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Extended Abstract

Introduction

Rhizoctonia root and crown rot, caused by the soil-borne
fungus Rhizoctonia solani, is one of the major
constraints to sugar beet (Beta vulgaris L.) production in
Iran. Worldwide, more than twenty fungal species have
been identified as causal agents of sugar beet root rot,
whereas more than fourteen species have been reported
in lran. Although integrated disease management
practices, including crop rotation and fungicide
application, can reduce disease incidence and severity,
substantial yield losses continue to occur in many
sugars’ beet-growing regions. Consequently, the
development and cultivation of resistant cultivars have
become one of the most effective, economical, and
environmentally sustainable strategies for managing
Rhizoctonia root and crown rot, providing a practical
alternative to intensive chemical and cultural control
measures.

Materials and Methods

Six sugar beet cultivars were evaluated under controlled
microplot conditions over two consecutive growing
seasons (2022 and 2023). The plant materials consisted
of four foreign cultivars (F-21444, F-21446, F-21448,
and F-21439), one resistant control cultivar (F-21436),
and one susceptible Iranian control cultivar (Sharif). The
experiment was conducted in a randomized complete
block design (RCBD) with four replications. In April of
each year, seeds of each cultivar were sown in four 2-m-
long rows within the microplots. At the 6-8-leaf stage,

plants were artificially inoculated with Rhizoctonia
solani isolate 133 using sterilized corn kernels colonized
by the pathogen as the inoculum. Approximately one
month after inoculation, when disease severity in the
susceptible control reached a level suitable for
evaluation, roots were harvested and assessed. Disease
severity was recorded, and the disease index (DI) was
subsequently calculated for each cultivar.

Results and Discussion

According to the analysis of variance, differences
among the sugar beet cultivars in root number, disease
index (DI), and harvest index (HI) were not significant
during the first growing season because of the high
disease severity. In the second growing season, root
number also did not differ significantly among cultivars,
whereas significant differences were detected for both
the disease index and harvest index at the 1% significant
level (P< 0.01). The mean disease index across all
cultivars was 3.60 in the first year and 2.65 in the second
year. Among the evaluated cultivars, F-21444 exhibited
the lowest disease index, with values of 5.50 and 1.93 in
the first and second growing seasons, respectively. In
contrast, the susceptible check, cultivar Sharif, showed
the highest disease index (6.81 and 3.93), representing
approximately 25% and 50% higher values than those of
the most resistant cultivar in the first and second
growing seasons, respectively. Regarding the harvest
index, cultivar F-21446 recorded the highest value in the
first year (24.1%), whereas cultivars F-21444 and F-
21436 exhibited the highest values in the second year
(79.6% and 71.9%, respectively). Based on the SIIG
index, cultivar F-21444 ranked first in the first growing
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season, whereas cultivars F-21439 and F-21446 showed
the highest SIIG values in the second growing season.
Conversely, cultivar F-21448 consistently exhibited the
lowest SIIG values in both growing seasons, indicating
its high susceptibility to Rhizoctonia solani.

Conclusion

The results showed that the mean disease index across
all evaluated cultivars was 3.60 in the first growing
season and 2.65 in the second. In the second growing
season, significant differences among cultivars were
detected for both the disease index and harvest index (P<
0.01). In contrast, no significant differences were
observed in the first growing season, most likely
because the high disease pressure limited discrimination
among cultivars. The susceptible control cultivar,
Sharif, exhibited the highest disease index and the
lowest harvest index, confirming its high susceptibility
to Rhizoctonia solani. Based on the SIIG index, cultivar
F-21444 ranked first in the first growing season,
whereas cultivars F-21439 and F-21446 achieved the
highest SIIG values in the second growing season,
indicating superior overall performance under disease
pressure. Conversely, cultivar F-21448 consistently
recorded the lowest SIIG values in both growing
seasons, reflecting its high susceptibility to R. solani.
Overall, cultivars F-21444 and F-21439 demonstrated
stable performance across growing seasons and may
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therefore be considered promising sources of resistance
for cultivation and future sugar beet breeding programs
in areas affected by Rhizoctonia root and crown rot.

