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Fig.1.Cluster analysis of Rhizoctonia solani AG-4 isolates based on disease severity (scale 0-4) 3, 5 and

7 days after inoculation on sugar beet line 261 in in vitro test.
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Fig.2. Cluster analysis of Rhizoctonia solani AG-2 isolates based on disease severity (scale 0-4) 3, 5 and

7 days after inoculation on sugar beet line 261 in in vitro test.
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Fig.2.Cluster analysis of Rhizoctonia solani isolates of unknown anastotomosis group based on disease

severity (scale 0-4) 3, 5 and 7 days after inoculation on sugar beet line 261 in in vitro test.
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Table 1.Characteristics of Rhizoctonia solani isolates used and comparison of their relative

virulence on sugar beet line 261 at three different recording dates in in vitro test

Isolate  Source Geographic Anastom Days after inoculation 4l 3l ax 53, AUDPC
No: sl location >. osis ol
3 5 7
4l i Group =
Sl o ; Pl
S35l -
Solews
Rh133 Root Lorestan AG-2 0.39ab 3.05a 3.85a 10.95a
Rh 114 Root Kermanshah AG-2 0.27bcde 2.61ab 3.72a 9.65ab
Rh 170 - Khorasan AG-2 0.46a 2.6ab 3.2abcde 9.57ab
Rh 123 - Kermanshah AG-2 0.15defghijk 2.63ab 3.81a 9.45abc
Rh 208 Root Miandoab AG-2 0.36abc 2.53abc 3.35abc 9.32abcd
Rh 126 Root Lorestan AG-2 0.21cdefghijk 2.21abed 3.56ab 8.45abcde
Rh 116 - Kermanshah AG-2 0.3abcd 2.24abcd 3.12abcd 8.4bcdef
ef
Rh211  Crown Moghan AG-2 0.07ghijk 2.2abed 3.35abc 7.95bcdef
Rh 188 Root Kerman AG-2 .23bcdefghi 2.04bcdef 3.15abed 7.82bcdef
ef
Rh 125 - Kermanshah AG-2 0.21cdefghijk 2.11bcde 2.94abcd 7.7bcdefg
ef
Rh 226 - Chenaran AG-2 0.25bcdefg 1.93bcdefg  2.97abcd  7.46bcdefg
ef h
Rh210  Crown Moghan AG-2 0.2cdefghijk 1.93bcdefg  2.95abcd  7.33bcdefg
ef h
Rh 107 Root Kermanshah AG-2 0.06ghijk 1.78bcdefg 3.42abc 7.14cdefgh
hi i
Rh 225 - Chenaran AG-2 0.14defghijk 1.84bcdefg  2.93abcd  6.98cdefgh
h ef i
Rh 109 - Kermanshah AG-2 0.1defghijk 1.91bcdefg  2.68bcdef  6.93cdefgh
gh i
Rh 190 Root Kerman AG-2 0.22bcdefghij ~ 1.44defghij  3.29abcd  6.75defghij
klm
Rh 231 - Chenaran AG-2 0.23bcedfgh 1.69cdefghi  2.77bcdef  6.74defghij
j g
Rh 216 Root Moghan AG-2 0.15defghijk 1.49defghij  3.29abcd  6.65efghijk
kl
Rh 104 Root Kermanshah AG-2 0.05hijk 1.58defghij ~ 3.05abcd  6.34efghijk
k ef 1
Rh 156 Root Chenaran AG-2 0.11efghijk 1.69cdefghi  2.63bcdef  6.31efghijk
j gh 1
Rh 201 - Kermanshah AG-2 0.17defghijk 1.48defghij ~ 2.71bcdef  6.11efghijk
kl gh Im
Rh 227 - Chenaran AG-2 0.06ghijk 1.35defghij ~ 2.97abcd  5.84fghijkl
klmn ef m

Y55
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Table 1. (continued)

(aalsl) =V J s

Rh 223

Rh 172

Rh 254

Rh 160

Rh 253

Rh 200

Rh 154

Rh 224

Rh 146

Rh202

Rh 145

Rh 163

Rh 148

Rh 151

Rh 119

Rh 155
Rh 222

Rh 230
Rh 121
Rh 144
Rh 228
Rh 147
Control
Rh 124
Rh 128
Rh251
Rh 166
Rh 189
Rh 129
Rh 267
Rh 171
Rh 130
Rh 140

