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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 No.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), No.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.
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Table 1. Origin of the studied pollinator lines.

0 lowd o) 8 kot o) 8 lowd o)
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

i Lo 4y Jy st Ly 53 b s 858 (55
My 6lp g a8l Jlasl (Potato Dextrose Agar) PDA
A r5 0y9> Lol (il 4253 YO (glos L ibiosSl ) i
o 59y dw )5 )8 (So)b el Vg (olidg) col
CuiS baee (59 p oadeulS kb jl )8 gls duny )
Jole @B (plolid Caled 3 5 silopalls csilolia 4 s
S5 (IS B 5 S5y el 2 (SFgledre o) b olen
(Parmeter and Whitney 15,5 pladl lacsg Sl JuSis
winlesl zoli 5l luebsl yobaieds 48" sl S5 4 p5Y 1970)
sy Jols 5 412815 (o 15 503 S8 oS oy &
weaglio oyl )3 g A 0313 yhuo 6yes s odmliie ] )
Lk s 1 8483 )y Slusloes )3 00 0500 b gladidy,
(Buttner et asb 03,8 as, S o5l a4y (5lwosgll 5| s

al. 2004)

5l cpY ,» (DI= Disease Index) )lon asls

JS 25y 005 o L iy ol 3 0505 S Juols s
(Buttner et al. 2004) 15 awlxe )8 ol slaads,
o5 3l 3 (HI= Harvesting Index) cuslsy asls
ALY oy b gbdadyy dlass p VB Y 0y0d b (sbaaiy ) sliss
sz inlejl @l 1 bl jglaiod ol Cunday @S s
Jole 5B b s Clsasl odgll slaadtyy el jI Bolus diges
ol johate ol (dly 235 plolid 5 (ilube (Suswy,
s 48,35 Vo oty Of oMo by 05 50 039l (claais,
2 o 290 L o5l ad) 4 e S5 Gl b as
Gl (SeS caond iy b fjiel sgn daioee JS1s
9a5 dlayl 4y odwgy Cuand g il 8l o Juold s> ad
Sdods 203 iy mdes CoplS g Jslone J3bo o Jee iy
saie o o3l dw ol 5l e g 00l siens dads S

Joil (Slo 2K g9y coled 0 g gdiend oyl

(Buttner et al. 2004) ous ol slodis, (¢ low rd whie ¥ Jodo
Table 2. The scale of disease severity in evaluated roots (Buttner et al. 2004)

3% g
Score Description

1 Healthy rootJl. 4,

2 Lesion on about 1% Of root area  sdew o5 )b ads;y pdaw Lo ys s 292

3 Lesion on 1-5% of root area sdaw o35 (s aiy paw doyd s b S5

4 Lesion or canker on 5-10% of root area ,Sils L g o35 (sl adyy gdaw duops Vo b gy

5 Lesion or canker on 10-25% of root area ,Sils b g o35 (sl 4y gows 20> YO 5 1+

6 Lesion or canker on 25-50% of root area Sl L g o35 (sl 4y gdaw Juoys 8+ b Y0

7 Lesion or canker on 50-75% 0f root area ,Sils b g o3 (sl 4y gows 20> YO 5 0+

8 Lesion or canker on > 75% of root area ,Sils b ¢ o35 (slyls auts; o 2oyd VO 1 i

9 Dead plants, complete rotting of the rootss.s Mels azy; w3y ks
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Table 3. Mean comparison of pollinator lines for root number, disease index and harvest index

Slosd ) by y dlax Slow s L Cuils p pad Lo

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 44.31
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 ke 15.88 5.03 31.64
Minimum sl 9.00 3.35 6.53
Maximum sl 22.00 7.19 59.02
Standard error L. &l sl 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

) lowd K3 3) 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

ti aalio ©ol3l 4 yn Golows ad L Caild y ad bl SHG
S.0.V df Disease index Harvest index

Inter groups s oy, 5 5.05** 1301** 0.201**

Intra groups s s4,5 9,5 18 0.299 7.46 0.006
Cluster 1 ol ass - 3.77¢ 55.52 a 0.810 a
Cluster 2 pg> 4355 - 5.56 ab 24.18d 0.355 de
Cluster 3 psu a5 - 4.58 he 37.04¢c 0.557 bc
Cluster 4 ¢l <o - 4.07c 44.71b 0.688 ab
Cluster 5 wox, ases - 4.93 be 30.12d 0.480 cd
Cluster 6 pis ases - 6.31a 11.75e 0277 e
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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

Olio L Jole
Traits Factors
P93 Jole Py Jole ek Jole
PC1Js! PC2 PC3 PC4
adyy s 0.011 1.00 -0.004 -0.004
Plant number
Sl o3 ls -0.970 -0.020 0.242 -0.001
Disease index
caslyy yasls 0.983 -0.139 0.108 0.048
Harvest index
Jloss) cuigs olsesl Lasls 0.985 0.152 0.060 -0.047
SIG
daduiio Ay, 1.04 0.074 0.004
EigenvaOlue
byl 72.05 26.05 0.793 0.103
(%)Variance
o5 il 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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