Keywords: Micro-plot, Resistance, Rhizoctonia, Root
rot, Sugar beet.
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s Slge U oS N
J s o Al i S aliy <9
Years > pH . P(ppm) K(ppm) Zn(ppm)
TNV(%) Ec Organic carbon(%)
2022 27.5 0.82 7.48 1.15 16.77 643 0.84
2023 27.2 0.58 7.59 1.27 15.27 594 1.02
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Table 2 Characteristics of the cultivars used in this study.

Row ”3’ Cf”’u"
Cultivar Resistance
1 F-21444 Unspecified
2 F-21446 Unspecified
3 F-21448 Unspecified
4 F-21439 Unspecified
5 F-21436 Resistant
6 Sharif Sensitive

JSis) 3l )5 03gll )3 o e gy s el g Bes
Sl Y Wby Ca g @SB ag by (Y
€l 455 gbye SB ain 93 b g g)ll be,S alold,

A
Conglie Cibio Coni g OBl (6 )ye Solotun 200
Ly pByl adgs gl S gy plidles S slapY
SLSESS 5 bl oluliel lasig) p 4SS bl polie
Vb eds by w8 (Saof pld plgie wslol byt
S oMol s gl polie (glaoyY Lbymo 3900 lulis

Fil (Se5) Canglio 3ply 4 IS 55 pB)l drwgs (gl )

il o3bel 5 7,8 il aulo ans

M A g Mol Gladss duwwhe ) zal Gl s gly
(Windels and Kuznia Jasg o) ol p oid)iie
g o0kd L Ol pd el VY e 4 @3 claaily (1997)
P MY s 5015 ol as 3 WY slod b Jlgie jgy du
Sl SKamd dae Vo (il gyt 3l e Al il gMS gl
AG2. (59090l 09,5 R. s01ANI g8 o9, gy oS oo
@5 <85 L8 oyl @) claaily gge b))l 52
W ()l oS il 4 YO (gled )0 59, T e

Aby 5l ahn cuin cusdS 5l Sy ile 03dl] (gl
4 Logy &S RN133 wlis buwg couan Sdgl daaig
)J) g b gl 45(5)9b"‘-f S fL?r.I\ odubesls o9 Oi

R B Lol ls @3 slaals Sl aslizul b ogims Sjule 9y o(A) bS5y bulyd 5o tslesl slacns’ JS los ¥ U

(D 5 C) glize (plaiS)52 93 b 48,01z go39)l (sladity) oo (59 32 Sig)SS Sy @dle S (B) aty) @ pgle o SOlNI

Fig 2 Overall view of the experimental plots under microplot conditions (A), artificial inoculation using corn

kernels colonized with R. solani and placed near the roots (B), and development of necrotic rot symptoms on
the surface of infected sugar beet roots at two different magnifications (C and D).
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Table 3 Disease severity scale for sugar beet root rot based on the percentage of decayed root surface area,
according to Buttner et al. (2004)
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Table 4 Analysis of variance for root number, disease index, and harvest index of sugar beet cultivars under
artificial inoculation with Rhizoctonia solani in microplot conditions over two growing seasons.
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Table 5 Comparison of mean values of cultivars for the traits evaluated under microplot conditions with
artificial inoculation
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Different letters within each column indicate significant differences according to Duncan's test at the 5% probability level.
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Fig 3 Vector diagram of the statistical values —d (A) and +d (B) for the sugar beet cultivars studied.
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Fig 4 Vector diagram of the ideal genotype selection index and the ranking of the sugar beet cultivars

o g (druo ol b v oy oled oS ol sl
byl g o> gl gil 1> Sy M 51 b Baae

(B Jgis) cadls (I3g)] oo
Pl slasline (et Sl bl adls g (g lew a3 Li
SAb ol 5 it oS 93y (Shewgy 4 Ceeglie
Oyt g wd o i (g piaS (6 )lon b & g

studied.

