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Extended Abstract

Introduction

Rhizoctonia root and crown rot of sugar beet is one of
the most important diseases of sugar beet, which is
present in most beet growing regions of the country. The
soil-borne fungus Rhizoctonia solani causes root and
crown rot, significantly reducing the economic yield of
sugar beet. Control of rhizoctonia root and crown rot in
sugar beet using crop rotation and fungicide application
has reduced the disease damage, however, an
unacceptable and significant amount of rot still occurs
in the fields. The development of rhizoctonia-resistant
cultivars has been identified as the most practical and
economical approach, and in some cases, recommended
as the only effective way against this disease. On the
other hand, the presence of resistance in the sugar beet
pollinator plays a significant role in the development of
resistant hybrids. One of the steps in the development of
a rhizoctonia-resistant hybrid is to identify the source of
resistance in the genetic material.

Materials and Methods

In order to evaluate the resistant pollinator lines, 27
pollinator lines along with two resistant checks (FC 709-
2 and Novodoro) and one susceptible check (191) were
evaluated for rhizoctonia resistance under artificial
inoculation with Rh133 isolate based on randomized
complete block design with three replications under
micro-plot condition in Hamedan in 2022. Eighty-five
days after planting, artificial infection of sugar beet
plants with rhizoctonia fungus was carried out. For this

purpose, five corn seeds infected with Rh133 isolate of
rhizoctonia solani AG 2-2 were placed nearby crown
area of the roots in 5 cm depth, and plants were
immediately covered with soil and irrigated. To ensure
adequate spreading of the inoculum, plants were
irrigated every 3-days for two weeks and then once a
week to maintain moisture.

Roots were harvested 22 days after the artificial
inoculation, and the root disease index was assessed
using 1 to 9 scale .The disease index for each line was
calculated by multiplying the score and the number of
roots associated with that score, then dividing it by the
total number of roots in that plot. The harvest index was
obtained by dividing the number of roots with 1-3 score
by the number of roots with 1-9 score in each plot. To
ensure accurate test results, several random samples of
infected root tissue were selected to isolate and identify
the fungus causing the rot. The Selection Index of Ideal
Genotype (SIIG) method was utilized to examine
genetic diversity while integrating traits such as root
number, disease index, and harvest index. To classify
genotypes, cluster analysis (using Euclidean distance by
Single method and considering 95% similarity) was
used based on the disease index, harvest index and SIIG
index of each line and rhizoctonia resistant lines were
identified. Factor analysis was also performed based on
principal component analysis. SAS v.9.1, R v.4.2.2 and
Minitab v.16 software were used to analyze the data and
drawing graphs.

Results and Discussion
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The culture results obtained from the laboratory
indicated that the disease's causative agent was the
rhizoctonia solani fungus in tested samples. Based on
the results of the analysis of variance, the differences
between the sugar beet pollinator lines were significant
in terms of root number (df=23, F=2.51, p=0.0039),
disease index (df=23, F=2.69, p=0.0021), and harvest
index (df=23, F=2.29, p=0.0082). In this experiment, the
average number of roots evaluated for each genotype
(roots with 1-9 scores) was 15.88 roots. Therefore, the
number of roots required to evaluate and estimate the
disease index and harvest index was sufficient and
appropriate. The lowest and the highest number of roots
was observed in line No.7 (S1-140292) with 9 roots and
line No.11 (S1-140302) with 22 roots, respectively. The
average disease index of the pollinator lines was 5.03,
which indicated the effectiveness of the pathogen
inoculation, as well as soil contamination in the
experimental environment, along with the favorable
environmental conditions (temperature and humidity)
for the development of the pathogen. The disease index
of resistant controls in this experiment was 3.78 and 3.35
for FC 709-2 and Novodoro, respectively, and 5.91 for
the susceptible control. Among the lines studied, the
lowest disease index (3.53) was observed in pollinator
line No.1 (S1-140279), which was identified as the most
resistant line among the pollinator lines. The results of
the experiment showed that line No.1 (S1-140279) had
the highest harvest index (59.02%) among the studied
lines. Lines No.21 (S1-140321) and No.2 (S1-140282)
were ranked in one group with harvest indices of 53.43
and 53.29%, respectively.