Rh 212

Rh 137

Root

Root

Root

Root

Root

Root

Root

Crown
Crown
Root
Root
Crown
Root
Root

Petiole

Crown

Chenaran
Chenaran
Shahrekord
Chenaran
Shehrekord
Kermanshah
Khorasan
Chenaran
Chenaran
Chenaran
Chenaran
Chenaran
Chenaran
Chenaran
Kermanshah

Chenaran
Chenaran

Chenaran
Kermanshah
Chenaran
Chenaran
Chenaran
Kermanshah
Lorestan
Lorestan
Khorasan
Kerman
Lorestan
Karaj
Khorasan
Lorestan
Moghan

Moghan

Moghan

AG-2

AG-2

AG-2

AG-2

AG-2

AG-2

AG-2

AG-2

AG-2

AG-2

AG-2

AG-2

AG-2

0.12efghijk
0.26bcdef
0.07ghijk
0.11efghijk
0.03k
0.03jk
0.09efghijk
0.04ijk
0.05hijk
0.081fghijk
0.19cdefghijk
0.06ghijk
0.16defghijk
0.06ghijk
0.08fghijk

0.21cdefghijk
0.1efghijk

0.05hijk
0.1lefghijk
0.05hijk
0.09efghijk
0.11efghijk
01
3.84a
3.72a
3.6ab
3.54abc
3.48abcd
3.18abcde
3.18abcde
3.06abcde
3.06abcde
2.88abcdef

2.88abcdef

2.7bcdefgh

1.26efghijk
Imno
1.52defghij
kl

1.22efghijk
Imno
1.42defghij
klm
1.18fghijkl
mno
1.26efghijk
Imno
1.12ghijkl
mno
1.04ghijkl
mno
1.25efghijk
Imno
1.05ghijkl

1.14fghijkl
mno
0.62hijklm
no
091ijklmno

0.99hijklm
no
0.73klmno

0.78jklmno
0.44no

0.611lmno
0.631lmno
0.7klmno
0.41o
0.54mno
Op
4a
3.94a
4a
3.82ab
3.86ab
3.92a
3.86ab
3.92a
3.88a
3.96a

3.88a

4a

2.94abcd
ef
2ghijkl

2.98abed
ef
2.4defghi

]
3.05abed
ef
2.65bcdef
gh
2.55cdefg
hi
2.75bcdef

g
2.31efghi
jk
2.32efghi

jk
1.82hijkl

2.53cdefg
hi

1.92ghijk
1

1.9ghijkl

2.21fghij
Kl
1.5kl
1.93ghijk
1

1.66ijkl
1.46kl
1.31
1.67ijkl
1.131
Om
4a
3.96a
4a
4a
4a
4a
4a
4a
4a
4a

4a

4a

5.77fghijkl
m

5.71ghijkl
m

5.63ghijkl
mn

5.53ghijkl
mn

5.5ghijklm

n
5.29¢ghijkl
mnop
5.02hijklm
nopq
4.95hijklm
nopq
4.95hijklm
nopq
4.63ijklmn
opq
4.57ijklmn
opq
4.55ijklmn
opq
4.17jklmno
Pq
4.05klmno

Pq
3.88lmnop

q
3.61mnopq
3.06nopq

3.01nopq
2.99nopq
2.830pq
2.740pq
2.51q
Or
21.6a
21.14a
2la
20.49ab
20.42abc
19.7abed
19.67abcd
19.49abcde
19.41abcde
19.12abcde
f
18.96abcde
fg
18.75abced
fgh

YoV
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Table 1. (continued)