s Dy KBy o) D &S 3 Ui g cnl gl
wd) bl pasld udly (adls ()low padls s |
ool il gl e VST o3gll iy, sl g Jlod
4 pB)l STy 3 de g B (e 98 3929 ;S0 S
s &S ams e ol g cuwl RosOlani 5l st Sl
Polow ol gl b Cangliio (50 5 (glodisS (el S5
F- 21444 25, wss obsy) oyl sl o 5 S

Syogllhe 3 Slos plB)l plw & Comd Jlas opl 5l g 0l LS



Y¥o

(Lein et al. 2008) l,San o oy D9 oo J S iuljdl o
(QTL) (52955 4ol iz < J55e syl jl oslisl L
cilize glopgises)S (59, |y LigiSgs)y 4 Cunglio b baipe
Gy 5 gub a5 Wb Ll 9 10,8 Slels Wd,aas
oS ol OT SOl 4l pl s JolS Cuoglio sboul Jotue
Sboype | SaSed g ()] cpdin GRS ery ol Cuglie
S Ysare (b pl) (> cmed 4 .l olS sl
2 09t Jol8 Canglie g diten bawgie b i Caeglie
a8 b Wi 35 (Hecker and Ruppel 1976) |y, ¢ S
ol 93 J8las 45 S35 L sunle R.sOlaNi & cuglds
.J.j)lbui‘.ﬁjdi J)IS)D om&.&z} dmdjboIM ‘_;Lol )
g 1) cueglie (g pdycilyy Glie (izmen GLSdRg3
Jolge dang BB a0 LS 45 155, 390 o yd SO
ol Y s (spdpcilyy ol o il o > (S5
Nl laasly > polie lacws) Gl &5 LS
G5y bl Sl dizpn 09 pbol bl 2l L Sl oo
sl B bl ) ol slaals 5l Sy olioren L
(Panella and Lewellen (gl o My gb 0 Cgmone
oS Caoglie (gl 5 (sl mesd aS Aid S %513}92007)
Cuaglie halj3l (sl ol o3 5 350 (2o (sladaly 32 )b 5l
Ol Gemen Cwl My LigSeny 4 b
1 Ol 5l 56 Vaos] adlas ol 53 pB)) oy ordosnliie
g Cuw) C)Lg 39» )‘l g ol U_cl.é.\ L;Lm)lfw'h» Oy Jlxs
gl jl glas oo olS sy cél 4 R. solani g4 ;|
St il (ROS) e Jlsb cloaisS W)gs Lolis olo
Jbé 5 ok 0)l523 )3 g 5 (SI Cg o8 LS
g1 3 Ly (POD) Sy wile 65 (el 3T s
ol S el 1) (PAL) jUWLigal ¥l is 4 (PPO)
T8 (S (b 39950 « Jolus 01323 Cu gl rge by
@G5} onlpls 1Wgd o ady; sl o 53 ialS

JooS g Ay 4 Gjtiegd dlge Jml Uly iy
ool (J> (e 4l atly 55 olS (S5l sd
Sy Slg oo by Jadld 5 ilen (a3LS I Glojen
Pl Sl g ams &yl (glen 4 lagadsi STy 5l Spol
(Harveson and sjle pd el (gymin <> L1y 5y
Panella and Lewellen 2007; Rush 2002)

