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Abstract
Potato black scurf and rhizoctonia canker caused by Rhizoctonia solani is one of the most common diseases in all potato
growing areas of Iran. Due to the importance of seed disinfection in the control of this disease, in this study, the effect of
seed disinfection with fungicides Iprodione carbendazim WP52.5%, Thiabendazole WP60%, Thiophanate methyl
WP70%, Carboxin thiram FL40%, Carboxin thiram WP75%, PencycuronWP25%, Fludioxonil FS2.5%, Mancozeb
WP80% and Carbendazim WP50-60% in the laboratory and greenhouse was investigated. Iprodione carbendazim with
concentration of 2.5/1000 with 71.5% had the highest of percentage inhibition on germination of sclerotia and with a
concentration of 20 ppm and 77.5%, inhibited the growth of fungal mycelium on potato dextrose agar (PDA) medium. In
greenhouse, the plants from seed treatment with Iprodione carbendazim, Thiabendazole and Carboxin thiram FL40%
each with a concentration of 2.5/1000 had the highest daughter tubers production with about 260-270 g. This treatments
without any canker on underground stem and zero percent of infected plant were the most effective treatments and there
was no significant difference between them. In the study of the number of sclerotia on the surface of the tuber, Iprodione
carbendazim, Thiabendazole and Carboxin thiramWP75% each with a concentration of 2.5/1000 with an average of three
sclerotia had the greatest effect on reducing the number of sclerotia on the daughter tubers. In general, according to the
results, all studied fungicides had a positive effect on disease control and yield increase but Iprodione carbendazim with
a concentration of 2.5/1000 was the most effective fungicide for controlling potato rhizoctonia canker.
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Table 1. Concentrations of chemical compounds used for potato seed treatment.

Chemical materials

Kg(lit)/1000 kg seed

Carbendazim WP50-60%
Carboxin thiram FL40%
Carboxin thiram WP75%
Fludioxonil FS2.5%

Iprodione carbendazim WP 52.5%
Mancozeb WP80%

Pencycuron WP25%
Thiabendazole WP60%
Thiophanate-methyl WP70%

15,2,25
1,2,25
1,2,25

0.4,06,1

15,2,25

15,2,25

1.25,15,2

15,2,25

15,2,25
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Rhizoctonia solani

Table 2. Variance analysis of inhibition percentage of fungicides used for potato seed treatment on Rhizoctonia solani

sclerotia germination.

Variation resource df SS MS F Value
Treatment 27 5.11 0.18 57.15
Error 84 0.27 0.003 -
Coefficient of variation (CV) 13.19%
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Table 3. Comparison of average effect of fungicides used for potato seed treatment on Rhizoctonia solani sclerotia
germination.
No. Treatments Inhibition of sclerotia germination (%)
1 Carbendazim WP50-60% (1.5/1000) 16.75m
2 Carbendazim WP50-60% (2/1000) 19 Im
3 Carbendazim WP50-60% (2.5/1000) 23.5 klm
4 Carboxin thiram FL40% (1/1000) 35 hi
5 Carboxin thiram FL40% (2/1000) 47.25 ef
6 Carboxin thiram FL40% (2.5/1000) 67.25ab
7 Carboxin thiram WP75% (1/1000) 39.25 gh
8 Carboxin thiram WP75% (2/1000) 52.25 de
9 Carboxin thiram WP75% (2.5/1000) 68 ab
10 Fludioxonil FS2.5% (0.4/1000) 22.25 klm
11 Fludioxonil FS2.5% (0.6/1000) 26.25 jkI
12 Fludioxonil FS2.5% (1/1000) 27.375 ijkl
1 Carbendazim WP50-60% (1.5/1000) 16.75m
2 Carbendazim WP50-60% (2/1000) 19 Im
3 Carbendazim WP50-60% (2.5/1000) 23.5kim
4 Carboxin thiram FL40% (1/1000) 35 hi
5 Carboxin thiram FL40% (2/1000) 47.25 ef
6 Carboxin thiram FL40% (2.5/1000) 67.25ab
7 Carboxin thiram WP75% (1/1000) 39.25 gh
8 Carboxin thiram WP75% (2/1000) 52.25 de
9 Carboxin thiram WP75% (2.5/1000) 68 ab
10 Fludioxonil FS2.5% (0.4/1000) 22.25 klm

