama g 0 obj) &=+ wlie jl
Lé"l"))1 P uio..'a.n 9 odlw LS“’?) 4 L;:L...mb ;ml 2001)
Ohen g 5L &S conl ga> 4 R sOlANT & s 18 )0
doute gl dilo apd Jutus B L (BUttner et al. 2004)
s S ) g clasjzo 5 MBS clayge] gl
bl by iy glacsjlan plo b Gy (23l
G5 g gy (s |y ol 9 9,8 oty Cuaglie )l (ol
Ohler g (35070 008 By Cunglie (L)l il
Gl igy e dwslio b s (Mahmoudi et al. 2003)
b cwlize Iy ba jhgy 51 6 2 R.sOlANT & cuwglis (b))l
(oY ool ol ol ey S Aoy i 5)5e Ban
doyo )3 GBS Lb5) g laded (90 (b)) Ghey 9
Sl eyeS ol gl &8 Jb o Lad sl ol aals
b clio plo u)p & LBin g 4Byl lagnY
Fowlely las)ze Mg See bl 53 (b))l il s
Al G S bl Gan &S Sieo ) Cpired LAl
bulpd  laacads b S5 b5l Uyl Gl
slas 3o Uiyl ey pols Jb p0 0,8 sdlatwl (gl Sl
Canl ol dylliwl g (gilwdige OMigSee balyd
s Y sy opl il ealiwel L (Mansoori et al. 2023)
Sloas obi)l 3 oase  slaglidls, S 4 ol

(Mansoori et al. 2024; Hamze et al. 2021)

Cuoglio 2ol
FC727 § FCT09-2 pglio (slogwdpy VWSF Lo o
& 5en L (USDA-ARS) 1,0l (55t )l39 bawgs
ol (Panella 1999) was 8 yxo A6 jaizs dxwgs dbis
e dig)l 9 oyl 5 cunglio )l slo i) anws L
saelip > odlatul (gl g (lolid gyt polie (S5

WS I8 Wy Gl e 0 (2

AY

(lgS 9y Aoy (Showg 4 Canglio (gl 45,0050 M
55 e bl Ubgy ¢ Sile e sla by, dulie b
dphbinl @ygo a1y as 50 )3 (olo ol 4 Copnns M85
Ja] and )J M)Jua} sJ)‘JJLM‘ u»g) u)‘ ).) .JJJ)ﬁ’l)J
Pow ABD )D g dgu oo S dmy ole K g S Cudigud)|
2 Ygome (S5 g0 98 00 (b5l Silowr ) y92 06
O AR & g W g0 CulS STy 5D spke i Sladd)
R Lo 0555l 92 jods )39) )8 el aule L cudls” |
bl Led e Sjale (@) o lp p,5 VY solani
ploil V= ulido 3l oslizl Uy 558)T Lasls oll 5 (gylons
pis oximd (lis Hao oy )] 4> &5 (Panella 1998) >4 oo
(Sdpogy 020 (LS S 005 g iy > (Sd9)] WMl 52
as 059, ,0 0 (Panella 1998) ML .cuwl bady, Jol§
5 S ol 09y jl 29 95y (Spes 4 polie pB)l
S, edlawl (Hecker and Ruppel 1977) LI,
& polie Byl LT &8 Jlgw ) #,b L (Benker 2000)
Slow el S8 Wy ady) 2b3eS o) Shwn
byls 5 S5 dlge by & 5,8 oly S oS lis
ool (9 Guotn B g S 4 @eie b
slael Sl 5l eslon (slad (Sl 5 LigSgn, 51 b
P i)l (ool sbyy d9me orcnlil o )12y 08 1 (YL
‘_551):4; dLCbAab): )Lu £V d&wb LS')’ R. solani ﬁ‘ﬁ 5
slp Qligis asbl > sl (g)9p5 polis Pl arug
roeys b)) sl slesel BB g o3l (239, 4 (ol
(Scholten ), Kes ¢ o LigiS g3y & Coms A8 i
mej W0l dmwgy |y glalds L‘)?n)'—l < et al. 2001)
oo o Sjule 5 e SB o LS cuis oS Wl oLl
LgS g0y 4 03901 5, ils 5,5 /5 L olS  San &5 b coiin
= oo ool Giale I e i gy 2L e 9
140330 o3 bVl (Staan b J5i8 1 ol Sl e
WBjuse pB)l gy NLsE sl el 0 S erl )
Oilen o ad sy alie sy R.sOlANI & cos

pByl ¢ gy cpl ) .l adlaswgs (Scholten et al. 2001)