55 2 03l)> gdsile sl )l b gk ol @l
g0l Slesen R.sOlANT 4 18 005 Cuoglie o (S8
b)), (Wigg and Goldman 2020) yedeS
O S NS B )aite lapwdle)s | slasgoone
Sbowis; 9 13)5 odalie (gilen Cad e I by
9 eypslie leeas 1, FC709-2 4 Badger Flame
ale o ples olgisa |, KDH13 s WALLB claciss
(Hamze et ),Ken g 0305 (piored 03505 (Oyme (S5
A+ (OT010245) & oyla) >Nl culisl 4w al. 2023)
abe lsiea 1, (OT010277) vy 4 (OTHSF-010041)
M (S5 £55 gy Sl & 038 lulid Cuogli
wYsS eyl il GBLS ZMol cladsliy )3 (61> 0 00
o (Ebrahimi Koulaee et al. 2010; 2019) -, K 4
Iy el sy g laenY (o )ladae Gglis 3929
@l g 26,8 (SIS ligSghy (St 4 Cuoglia LS
SC (P.395% P.90) x P.121) iy pen i) oo |
SC (P.49x P.395) x SC (P.395x P.90) x P.165
SC 4 SC(P.395x P.23) x P.165 P.121
Canglio vl mle e |y (P.395%P.93) x P.165
Slllas cpl b ol (agh gl (agmen Xdges (Syme
S plomen plie slacuipy QL & dad oo i
balyd 3 lew ol ©jlud Jials sba)Saly op 5%
(Ebrahimi Koulage et al. 2015, cuwl acjje
Pourrahim et al. 2016)
ey 5l R.osolani & w0 cuwglie ( Ss5 oBas
Ay 9 cuwl (Quantitative Resistance) o8 cuwglis
Se o8 ClL S il lae gooms lawgs ( S35 lacaglie



iy (Showg 4 Cod 38 )0l (215 pB)| Canglio b))l

(7 JS8) 25,650 )13 s pglie pl)l

6 75 425

903503 yioS |y pBB)] (S5 clacglas ((F/Y (o ld) cuwss
2led (Y/50) Jlid jials b oped Jlo jo &5 b o ayd)S
Tyoon cudby (adls o len sl ly pB)
yeS) cpyppelie F-21444 B Lo I b by gse
iy a caby jadld ppYL) S eae y 21446
845 0l et plie Cuigi 4 (Sedp Sl o)
SIHG) Gl jasls ppowl L F-21448 5, ( blie
(Pod 5 Jol Jho 0 iy & <INV 4 «/YYF Joleo
» F-21446 ¢ F-21444 55, .06 aslid o8, oy e
P eyl g (1M ) 220) SHIG o 5 pasls ol
Ligd o (Byme 03g)] sblie ;> kS (gly dnog LB

&l 2,5
ol 00 o Bl g lawgi zile (o)l &5 zun

Sl Pl

Ao (SBpolS 9 oolPa Lisu p o )Kea 4l
e )5t (yiomen g A8 5 4 g 2ol Claiod
g Olidos 39 50) cubiale (65,5liS” Cladog oK) )
o Sl (oliile)S (o plie 5 (55y9ltS” gl
23,5

ves

slageuly 2 ogdle md e Sl (55508 (5 o 05 Vgons
P Nlge o adyy eeldcsn, sl Shy (elesdon
Ca yaw ¢y 3 ki Caolouds LAl Ay 5 Cuoglio ) 3o
Cllad b g > b glaads) Wy oUlg 03 maey
ol cage Wl oo oS Aun (alse Sl Ady) piesye
ol (Bolton et al. 2010) o .bg (Sdumwgr b pius
O Slodzn (S en y Juols LigS g5y 4 Cuaglio 457 155 5
&3 el saSid 5 (Sigle i sl cady jsle
Cias > s 3yt il S 4y o g gl 5 o
Caoglio aS” Wby lis (Liu et al. 2019) ), ¢ 4
‘Cuol olS Ady asye 4 atwols R.osOlaNt & 8,0
Sedl juin JolSS b 4 Juee GllS Sigysba
s (508 o] ] logiuly b b (il 5 olos
ol Sl el ol g o Joio pler sloazalS <,
398 ploxl )y Gilisee Jolye )3 b Caglis (o)) & conl