J Appl Res Plant Prot

$




OFe V) YW-AT (F) WY Sl olS 0 (g0, sl oy A%
Y Uy aslol
Con. Table 3.
No. Treatments Inhibition of sclerotia germination (%o)
11 Fludioxonil FS2.5% (0.6/1000) 26.25 jki
12 Fludioxonil FS2.5% (1/1000) 27.375 ijkl
13 Iprodione carbendazim WP 52.5% (1.5/1000) 56.375 cd
14 Iprodione carbendazim WP 52.5% (2/1000) 63.75 bc
15 Iprodione carbendazim WP 52.5% (2.5/1000) 715a
16 Mancozeb WP80% (1.5/1000) 18.751Im
17 Mancozeb WP80% (2/1000) 23.25 klm
18 Mancozeb WP80% (2.5/1000) 30.875 ijkm
19 Pencycuron WP25% (1.25/1000) 30.75 hijk
20 Pencycuron WP25% (1.5/1000) 34.125 hij
21 Pencycuron WP25% (2/1000) 39 gh
22 Thiabendazole WP60% (1.5/1000) 56.625 cd
23 Thiabendazole WP60% (2/1000) 62.875 bc
24 Thiabendazole WP60% (2.5/1000) 69.5 ab
25 Thiophanate-methyl WP70% (1.5/1000) 445 of
26 Thiophanate-methyl WP70% (2/1000) 51.25 def
27 Thiophanate-methyl WP70% (2.5/1000) 57.875 cd
28 Control On

*Treatments with different letters have significant differences with each other in Duncan test (P < 0.05).
**Each number is an average of four replications.
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Table 4. Variance analysis of inhibition percentage of fungicides used for potato seed treatment on Rhizoctonisolani

mycelial growth.

Variation resource df SS MS F Value
Treatment 27 7.46 0.27 134.07
Error 84 0.17 0.002 -
Coefficient of variation (CV) 14.69%

J Appl Res Plant Prot

;ARPP




VA sl LIl ()b oud gdeds I Db /sy uiSul 000l ye

Rhizoctonia solani z )58 pgdus oy 59, » bjles Sa)loil as o (Kl anslin & Jeua
Table 5. Comparison of percentage inhibition mean of treatments on mycelial growth of Rhizoctonia solani.

No. Treatments Inhibition of mycelial growth (%)
1 Carbendazim WP50-60% (5 ppm) 5.45 nopq
2 Carbendazim WP50-60% (15 ppm) 8.15 Imnop
3 Carbendazim WP50-60% (30 ppm) 17.75ijk
4 Carboxin thiram FL40% (5 ppm) 12.65 kimn
5 Carboxin thiram FL40% (15 ppm) 41.25f
6 Carboxin thiram FL40% (20 ppm) 62.25 cd
7 Carboxin thiram WP75% (5 ppm) 14.75 jkI
8 Carboxin thiram WP75% (15 ppm) 39.75 ¢f
9 Carboxin thiram WP75% (20 ppm) 61 d
10 Fludioxonil FS2.5% (5 ppm) 4.9 opq
11 Fludioxonil FS2.5% (15 ppm) 7 mnopq
12 Fludioxonil FS2.5% (30 ppm) 16 jk
13 Iprodione carbendazim WP 52.5% (10 ppm) 4175 f
14 Iprodione carbendazim WP 52.5% (15 ppm) 67 bc
15 Iprodione carbendazim WP 52.5% (20 ppm) 775a
16 Mancozeb WP80% (5 ppm) 2.3pq
17 Mancozeb WP80% (15 ppm) 6.5 mnopq
18 Mancozeb WP80% (30 ppm) 13.25 kim
19 Pencycuron WP25% (2 ppm) 17.5ijk
20 Pencycuron WP25% (5 ppm) 23.251i
21 Pencycuron WP25% (10 ppm) 35gh
22 Thiabendazole WP60% (2 ppm) 20.5ij
23 Thiabendazole WP60% (5 ppm) 535e
24 Thiabendazole WP60% (10 ppm) 69 b
25 Thiophanate-methyl WP70% (10 ppm) 10.75 kimno
26 Thiophanate-methyl WP70% (15 ppm) 29.75h
27 Thiophanate-methyl WP70% (20 ppm) 59d
28 Control 0q

*Treatments with different letters have significant differences with each other in Duncan test (P < 0.05).

**Each number is an average of four replications.
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Table 6. Variance analysis of daughter tubers weight from treated plants.
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Variation resource df MS F Value
Treatment 27 0.024 38.12
Error 84 0.00006 -
Coefficient of variation (CV) 1.07%

Table 7. Comparison of average daughter tubers weight from treated plants (gram).

2 ool o Jlow LS 5l Lols 5,555 slaool ()9 eSilos anslin Y Jguo

No. Treatments Daughter tubers weight (gr)
1 Carbendazim WP50-60% (1.5/1000) 162.18 i

2 Carbendazim WP50-60% (2/1000) 162.18 i

3 Carbendazim WP50-60% (2.5/1000) 185.35 h
4 Carboxin thiram FL40% (1/1000) 219.28 cdef
5 Carboxin thiram FL40% (2/1000) 237.16 bc
6 Carboxin thiram FL40% (2.5/1000) 271.64 a