VAY

515595 31 ooliul by SNP 03,18 S g gy lolis
5 SOIID ¢lllumina sle (NGS) was Juws oL Jlg
o s,0lé oyl .(Davey et al. 2011) <.l lonTorrent
obsS loj e 13 SNP [SiLis (ool sluws sl Sl
Varshney et al. ) auS o o2lyd 1) ol buws abza b
S cilien o) lsiee ebsy ol jl ool (2009
b asslS s Ol g amlie alin (o) (2lp 2 1) 465
9 bl | e (Garvin et al. 2010) g0 ololis
g Sy Olallas (bl 5l oles o« SNP gla ,Silis ap s
SOl AP Jle j0 )8 eolatwl (gin (SNol sladsly
; Rosolani AG2-2-111B & cuwglin b by (JoSUge
5 1pd] oimed (RaVi et al.2022) us 3 )xe L8000
@ Coglie b badye carl Joslge SLS SO lal
biyl laasly )3 g abbaswy by ) LigSsh)

(Norouzi et al. 2025) cuol suisas 5 )5 4y Cuoglin

W8 ke )3 LWigS gy 4 polie o8 And
sdalio (V) K& )5 &5 pshailen wjuiie > o8) porde
g S (W Jools &5 Conl G pub Spgo 4 9d 00
prigise wl)S IR (50l Wlg o L p )5 dse lidles S
b Jlg (Mahmoudi et al. 2020) wil o puis 4
alig) tdlos 5 Y Sy (I Jools 395 55 ol S S
Wl e @B mE s misy Y S L
.(Aghaeezadeh and Sadeghzadeh Hemayati 2020)
S Gkl Ygee lpl )0 a8y (s o8 cplpl
S Conglie &S (Jygo > Db (o0 4 Ayl A (I
By ) Lais bl 4l jopls o8, S$ > dw yb yd Cdo
LigiSs5y 4 Cunglie Sij 4 drgi b ocudly alss i 3
Dol (oo Jie Cute Cudl Gjgo 4 &S ABjss 2
sl a4 pldl ll cbls Mol laws.
slocpY 1y Cuaglie w9 WS (o pylie Glidlos S

(Luterbacher et al. 2005, Panella and Hanson

2007)

J9Vge (1, g Cuoglie S
Cuoglie (gly 0058 >Mol (ladol p  cmesd VFY'+ a0 |
e polie (S5 gt diz g A5 Sl LigS g, S e 4
aete 5 <l adll Slillae ) 5l sy (Gaskil 1970) was
(Quantitative) S cunle R. solani 4 cwglis a5 1
slogs 8 o Jlais! elyan 4 o g5 olSele 5 Jihis 5 5,0
(Hecker and )y i cowglie 0 > S 5l L
olllles o) .Ruppel 1975; Hecker and Ruppel 1976)
(Male-sterile 5 (Il oodgiaw a5 Wb lis
g &by slady yun 3,15 Cuglio (¢ 3L Cytoplasm)
2l oo b 1y cuoglie 51 odaw 35wl S K (gy0k
5l eolazwl L (Lein et al. 2008) Ko 5 a4 coles
9y QTL aw &8 Wb s (Soo5 obades oldlas

OlysS 203 V) ggoome 13 i 9 iy e slopgjsessS
o A2y ) dd) @BsSoh) Shwe 4 Cweglie (g
Gl it Mol slaghy, @bl Ceglie de
Il cladle 3 gy ol Sl tcwl augmy g poles
5 Bl 418 @ pslaie 4 DNA JsSge (sl Sibis
Aol ghe g oS ded e odlitwl Sl cdy il
slofg ool 1 SNP) (s1592lS 95 S ISz (gl SOl
I & glys @ iy Syl )08
sly «Jege ba)Slis glgl o polesel LB 5 cnyl,)
2 e Slao b biye Gki) 5 (0955 Pl plelid
[(Stevanato et al. 2015) Wgi o odlaiwl ely; LS
lacws; ool el SNP s Sl o515 iyl
2l g ey wdgrw b1y (oMol claaskyy 45 Ggllae
SeS 4 bl Br)b g 9 WS o wrS syt
3,5 Gl 1y Gallaol Glaw g bais 1) Gollas i Silis

Gy b by pyglie I S (Wirschum, 2012)



>

ﬂ
v

v

a5 o
MS line

Fl e 5 oY
F1MS line

»

W

P9

v

-

sl Y
O-type line

>

|

Wy

P

vy

=S A

T
/\

v

oldles s

Pollinator

Commercial hybrid

A8 yaie 50 o8y A Jolpe 5 Siled (sles ) IS0
Figure 1 Schematic diagram of cultivar development stages in sugar beet.
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Figure 4 Percentage distribution of imported sugar beet cultivars resistant to Rhizoctonia root rot based
on combinations of resistance traits to major sugar beet diseases.
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Table 1* Sugar beet cultivars with resistance to Rhizoctonia root rot listed in the National List of Iranian
Cultivars during 2000-2025