(aalsl) =V J s

Rh 247

Rh 142

Rh 245

Rh 198

Rh 131

Rh 258

Rh 193

Rh 139

Rh 243

Rh 241

Rh 219

Rh 242

Rh259

Rh249

Rh 257

Rh 213

Rh 173

Rh 240

Rh 177

Rh 220

Rh 115

Rh 264

Rh 106

Rh 239

Rh 138

Rh 192

Rh 255

Root

Crown

Root

Root

Root

Root

Seedlin

g

Crown

Crown

Root

Root

Root

Crown

Crown

Petiole

Root

Root

Crown

Crown

Root

Root

Root

Crown

Seedlin

g
Root

Lorestan
Moghan
Naghadeh
Kohkiluyeh
Lorestan
Karaj
Karaj
Moghan
Piranshahr
Miandoab
Karaj
Miandoab
Karaj
Lorestan
Karaj
Moghan
Khorasan
Miandoab
Khorasan
Karaj
Kermanshah
Karaj
Kermanshah
Miandoab
Moghan
Karaj

Moghan

AG-4

AG-4

AG-4

AG-4

AG-4

AG-4

AG-4

AG-4

AG-4

AG-4

AG-4

AG-4

AG-4

AG-4

AG-4

AG-4

AG-4

AG-4

AG-4

AG-4

AG-4

AG-4

AG-4

AG-4

AG-4

AG-4

AG-4

2.84abcdefg
2.62bcdefghi
2.58cdefghi
2.5defghij
2.52defghij
2.54cdefghij
2.46efghij
2.2efghijkl
2.26efghijk
1.82hijklmn
1.78hijklmno
p
1.8hijklmno
1.98fghijklm

1.64ijklmnop
qr
1.84hgijklmn

1.4klmnopqrs
t

1.54jklmnopq
IS

1.68ijklmnop

q
1.68hijklmno

Pq
1.28klmnopqr
stu
0.98mnopqrst
uvw
1.32klmnopqr
stu
0.92nopqrstuv
\
1.241mnopqrs
tuv
0.78opqrstuv
w
0.94nopqrstuv
w
0.94nopqrstuv
w

YEA

3.8ab

4a

4a

4a

3.96a

3.84ab

3.82ab

3.94a

3.56abced

3.88a

3.92a

3.88a

3.64abcd

3.8ab

3.44abcde

3.92a

3.68abc

3.4abcde

3.36abcde

3.8ab

4a

3.56abcd

3.96a

3.48abcde

4a

3.66abcd

3.08cdef

4a

4a

4a

4a

4a

4a

4a

4a

3.92a

4a

4a

4a

3.98a

4a

4a

4a

4a

4a

4a

3.96a

4a

4a

4a

4a

4a

4a

3.74ab

18.7abcdef
gh
18.55abcde
fgh
18.45abcde
fghi
18.25abcde
fghi
18.22abcde
fghi
18.03abcde
fghij
17.79abcde
fghijk
17.38abcde
fghijkl
16.69bcedf
ghijklm
16.31bcdef
ghijklm
16.29bcdef
ghijklm
16.22cdefg
hijklm
16.21cdefg
hijklm
15.7defghij
klmn
15.48efghij
klmn
15.34efghij
klmno
15.21fghij
klmno
15ghijklmn
op
14.92hijkl
mnop
14.76hijkl
mnopq
14.45ijklm
nopq
14.42jklmn
opq
14.22jklmn
opq
14.06klmn
opq
13.95klmn
opq
13.67mnop
qr
12.25nopqr
s
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Table 1. (continued)

(aalsl) =V J s

Rh 263

Rh 268
Rh 150
Rh 260
Rh 246
Rh 143
Rh 118
Rh 266
Rh 262
Rh 248
Rh 152
Rh 158
Rh 261
Rh 168
Rh 167
Rh 181
Rh 186
Rh 174
Rh 157
Control
Rh 256

Rh 206

Rh 112

Rh 204

Rh 187

Rh 207

Rh 141

Rh 237

Rh 132

Rh 196

Root

Root

Sclerot
Root
Crown

Root
Crown
Root

Sclerot

Root

Root

Crown

Seed

Root

Crown

Seedlin

g

Crown

Root

Root

Seedlin
g

karaj

Karaj
Chenaran
Karaj
Lorestan
Moghan
Kermanshah
Karaj
Karaj
Lorestan
Chenaran
Khorasan
Karaj
Khorasan
Khorasan
Khorasan
Hamadan
Khorasan
Nishabour