In this study, the minimum and maximum SIIG values
estimated for the studied pollinator lines were 0.914 for
the resistant control Novodoro and 0.187 for pollinator
lines No.8 (S1-140293) and No0.13 (S1-140306),
respectively. Lines No.2 (S1-140282), No.21 (S1-
140321), No.1 (S1-140279), No.20 (S1-140316), No.5
(S1-140287) and No0.10 (S1-140296) were the closest
pollinators to the ideal pollinator line with values of
0.812, 0.760, 0.755, 0.732, 0.709 and 0.704,
respectively. Cluster analysis classified the studied lines
into six groups, with the lines in the first cluster (lines
No.1, No.2, and No.20) and the fourth cluster (lines
No.5, No0.9, No.10, and No.20) identified as the most
resistant lines.

In factor analysis to evaluate the resistance of pollinated
lines to rhizoctonia rot under micro-plot, two factors
with eigenvalues greater than one were selected. The
first factor explained 72.05% and the second factor
explained 26.05%, and in total, 98.10% of the total data
variation. Factor analysis based on principal component
analysis showed that the first factor explained the largest
amount of data variation (72.05%) and had large and
positive coefficients for the traits of harvest index and

Yy

SIIG index and a negative and significant coefficient
with the disease index. The second factor also explained
26.05% of the variation and had a positive and
significant coefficient with the trait of number of roots.
The results of the biplot graph, considering the first two
components, showed that six pollinators, including lines
No.1, No.2, No.20, No.21, No.10 and No.5, were in a
suitable position in the biplot graph in terms of
resistance indices. Results also showed that the six
pollinators did not have a significant difference in terms
of disease index compared with the resistant controls
Novodoro and FC 709-2, and they can be introduced as
resistant lines.

Conclusion

In general, the pollinator lines No.1 (S1—140279), No.2
(S1 — 140282), No.5 (S1 — 140287), No.10 (S1 —
140296), No0.20 (S1 - 140316) and No.21 (S1 —
140321), which were recognized as resistant lines can
be suggested for future breeding programs.

Keywords: Artificial inoculation, Disease index,
Pollinator, Rot disease.

References

Colquhoun J.B, Chapman SA, Gevens AJ, Groves
RL, Heider DJ, Jensen BM, Nice GR.W, Ruark
MD, Wang Y. Commercial vegetable
production in Wisconsin. Madison: University
of Wisconsin Extension. 2020. (Available at
https://cdn.shopify.com/s/files/1/0145/8808/42
72/files/A3422-2021.pdf. Accessed 13 April,

2020).

Mall A, Misra K, Lal RJ, Kumar M,
Santeshwari A, Kumar Pathak AD.
Rhizoctonia root rot: A threatening disease of
sugar beet incited by Rhizoctonia species.
Indian Journal of Sugarcane Technology. 2020;
35 (02): 1-4.

McGrath JM, Panella L. Sugar beet breeding. 167-
218. In: Panella L. (Ed.). Plant Breeding
Reviews. Somerset, New Jersey: John Wiley
and Sons, Inc. 2019.

Pethybridge SJ, Kikkert JR, Hanson LE, Nelson
SC. Challenges and prospects for building
resilient disease management strategies and
tactics for the New York table beet industry.
Agronomy. 2018; 8: 112 :1-17. Doi:
https://doi.org/10.3390/agronomy8070112.


https://doi.org/10.3390/agronomy8070112

N1
YT RS » & &
3 = o o Y
h. AP I o O \-
.0. »” ISCPBS »

SBSI Journal Home Page: https://jsb.areeo.ac.ir Sl L

S Mgy 4 eglle W8 ke W Lidled 5 b Y o lwlins g Cwglie (sb ;)]

Tadgb g ada (o bigS o3,
Resistance evaluation and identification of new sugar beet pollinator lines
resistant to Rhizoctonia root and crown rot
T2yl pST N e (5o 030 e T ygate del>
NIV ol Fo,b VYR wcl ) )b

gy allie g
DOI: 10.22092/JSB.2024.366460.1364
5 adoy 2L5S g, (Somws 4 pglie aidjaiir wax ladles T lacn¥ olulid 5 Cuglio oLl 60,9 e | 9 (P .o 030 T (G ypaie T
A E R ) ) SRV PRVETPE S