D)8 yods w3 |y Loy (HBly GiSly plon U
S bl U WBjuse ey slaglen o dkl,
oy K5 g glil w aS cwl ool i (S wgi g calisee
PSS AV ) (Shewg 9 e S0 ol Gl
s(Harveson et al. 2002) 555 o0 3,9 & lus jbS 45 ,Ss
ladids ) (5)eSS plojiode JialS  0gMe (ilow cul el ple
o2l o Jlasinl (S5 Gials g 4518 bawg 993 dl> o
Dgdiee J S M SRl cage ady) 3Sles 5 e
oS sl oad jasuie 485 Oygo o)y Gib (niren
Lo polie pB)l jl eslatl (gilogy ol b allie ol o pige
pB)l (Byme cuenl & Jlas -yl (Buttner et al. 2004)
wijiiz g oS len jl (36 s (il g polie
B S 4 pglie Wy b5 Bl )h drwg
Bblie 3 (298 3,8es & (lgts & 392 (55908 2bisSoi)
A asuie 3 adlbe cpl )3 .l cuns (ylew opl 4 03]
10ls o5, U |y alols a8 F-21446 5 F-21439 4|
odimd s yal ol 48 ol L (F-21436) Loyl polio

Ol Wlgi oo & Bl oo )] (] 3 (6 Lo & VU Canglie



References 3w 3,90 aalio

Bolton MD, Panella L, Campbell LG, Khan MF. Temperature, moisture, and fungicide effects in managing
Rhizoctonia root and crown rot of sugar beet. Phytopathology. 2010; 100(7): 689-697. DOi:
https://doi.org/10.1094/PHY TO-100-7-0689

Buhre C, Kluth C, Burcky 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/PDI1S-93-2-0155

Buttner G, Pfahler B, Marlédnder 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

Ebrahimi Koulaee H, Mahmoudi SB, Hasani M. Evaluation of the resistance of sugar beet breeding lines to
Rhizoctonia root and crown rot. Journal of Sugar Beet. 2010; 26(1): 31-42. DOI:
https://doi.org/ 10.22092/jsb.2010.758 (In Persian with English abstract).

Ebrahimi Koulaee H, Mahmoudi SB, Soltani J, Ebrahimian H, Pedram A. Study on breeding diploid pollinators
resistant to Rhizoctonia. Sugar Beet Seed Institute, Karaj. 2009. Report No.: 88/581. (In Persian).

Ebrahimi Koulaee H, Mansouri H, Aghaeezadeh M, Mohammadian R, Soltani J, Fotouhi K. Evaluation of yield
potential and resistance to Rhizoctonia solani disease of new sugar beet (Beta vulgaris L.) hybrids. Iranian
Journal of Crop Sciences. 2019; 21(2): 173-187. DOi: https://doi.org/10.29252/abj.21.2.173. (In Persian).

Ebrahimi Koulaee H, Taleghani DF, Soltani J, Fotouhi K. Development of Rhizoctonia-resistant diploid pollinators.
Sugar Beet Seed Institute, Karaj. 2015. Final Report. (In Persian).

Hamze H, Mansouri H, Hassani M, Sadeghzadeh Hemayati S. Evaluation of new O-type lines of sugar beet
resistant to root and crown Rhizoctonia rot under artificial microplot infestation conditions. Journal of
Sugar Beet. 2023; 39(2): 125-138. Doi: https://doi.org/10.22092/jsb.2024.365029.1347.

Harveson RM, Rush CM. The influence of irrigation frequency and cultivar blends on the severity of multiple root
diseases in sugar beets. Plant Disease. 2002; 86(8): 901-908. DOi:
https://doi.org/10.1094/PDIS.2002.86.8.901

Hecker RJ, Ruppel EG. Polyploid and maternal effects on Rhizoctonia root rot resistance in sugar beet. Euphytica.
1976; 25(2): 419-423. Doi: https://doi.org/10.1007/BF00041552.