Karaj

Karaj

Kermanshah

Moghan

Hamadan

Karaj

Moghan

Lorestan

Lorestan

Dezful

AG-4

AG-4
AG-4
AG-4
AG-4
AG-4
AG-4
AG-4
AG-4
AG-4
AG-4
AG-4
AG-4
AG-4
AG-4
AG-4
AG-4
AG-4
AG-4
Not
distinguis
hed
Not
distinguis
hed
Not
distinguis
hed
Not
distinguis
hed
Not
distinguis
hed
Not
distinguis
hed
Not
distinguis
hed
Not
distinguis
hed
Not
distinguis
hed
Not
distinguis
hed

0.78opqrstuv
w
0.7qrstuvw
0.48tuvw
0.52stuvw
0.34uvw
0.76pgrstuvw
0.76pqrstuvw
0.34uvw
0.18w
0.06w
0.64rstuvw
0.24vw
Oow
0.46tuvw
0.3uvw
Oow
Oow
0.1w
Oow
Oow
2.58a

2.55a

2.44b

2.3b

2.4b

2.2b

0.47cdef

0.56cde

0.33cdef

0.18def

Y54

3.14bcdef

3.08cdef
3.08cdef
2.96defg
3.14bcdef
2.4ghij
2.26hijk
2.54fghi
2.34ghij
2.18hijk
1.68klm
1.8jklm
1.2mno
1.24mn
1.281mn
0.84nop
0.5pq
0.60pq
0Oq
0Oq
4a

4a

4a

3.88ab

3.6b

3.82ab

1.96¢

1.84c

1.34d

1.76¢

3.96a

4a
4a
3.98a
3.92a
3.96a
3.72ab
3.98a
3.98a
3.88ab
2.82¢
3.48b
4a
2.54c
2.84c
2.72¢
2.62¢
1.08d
1.44d
Oe
4a

4a

4a

4a

4a

392a

3.1bc

2.42de

231e

1.76f

12.19nopqr
s
11.91opqrs
11.36pqrst
11.2qrst
11.05qrst
10.66rstu
10.14stu
9.91stuv
9.11stuv
8.3%tuvw
7. Tuvw
7.68uvwx
6.4vwx
6.17wx
6.15wx
4.4wxy
3.62xy
2.53yz
1.44z
0/
19.8a

18.45ab
18.1b
17.61b
17.2b
16.96b

8.2¢

7.51c
5.83d

5.73de
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Table 1. (continued)

(aalsl) =V J s

Rh 161

Rh 197

Rh 184

Rh 162

Rh 191

Rh 105

Rh 135

Rh 238

Rh 205

Rh 134

Rh 185

Rh 179

Rh 176

Rh 244

Rh 127

Rh 182

Rh 236

Root

Seedlin

g

Root

Root

Root

Root

Root

seedlin

g

Root

Root

Root

Birjand

Dezful

Hamadan

Birjand

Karaj

Kermanshah

Lorestan

Lorestan

Hamadan

Lorestan

Hamadan

Khorasan

Khorasan

Piranshahr

Lorestan

Khorasan

Khorasan

Not
distinguis
hed
Not
distinguis
hed
Not
distinguis
hed
Not
distinguis
hed
Not
distinguis
hed
Not
distinguis
hed
Not
distinguis
hed
Not
distinguis
hed
Not
distinguis
hed
Not
distinguis
hed
Not
distinguis
hed
Not
distinguis
hed
Not
distinguis
hed
Not
distinguis
hed
Not
distinguis
hed
Not
distinguis
hed
Not
distinguis
hed

0.68c

of

0.58cd

0.58cd

of

of

0.32cdef

0.18cdef

of

of

of

of

of

of

of

of

of

YV

1.14de

0.98def

0.93efg

0.88efg

0.56gh

0.28hij

0.62fgh

0.44hi

0.1

0.38hij

0.36hij

0j

0.1ij

0j

0.16ij

0.1ij

0j

1.48f

3.32b

1.32fgh

0.98ghi

2.78cd

3.36b

1.34fgh

0.88hi

2.24e

1.4fg

0.68ijk

0.74ij

0.64ijk

0.64ijk

0.22k1

0.181

0.2kl

5.46de

5.28de

4.63def

4.19defg

4efg

3.97efg

3.38fgh

241ghi

241ghi

2.16hij

1.6ijk

0.74ijk

0.72ijk

0.64ijk

0.54jk

0.3k
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Table 1. (continued) (aslsl) V J s
Rh 233 Chenaran Not of 0j 01 Ok
- distinguis
hed
Rh 234 Chenaran Not of 0j 0l Ok
distinguis
hed
Control - - - of 0j 01 0Ok

Isolates No.