S

Elre SR lom (w ke 51 S g oo Sl Rhizoctonia solani g, B huwy 5 &8 wds oWeSgn, 5wy
3 0okl b (g5l SRS il 381 g IS E B e (IS 05294 sgi laa 1o (R 39M o0 Dgmine ;0S5 ke
A )de e 08 ) Ak )3 (S b R 90392 (559 18 Pglio da (S pd Pgle dkd (il Bl Sl oy el gl 2B
OLid103,5 ¥ YV 3luwi VP ) Jlo 45 LigiSon, &1 paliie Lidlos S glacu¥ syl yolikeds (bl o2l i -Conwl pteo sloann
2 oWieSei, (Saawer & Cuglie i 1 (14 2395) (wlwa wald S5 5 (9599995 9 FC 709-2) wglie sl 93 of podres
Egan (S3g bl i )3 clod sl (amb @ilio g (55)9WiS (155901 5 i 3 50 WiB puiiy Ol (oS SLCWy9,S
3 esliiwl Jols aep¥ (i)l sy, a5yl 1 aw b (ol o5 sSsl gy B 43 RN133 aylaa L
S5 Ve 9B X e ) XY Y oyloud g SHG Ladlis bl y1 399 My gl 435 5 laded 4355 SIG sl
oWl (2] 32355 (§akd 09,5 (sl &1y (o2 3390 (Y (glandos 4 s . aisg) Jloss] (Uidles 5 (Y & W Lidles 5
Polie waLS LY 9 Ve A D (¥ jla 555 o)k 0955 15 9 9593995 Polie WALS LYY 9 ¥ ) (LESIed S (¥ aww cJgl 09,5 )3
Jol allze 93 (wlwl 32 SV 6L 4525 (mideed b (alwlud pglie LacnY lgieas 9 W38,5 )18 09,5 G ;5 FC 700-2
W85 108 Coglio sy yad bl S 51 OV 6L 5l omwlio CarBao 20 g Vo (FY (Vo (V) o)lows gy Lidlon,S ol> (Lo
S1-) Yo (S1-140296) Y+ (S1-140287) & (S1-140282) ¥ (S1-140279) 3 ¥ Liwh i 4 dagi b IS ,ob

Mg oo dmogl (6015 I sLAl p gl g wlind gl Lidlod 5 sl wY olgicas (S1-140321) ¥y 4 (140316

Solom a3l () Liblod S 4l ¢ Sauwsy (low (Somas (53¢l 1605 o1y

ol Y B —oY = oV V000 Ggarn 0yled 4y Slisins g )b I 45y dllie o) -

h.mansori@aree0.ac.ir : Jsiue oding g — ..



https://jsb.areeo.ac.ir/
mailto:h.mansori@areeo.ac.ir

ebdles S elayY Lol 5 Cunglie i)

(Strausbaugh et al. 2011; Buttner et al. Ll .
.2004)

IS5 Cuoglie g olerd Cupte (o) oy,
6 5 (A6 Aty Sues S sl il
.(Haque and Parvin 2021) 55, . ,les 4 R. solani
olitwl b 8 yitsx a8l g Al 2lgS gy (Shewr J S
(Kluth and Verrelmann 2010;  e<l,; o5l
b Sz Guae o Pethybridge et al. 2018)
Golow Oylud yials 4 i (Colquhoun et al. 2020)
I spSoia g Jpd hBpd e g2y nl b Jy 33,5
.(Bolton et al. 2010) sl o Wl g)l50 > (Stuws
pie g My anje ialS U @ plie olS cuglia
S lgieds pgoww Cyan 5 iU asxe ) sla 54l
(McGrath cusl gskae (gloss ol 58 ) St 5 550 )13
Olyea WgSonly 4 pylie pB)l anwgs £t al. 2015)
3lge (odm )3 g 05 (Byme 3509y (n pgdlatll g p B es
o dpogi (lom (nl b ojple sl S5e ol Ll lgica
polie pl8)l 5l oalizwl .(McGrath and Panella 2019) ..l
039 FiajanS (J S lagby) plo & Cuns oS pl e,
Sl esllae al, S plysar o)l 55 VL LB
Syb I (Panella 2005) cul sasasls (gjlow J8
ol jwds (il B yaias lidled 3 Al > Cuoglie 3934 500
ad e 1S ol pglie (sl gl 5 agg 5
Slgo ol )3 Cuoglie i (Lol LisiS 53, 4 pslie sy en
(Vahedi et al. 2016; cuwl zls & o Jsl  So;
5l by slaopY cwglis Jbj,l Basati et al. 2013)
olgis 4 Oy Seo llyd )3 ogime Sagl bl 5 b
etal. 2003)