Kirk WW, Wharton PS, Schafer RL, Tumbalam P, Poindexter S, Guza C, Fogg R, Schlatter T, Stewart J, Hubbell
L, Ruppal D. Optimizing fungicide timing for the control of Rhizoctonia crown and root rot of sugar beet
using soil temperature and plant growth stages. Plant Disease. 2008; 92(7): 1091-1098. DOQi:
https://doi.org/ 10.1094/PDI1S-92-7-1091.

Kluth C, Varrelmann M. Maize genotype susceptibility to Rhizoctonia solani and its effect on sugar beet crop
rotations. Crop Protection. 2010; 29(3): 230-238. DOi: https://doi.org/10.1016/j.cropro.2009.12.002

Lein JC, Sagstetter CM, Schulte D, Thurau T, Varrelmann M, Saal B, Koch G, Borchardt DC, Jung C. Mapping of
Rhizoctonia root rot resistance genes in sugar beet using pathogen response-related sequences as molecular
markers. Plant Breeding. 2008; 127(6): 602—-611. DOi: https://doi.org/10.1111/j.1439-0523.2008.01525.x

Liu Y, Qi A. Khan, M.F.R. Age-dependent resistance to Rhizoctonia solani in sugar beet. Plant Disease,
2019;103(9): 2322-2329. DOi: https://doi.org/10.1094/PDI1S-11-18-2001-RE.

Mahmoudi SB, Ebrahimi Koulaee H, Soltani J. Evaluation of sugar beet germplasm to obtain a source of resistance
to Rhizoctonia root rot. Sugar Beet Seed Institute, Karaj. 2007. Report No.: 86/1275. (In Persian with
English abstract).

Mahmoudi SB, Norouzi P, Khayamim S, Bazrafshan M, Mansouri H, Ahmadi M, Sadeghzadeh Hemayati S,
Aghaeezadeh M. Identification of proper maternal parent for producing sugar beet cultivars resistant to


https://doi.org/10.1094/PHYTO-100-7-0689
https://doi.org/10.1094/PDIS-93-2-0155
https://doi.org/10.1046/j.1439-0523.2003.00967.x
https://doi.org/10.22092/jsb.2010.758
http://dx.doi.org/10.29252/abj.21.2.173
https://doi.org/10.1094/PDIS-92-7-1091
https://doi.org/10.1094/PDIS-92-7-1091
https://doi.org/10.1016/j.cropro.2009.12.002
https://doi.org/10.1111/j.1439-0523.2008.01525.x

iy Sy &y Cannd A8 )i ()18 BByl Cuoglio b5l Y¥A

major soil-borne diseases. Journal of Sugar Beet. 2020; 36(1): 1-13. (In Persian with English abstract).
DOi: https://doi.org/10.22092/jsb.2021.351187.1244.

Mahmoudi SB. Breeding diploid pollinators resistant to rhizomania and Rhizoctonia in sugar beet. Sugar Beet Seed
Institute, Karaj. 2014. Report No.: 46349. (In Persian).

Monteiro F, Frese L, Castro S, Duarte MC, Paulo OS, Loureiro J, Romeiras MM. Genetic and genomic tools to
assist sugar beet improvement: The value of the crop wild relatives. Frontiers in Plant Science. 2018; 9: 74.
Doi: https://doi.org/10.3389/fpls.2018.00074.

Panella L, Lewellen RT. Broadening the genetic base of sugar beet: Introgression from wild relatives. Euphytica.
2007; 154(3): 383-400. Doi: https://doi.org/10.1007/s10681-006-9209-1.

Panella L. Root rots. p. 95-100. In: Biancardi E, Campbell LG, Skaracis GN, de Biaggi M. (Eds). Genetics and
Breeding of Sugar Beet. Enfield, NH: Science Publishers. 2005.