JY‘YLSJJ“);—‘”L’T°JJ—<“J—€L“‘L§LAA—.’,\"X}L§)L“:‘C‘3J—;:€‘Wﬂ)clﬂ.aww—f s

4..:.:..1' O3 L{\ﬂ)}‘\?.’&i).’id&; 4§) S u.a:r...’l.at.t 6)}4:}2.«\4" a;;l{hq\.\e-
Fig.4. Comparison of AUDPC of representative isolates of Rhizoctonia solani AG-2, AG-4 and of

unknown AG-group in inoculation on sugar beet line of 261 in in vitro test.
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Table 2. Correlation coeflicient between recording dates and area under disease progress curve cale

ulated for R. solani isolates in in vitro test

AG-2 isolates

AG4 isolates

Undetermined isolates

Terion Days after inoculation AUDPC Days afier inoculation AUDPC Days after inoculation AUDPC
55 Sl e s, A g e S s 725 el ESCUSIRETETH 7 e
3 L 7 3 5 i 3 5 7
1.00 0.688**  0.417**  (67**
0.688 1.00 0.846**  0.983%*
0.417**  0,846%* 1.00 0.919*+
1.00 0.739**  0.469**  0.929**
0.739%* 1.00 0.821**  0.932%*
0.469**  0.821** 1.00 0.726**

1.00 0.961**  0.767%*  (.97**
0.961** 1.00 0.853**  (.991++
0.767  0.853** 1.00 0.88g**

VY
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% Mortality

Control | Rh124 | Rh133 | Rh147 | Rh157
‘@%Mortality| 0 8297 | 7145 | 6545 | 3562

LB yiae 55w Sinle 03 LS o el 5l S0 amalS S e do s -0 IS
AN

Fig. 5. Percent damping-off caused by selected isolates of R. solani in inoculation on sugar beet line of

261.

3 A
= 4.5 B
: : -
g 3.5
= 3
5 2.5
g 2

1.5 :
1 5 C
04 LR
Rh124 | Rni57
‘EDisease severity 4.1 J 3.7 i 0.7 I

ross s b A8,k Wl olS e WSy come ol Dler lpolen ol —f IS
Fig.6.Disease severity of selected Rhizoctonia isolates on adult sugar beet plants of cultivar Universe

(scale 0-7).
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Aol s Glaied 05 Sbeil 53 oS AG-Ae Glas alis Jlex) Jslsles
s slied 0555 Glasl 55 a5 AG-2 o Glate 4l 5l oy ¢ (L35 baaglitr
0353 lesl 53 a5 AG-2 w Glass i Slex) ool 5 (W s sl cp Sl ke
o33 slas Ly s i S 513 bl o G (Wi g Lo 3 o Sdinss 3 (gladed
S (lacies 0303 Siabasl s3oler 50 simll 05,8 slaaglir o Scias)

LV JK2) axals 70 da.ﬂ SERTSIIpe]

Disease severity (scale0-4)

'@ Disease se\ﬂ'ty |

oo By WL oLS 50 LS sns gl byl clojles olnolen ol -V IS
L sl T2 Rh251 5 RhI66RI28. Rh124 4t [l 51 (gslas bslien Tl L )55
£l Sl 5l gslos b ylia ;T3 RhIST. RRIST < R174 ¢ RhIS6&ldr sler 5l (6 slome

Rhi21 Rh147 (Rhl44ald e 5l sslaw .la)lﬁu ‘T4 Rh170 3 Rh114 Rh133 (Rh123

Rh228

Fig.7. Disease severity of the mixed Rhizoctonia isolates on adult sugar beet plants cultivar Universe
(scale 0-7). T1: equal mixture of Rh124, Rh128, Rh166, Rh251. T2: equal mixture of Rh186,