sokatedy Lidled, S slapY o)l Gaa b ol 6fgy
2 WBeSsh) Glew & pylie (S5) > gl ool
45 plol Mg Se egme (Sogll Ll

¥

o

dodo

{Beta vulgaris) .s,uz sl gylon cpimte 5l S
4 Cowl M8y a5 g ey b9 9h ) (Shwn )lo
(Ebrahimi = 5,5 3525 )98 (o)l nin gble 51 5
NS 2,6 olw pl Jole Koulaei et al. 2019)
dgb ¢ dudy)y Sdwes cel aS” sl Rhizoctonia solani
(Mall 545 o0 18,0050 Jomamo (sdlail 5 Slas  yialS 4
9 GligSsi) (S o bl etal. 2020)
(S5 31 (36 &S ool aaB B (Sogl 5l elise g
gord sk (Sogll Jgl g5 1 ol e 59052l
(Harveson cul olyen Sy p3 sloal s olus b g ol
AG-3 (555050l slaog,S )3 i bailis ol 45 2006)
ped g9 (Windels et al. 1997) cuol oais 5,55 AG-5
PO b ady) jw Ceowd el Bgpme didy) (S 4 &S
(Harveson s’ .o i i dBsbo Cuoww dy 5 0445 £ gy duliy
AG (gj909mll 09,5 4 slxie yuiw 45 and Russ 2002)
2 2eS o) b g ady) (S kol Jols g 0390 2-2
(Stojsin et al. 2011) cuwl L0050

dibio olon g Ol Lulpd 4 405 b (g)low Oylud i
B s b oy 00 b jho I Jpae 4 dedo Cul it
@y b Jypaxe JolS (30 o jl ©Byl (BB g 0o 7 b
[(Buhre etal. 2009) ¢l o 351y >, (Sdgll a4
Uials” (Strausbaugh et al. 2011) 4, Ken 5 Kbl yias!
O ey Bl Gl B ) gyl (ol by ady) 3)Slas
Sy Sl wEse dSles (Al i lodges
P 5 o Solile 3 dsyie & slasyie I 2ligSoi)
ol 38kes ) (6pSadiy (1ol & e 2S5 sla Sl
SkSL [ Sskal (Strausbaugh 2016) 335 o Jgame
ol el aals Sye g ady; Jolf Sty Sy
Cosl WByriiy glie 0 wad (ool s o (glen
ol (Strausbaugh et al. 2011; Harveson et al. 2009)
oAb B i Ay )3 oS0 33 Syl EalS 4y e )8
bl SBJ 5 S Jlasinl wulp s ]y U



Yo

imsn ) 03liuol b g LSS aan o Mg ,Sue olol s
A5 plsl L
Ol o el W oyd cladily rdls wlo 4 (¢lp
Sos Cel Sy Gde 4 Jlgie jgy 93 9 5 okl
S lame I Sund iz (odd Ggiedd Sl 28
3oy VY Cdeds 5 48)5 )18 )3 slaaly 59y )8 059y
A (651K el olSiws jo 315 il ax ) YO lod (o
Fsman (S5l ol dye sl 3 5 <SSl g g, AD
ol Sl e85 plnl LigSon, )8 4 18,00 by,
B 5l Rh133 wlis 4 odgll &) b sae m (jelate
Oy oSk sllb) Rhizoctonia solani AG 2-2
Ges ) &g by (Bolton et al. 2010 < ol5 ¢ los
oM 4 (Windels et al. 1997) cé,5 1,5 o sl O
Jole @B (b3S polaiods 5 o)kl 5 (2SI oaigy
5 LSy oy dw o atim 93 b Mg Seo skl g)lon
& cwl S5 4 p¥ 8 pbol LS glasis ugw
1 Golen Jele )8 4 (Sogll il (oislojl glac S