Pourrahim R, Najafi H, Farzadfar SH, Ardeh MJ, Sheikholeslami M, Fatemy S, Ghasemi A, Arbabi M. Sugar Beet
Handbook (Plant Protection). Agricultural Research, Education and Extension Organization (AREEO),
Ministry of Jihad-e-Agriculture, Iran. 2016. Report No.: 50954. (In Persian).

Salazar-Ordofiez M, Pérez-Hernandez PP, Martin-Lozano JM. Sugar beet for bioethanol production: An approach
based on environmental agricultural outputs. Energy Policy. 2013; 55: 662—-668. Doi:
https://doi.org/10.1016/j.enpol.2012.12.063.

Shekholeslami M, Jalilian A, Younesi H. Evaluation of sugar beet commercial cultivars resistance to Rhizoctonia
root rot in greenhouse and field conditions. Journal of Sugar Beet. 2021; 37(1): 1-10. (In Persian with
English abstract).Doi: https://doi.org/10.22092/jsb.2022.355407.1282

Shekholeslami M. Identification of sugar beet root rot fungi and determination of their distribution in Kermanshah
province. Kermanshah Agricultural and Natural Resources Research and Education Center, Kermanshah.
2000. Report No.: 80/443. (In Persian).

Soltani J. Breeding and developing pollinators tolerant to Rhizoctonia in sugar beet. Sugar Beet Seed Institute,
Karaj. 2014. Report No.: 46355. (In Persian).

Soltani Nezhad S, Mahmoudi SB, Farokhi Nezhad RF. Characterization of sugar beet Rhizoctonia isolates in Iran.
Journal of Sugar Beet. 2007; 23(2): 135-150. (In Persian with English abstract).Doi: https://doi.org/
10.22092/jsb.2007.1315

Strausbaugh CA, Gillen AM. Bacteria and yeast associated with sugar beet root rot at harvest in the Intermountain
West. Plant Disease. 2008; 92(3): 357-363. DOI: https://doi.org/10.1094/PDI1S-92-3-0357.

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. 2023; 24(4): 319—
334.

Tomaszewska J, Bielinski D, Binczarski M, Berlowska J, Dziugan P, Piotrowski J, Witonska I. Products of sugar
beet processing as raw materials for chemicals and biodegradable polymers. RSC Advances. 2018; 8(6):
3161-3177. DOi: https://doi.org/10.1039/C7TRA12782K.

Wigg KS, Goldman IL. Variability in reaction to root and crown rot caused by Rhizoctonia solani among table beet
cultivars, breeding lines, and plant introductions in controlled environment conditions. Hort Science. 2020;
55(9): 1482-1494. DOi: https://doi.org/10.21273/HORTSCI15011-20.

Windels CE, Kuznia RA, Call J. Characterization and pathogenicity of Thanatephorus cucumeris from sugar beet
in Minnesota. Plant Disease. 1997; 81(3): 245-249. DOI: https://doi.org/10.1094/PDI1S.1997.81.3.245.

Windels CE, Nabben DJ. Characterization and pathogenicity of anastomosis groups of Rhizoctonia solani isolated
from Beta vulgaris. Phytopathology. 1989; 79(1): 83-88. DOi: https://doi.org/10.1094/Phyto-79-83.

Zhao C, Wu XH. First report of sugar beet Rhizoctonia crown and root rot caused by Rhizoctonia solani AG-2-2 111B

in Shanxi Province of China. Plant Disease. 2014; 98(3): 419. Doi: https://doi.org/10.1094/PDIS-07-13-
0717-PDN.


https://doi.org/10.1007/s10681-006-9209-1
https://doi.org/10.22092/jsb.2007.1315
https://doi.org/10.1039/C7RA12782K
https://doi.org/10.1094/PDIS-07-13-0717-PDN
https://doi.org/10.1094/PDIS-07-13-0717-PDN