Rh174, Rh181, Rh157. T3: equal mixture of Rh123, Rh133, Rh114, Rh170. T4: equal mixture of
Rh144, Rh147, Rh121, Rh228.
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——RN157| 0 | O | 004 008 01 |016] 03 [076 | 14 | 238
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Days

Y£Y aS, A5, e ($ Rhizoctonia solani o slaaldr (¢ lay Sl Ly dumlis —A I
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Fig.8. Comparison of disease severity trend of Rhizoctonia solani selected isolates on sugar beet line of

261 in in vitro test.
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Rhizoctonia solani «\de Sl Jolss 51 ool (oley &b 0y v 55 da.ﬂ—\” Jsd>
):g_.d_l.ou. heS JJJJk_i)\J\J‘w'*"Oj)JJaeJJ.;'))J\.E)M?:%))‘}&JQ

Q05 (g,ls gme Ml (P £0.05) U Sls 0505

Table 3. Area under disease progress curve from interaction of 4 Rhizoctonia solani isolates
with 6 sugar beet genotypes in in vitro test. Data with different letters indicating

statistical differences based on Duncans' multiple test ( p< 0.05)

Isolates Genotypes

No: 3003 3004 HMI990 3002 261  4IRT _ Mean
Rhi24 3012 3118 3027 354 3211 4384 33.82A
Rh133 1867 2118 26 2121 3049 3095 24.28B
Rh147 897  9.03 9.17 106 1342 206  11.96C
RhI57 3.6 4.57 455 6.3 5.6 1633 63D
Mean  1534A 1664A  1664A  1839B 2045C 27.93D

Rescaled Distance Cluster Combine

CASE 0 5 10 15 20
Label Num 4---meooem e e L Frmmmei

3003
HM1990
3002
261
3004
41RT

Rhizoctonia solani —ilisee glaayl o 4y Cond L3500 Sleed 55 Coaslie glad 2 4 s =4 K3
Glaied 05,5 b3l 5 AG-2 and AG4
Fig.9. Clustring of the sugar beet genotyps based on their resistance to different isolates of

Rhizoctonia solani AG-2 and AG-4 in in vitro test.
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SUL Psl praasits 5 (ALS Olulid (gl 455 3550 cilises bl Sl s Soley
slroben 03 ek o IS SE Jelse 5 e o) JL Olalidgoley 3L
Sl Sl 5 ) eyl adllas 5 GG 5 Sloy i 5l 5golen sl Slsl2 s Sl
Slroben 3 55 DU Pl aasie b Sl dtes [ ken Cilire lg) Jol
O anSs 5 anails Cenl Pl 0L e Casslie UL OT 36 s w1y b Sl
L oL an ol s (Peever er al,,2000) doas o Sl aies pl 4l Bl Cuaslia
S Sl BLS ol 4 cieslis e 4 e fes ol Sl 5 sl S slie

losaslir 55 S35 055 a5 aliolen 55 2 5ms Sonl anls 52 Oligee Soles

o o el 5 4 Jlae s lises oy pasis b . 55 O\, s R solani
Ruppel, 1972; Hecker and Ruppel, 1977;Vilgalys, 1988; Windels et al., 1995; Carling et al., )
ol oslatal aylde (63 gdme Slad 3l Ll gy ol CILe 5 Ll (2002; Ceresini er al., 2002
09,5 53 4y Ghate 4i5b 5 4ty (S e e b (Vi) wldr WYY (s ol 55 o
o303 Laseis Ll 5o ialilop 8o ol 5 55 5 ke o9 305l e
A SOl 53 B CoS b ge bl Sl bab b sdd () sl LS
il polen G 1S3 8 15 aulin 3550 (ladind 0555 el i w0 el ol les
53 SIS Ll 5 55 i 5 (555 Dl lawlir Olse 4 s 03, Sole ss slawlus
03 el ol olen Sl ) idd alie Sodes b @l olS 5 azealS > s
3o 5 AG-Alaglanr (3 Ll5gslen Ol it atels a8 sy OLAS (glald 04,3 Lol 3
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