4 b Cenglie . .
i, o) b Re:;tar:t to #l ke %w)y )3. oo b oS 1) S oAIS A o8
No. Cultivar name . " . . Cyst Registration Country of origin Company
Rhizoctonia Rhizomania year
Nematode
1 9K954 * * 1400 (2021) Germany Kws
2 Aigrette * 1393 (2014) France Florimond Desprez
3 Amaranda * 1398 (2019) Germany KWS
4 Amatos * 1398 (2019) Belgium SESVanderhave
5 Annemartha (9K937) * * 1400 (2021) Germany KWS
6 Aries (MA3022) * 1401 (2022) Sweden Maribo-Hilleshog
7 Azare * * 1388 (2009) Belgium SESVanderhave
8 Bahar(Kuhn52) * * 1401 (2022) Netherlands Kuhn&Co
9 Balaton * * 1402 (2023) Sweden Maribo hilleshog
10 Basima * * 1398 (2019) Germany KWS
11 Bornita * 1398 (2019) Germany KWS
12 BTS 1930 RHC * * 1400 (2021) Germany Betaseed
13 BTS 233 (BTS 180) * * 1393 (2014) Germany Betaseed
14 BTS 2770 * * 1402 (2023) Germany Betaseed
15 BTS 3645 RHC * * 1400 (2021) Germany Betaseed
16 BTS 4665 RHC * * 1400 (2021) Germany Betaseed
17 BTS 6385 RHC * * 1404 (2025) Germany Betaseed
18 Bumerang * * 1388 (2009) Belgium SESVanderhave
19 Cadet * 1393 (2014) Sweden Syngenta
20 Davida (8K885) * * 1400 (2021) Germany KWS
21 Dena * * 1397 (2018) Iran SBSI
22 Donya * * 1402 (2023) Iran SBSI
23 Dorotea * * 1379 (2000) Sweden Syngenta
24 Dozer * 1402 (2023) Sweden Maribo hilleshog
25 Efesos * * 1391 (2012) Denmark Maribo
26 Ekbatan * 1392 (2013) Iran SBSI
27 FD Chop * * 1400 (2021) France Florimond Desprez
28 FD Crampon * * 1403 (2024) France Florimond Desprez
29 FD Epee * 1400 (2021) France Florimond Desprez
30 FD Souani * * * 1400 (2021) France Florimond Desprez
31 FD Outsider * * 1403 (2024) France Florimond Desprez
32 FD Winch * * 1400 (2021) France Florimond Desprez
33 Firmina * * 1404 (2025) Germany KWS
34 Flores * * 1384 (2005) Denmark Maribo
35 Gecko * * 1397 (2018) Belgium SESVanderhave
36 Glacita * 1398 (2019) Germany KWS
37 Iris * 1390 (2011) Netherlands Kuhn & Co
38 Ivano * 1387 (2008) Sweden Syngenta
39 Jenara * 1398 (2019) Germany KWS
40 Karta * 1394 (2015) Sweden Syngenta
41 Kermit * 1390 (2011) Denmark Maribo
42 Laetitia * * 1382 (2003) Germany KWS
43 Loriquet * * * 1393 (2014) France Florimond Desprez
44 Loriot * * 1397 (2018) France Florimond Desprez
45 Magnolia * 1384 (2005) Germany KWS
46 Modex * 1391 (2012) Denmark Maribo
47 Novella * 1394 (2015) Denmark Maribo
48 Novodoro * * 1389 (2010) Sweden Syngenta
49 Pantera * 1390 (2011) Belgium SESVanderhave
50 Permeier * * 1388 (2009) Germany Strube
51 Rosamina * * 1394 (2015) Netherlands Kuhn & Co
52 Sina * * 1397 (2018) Iran SBSI
53 Tabal * 1393 (2014) Sweden Syngenta
54 Tiaris * * 1401 (2022) Belgium SESVanderHave
55 Tooka * 1398 (2019) Belgium SESVanderhave
56 Tourelle * * 1392 (2013) France Florimond Desprez
57 Tous * * 1385 (2006) Sweden Syngenta
58 Urselina * * 1399 (2020) Germany KWS
59 Vucko (ST103) * * 1402 (2023) Germany Strube
60 Wawilow * * * 1399 (2020) Germany Strube
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*From the Research Performance Publications of Sugar beet seed Institute, 2014, No. 67925, dated (September, 2025) and the National
List of Released Varieties published on the website of Seed and Plant Certification and Registration Institute, Agricultural Research,
Education and Extension Organization
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