g |yl

VEY /Yoo /F+ als /5 005

LS9, 9 3190
polie (Lidlos)S slacnY i3Sy (obj)l soate 4
lg YV ke wl)uie aligSeny Shwn Gl
FC-700- Jols pglie sals 53 olyanas (V Jgi2) (ltdlos S
3 (VY 03g5) (wlee 2l S 9 (NOVOOr0) 993945 5 2
bolpd co )5 aw b (Bolas JalS slacSsh )b B
Ohigel 9 Olados S0 slacMyg Ses )3 osian (S
i) (QBLST oBsl) Ghen Gl (> mlio g (55908
Jbo olecudiqud )yl s 2u,b )0 pY 2 )l jelaie cpl 4.0
ol (glol g cusS 185 aw b (5520 93 s S5 )3 VF )
5oy ¥V aold @ g S cllas b pbol cuis 5l an
S5 yro gl Vo b A dlolh | aagy g plogl cutS 1 g
ojlee sl e 3l cublS Las ym )3 Wiy YO b Y+ oS
I (LphlS) SIS S epgails (ASopds 5l SSdl L
oS5 3 Sy g sbwars bl (dly g OySLuS s
S b by ord duogi Jodll)giod b b pslSliel
2B lacslon S8 gl 20l oolital Ll esiSuys
S (Sl ©ygod 5 jyp sladile i plxl o)l

L)«u‘.o)‘ 5 o] )90 OLﬁélob)f LSL“Q:’.\/ u")")l ) Jg.\?
Table 1. Origin of the studied pollinator lines.
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No. Origin No. Origin No. Origin
1 S1-140279 11 S1 - 140296 21 S1 - 140312
2 S1-140282 12 S1-140298 22 S1 - 140315
3 S1-140284 13 S1-140299 23 S1 - 140316
4 S1 - 140285 14 S1 - 140302 24 S1-140318
5 S1-140287 15 S1-140304 25 S1- 140319
6 S1 - 140289 16 S1 - 140306 26 S1 - 140321
7 S1 - 140292 17 S1-140308 27 S1 - 140322
8 S1-140293 18 S1 - 140309 28 Check 1 (FC 709-2)
9 S1-140294 19 S1-140310 29 Check 2 (Novodoro)
10 S1 - 140295 20 S1-140311 30 check 3 (Mass-191)
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Fig. 1. The pattern of the disease severity in sugar beet roots and their related score
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Table 2. The scale of disease severity in evaluated roots (Buttner et al. 2004)
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Table 3. Mean comparison of pollinator lines for root number, disease index and harvest index

e o) ady) dlasi Solows a3l Cuilsyy yad L

Treatment Origin Root number Disease index Harvest index
1 S1-140279 13.33 3.53 59.02
2 S1 - 140282 17.00 3.80 53.29
3 S1 - 140284 10.67 5.22 23.69
4 S1 - 140285 15.33 4.16 40.08
5 S1 - 140287 17.00 4.23 44.55
6 S1- 140289 21.00 5.55 12.71
7 S1 - 140292 9.00 4.72 37.12
8 S1 - 140293 15.00 6.78 7.33
9 S1 - 140295 12.33 4.52 45.50
10 S1 - 140296 16.33 3.94 4431
11 S1 - 140302 22.00 5.79 15.24
12 S1 - 140304 20.00 5.95 15.96
13 S1 - 140306 14.67 7.11 10.62
14 S1- 140308 17.00 6.08 10.74
15 S1 - 140309 20.00 4.17 29.76
16 S1 - 140310 17.00 7.19 6.53
17 S1-140311 17.67 4.86 33.93
18 S1- 140312 11.33 6.04 14.84
19 S1 - 140315 11.00 5.69 30.48
20 S1- 140316 17.00 3.90 45.60
21 S1- 140321 15.67 4.39 53.43
22 Check 1 (FC 709) 15.00 3.78 43.59
23 Check 2 (Novodoro) 19.67 3.35 56.36
24 Check 3 (191) 16.00 5.91 24.68
LSD 5% 6.07 2.00 21.93
Average Sle 15.88 5.03 31.64
Minimum sl 9.00 3.35 6.53
Maximum slus 22.00 7.19 59.02
Standard error Las Gl 0.690 0.236 3.47
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Table 4. The values of d+ (distance from ideal genotype), d- (distance from non-ideal genotype) and SIIG
(Selection Index of Ideal Genotype) and ranking of sugar beet pollinator lines

a9, e R3] d+ d- SIG
Rank Treatment Origin
1 23 Check 2 (Novodoro) 0.033 0.349 0.914
2 2 S1-140282 0.073 0.315 0.812
3 21 S1-140321 0.095 0.302 0.760
4 1 S1 - 140279 0.109 0.337 0.755
5 20 S1-140316 0.102 0.277 0.732
6 5 S1 - 140287 0.110 0.267 0.709
7 10 S1 - 140296 0.113 0.268 0.704
8 22 Check 1 (FC 709-2) 0.126 0.262 0.676
9 4 S1 - 140285 0.141 0.240 0.630
10 9 S1 - 140295 0.151 0.250 0.623
11 15 S1 - 140309 0.172 0.226 0.568
12 17 S1- 140311 0.165 0.212 0.563
13 7 S1 - 140292 0.213 0.200 0.485
14 11 S1 - 140302 0.268 0.180 0.401
15 19 S1 - 140315 0.233 0.151 0.393
16 24 Check 3 (Mass-191) 0.233 0.145 0.383
17 6 S1-140289 0.279 0.168 0.376
18 12 S1 - 140304 0.268 0.156 0.369
19 3 S1 - 140284 0.258 0.127 0.330
20 14 S1- 140308 0.303 0.112 0.271
21 16 S1-140310 0.342 0.101 0.227
22 18 S1 - 140312 0.305 0.072 0.191
23 8 S1-140293 0.337 0.077 0.187
24 13 S1 - 140306 0.327 0.075 0.187
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Table 5. Variance analysis (mean square) and mean comparison of clusters in terms of studied traits

i aalio &3l anys Golows ad Ll Cdld g bl SHG
S.0V df Disease index Harvest index

Inter groups s o935 -y 5 5.05** 1301** 0.201**

Intra groups s o4,5 9, 18 0.299 7.46 0.006
Cluster 1 gl ais - 377¢ 55.52 a 0.810a
Cluster 2 pg> w555 - 5.56 ab 24.18d 0.355 de
Cluster 3 ps. a3 - 4.58 bc 37.04¢ 0.557 hc
Cluster 4 ¢ <o - 4.07c 44.71b 0.688 ab
Cluster 5 oo ases - 4.93 be 30.12d 0.480 cd
Cluster 6 wis ases - 6.31a 11.75e 0277 e

Clusters mean sy nSike - 5.03 31.64 0.510
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Fig. 2. Derived dendrogram from cluster analysis by single method for grouping of pollinator lines
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Table 6. The coefficients of factor analysis for studied traits after varimax rotation

ol B Jols
Traits Factors
P> Jols Py Jole Pk Jole
PC1J,! PC2 PC3 PC4
adyy dlas 0.011 1.00 -0.004 -0.004
Plant number
ol o3 ls -0.970 -0.020 0.242 -0.001
Disease index
iy pasls 0.983 -0.139 0.108 0.048
Harvest index
Jlosl cigs olseil asls 0.985 0.152 0.060 -0.047
SIG
daduiio Ay, 1.04 0.074 0.004
EigenvaOlue
sbls 72.05 26.05 0.793 0.103
(%)Variance
JREUC W Y 72.05 98.10 99.89 100.00

(%) Cumulative variance
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Fig. 3. Biplot dendrogram from significant first two-component for the studied pollinator lines (a: based on

origin; b: based on number of lines) in terms of root number (RN), disease index (DI), harvest index (HI) and
selection index of ideal genotype(SIIG)
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