7 Carboxin thiram WP75% (1/1000) 231.2 bcde
8 Carboxin thiram WP75% (2/1000) 245 Db

9 Carboxin thiram WP75% (2.5/1000) 278 a

10 Fludioxonil FS2.5% (0.4/1000) 193.19 h
11 Fludioxonil FS2.5% (0.6/1000) 201 fgh
12 Fludioxonil FS2.5% (1/1000) 214.78 defg
13 Iprodione carbendazim WP 52.5% (1.5/1000) 234.42 bed
14 Iprodione carbendazim WP 52.5% (2/1000) 249.46 b
15 Iprodione carbendazim WP 52.5% (2.5/1000) 272.27 a
16 Mancozeb WP80% (1.5/1000) 198.6 gh
17 Mancozeb WP80% (2/1000) 201.83 fgh
18 Mancozeb WP80% (2.5/1000) 214.28 defg
19 Pencycuron WP25% (1.25/1000) 213.8 defg
20 Pencycuron WP25% (1.5/1000) 211.35 efg
21 Pencycuron WP25% (2/1000) 228.56 bcde
22 Thiabendazole WP60% (1.5/1000) 242.1b
23 Thiabendazole WP60% (2/1000) 247.74 b
24 Thiabendazole WP60% (2.5/1000) 279.25 a
25 Thiophanate-methyl WP70% (1.5/1000) 226.98 bede
26 Thiophanate-methyl WP70% (2/1000) 236.59 bc
27 Thiophanate-methyl WP70% (2.5/1000) 243.78 b
28 Control 124.16 j

*Treatments with different letters have significant differences with each other in Duncan test (P < 0.05).

**Each number is an average weight of all daughter tubers related to each treatment with four replications.
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Table 8. Variance analysis of the number of Rhizoctonia solani sclerotia on the surface of tuber.

Variation resource Df SS MS F Value
Treatment 27 4.85 0.17 43.21
Error 84 0.34 0.004 -
Coefficient of variation (CV) 7.36%
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Table 9. Comparison of average number of Rhizoctonia solani sclerotia on the surface of tuber.

No. Treatments Number of sclerotia
1 Carbendazim WP50-60% (1.5/1000) 1431 ab
2 Carbendazim WP50-60% (2/1000) 13.28 bc
3 Carbendazim WP50-60% (2.5/1000) 10.9 cde
4 Carboxin thiram FL40% (1/1000) 9.65 defg
5 Carboxin thiram FL40% (2/1000) 6.68 jk
6 Carboxin thiram FL40% (2.5/1000) 3.78m
7 Carboxin thiram WP75% (1/1000) 7.62 hij
8 Carboxin thiram WP75% (2/1000) 5.78 kI
9 Carboxin thiram WP75% (2.5/1000) 3.06n
10 Fludioxonil FS2.5% (0.4/1000) 12.15 bed
11 Fludioxonil FS2.5% (0.6/1000) 11 cde
12 Fludioxonil FS2.5% (1/1000) 10.81 cde
13 Iprodione carbendazim WP 52.5% (1.5/1000) 7.68 ghij
14 Iprodione carbendazim WP 52.5% (2/1000) 5.65 kI
15 Iprodione carbendazim WP 52.5% (2.5/1000) 3.1mn
16 Mancozeb WP80% (1.5/1000) 11.75 bede
17 Mancozeb WP80% (2/1000) 10.78 cde
18 Mancozeb WP80% (2.5/1000) 9.43 efgh
19 Pencycuron WP25% (1.25/1000) 10.18 def
20 Pencycuron WP25% (1.5/1000) 9.25 efghi
21 Pencycuron WP25% (2/1000) 8.375 fghij
22 Thiabendazole WP60% (1.5/1000) 7.28 ij
23 Thiabendazole WP60% (2/1000) 5.28 kI
24 Thiabendazole WP60% (2.5/1000) 2.62n
25 Thiophanate-methyl WP70% (1.5/1000) 7.59 ghij
26 Thiophanate-methyl WP70% (2/1000) 5.84 ki
27 Thiophanate-methyl WP70% (2.5/1000) 4751
28 Control 17.31a

*Treatments with different letters have significant differences with each other in Duncan test (P < 0.05).
**Each number is an average number of sclerotia of all daughter tubers related to each treatment with four replications.
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Table 10. Variance analysis of severity of stem canker from Rhizoctonia solani in treated plants.

Variation resource df SS MS F Value
Treatment 27 15.76 0.58 5.98
Error 84 8.20 0.09 -

Coefficient of variation (CV)

82.14%
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Table 11. Comparison of the mean severity of stem canker from Rhizoctonia solani in treated plants.

No. Treatments Stem canker severity
1 Carbendazim WP50-60% (1.5/1000) 15.1ab
2 Carbendazim WP50-60% (2/1000) 13.86 abc
3 Carbendazim WP50-60% (2.5/1000) 5.1 bcde
4 Carboxin thiram FL40% (1/1000) 2.6 defg
5 Carboxin thiram FL40% (2/1000) 111¢
6 Carboxin thiram FL40% (2.5/1000) 1g
7 Carboxin thiram WP75% (1/1000) 1.46 fg
8 Carboxin thiram WP75% (2/1000) 1lg
9 Carboxin thiram WP75% (2.5/1000) 111¢g
10 Fludioxonil FS2.5% (0.4/1000) 5.03 bede
11 Fludioxonil FS2.5% (0.6/1000) 2.93 defg
12 Fludioxonil FS2.5% (1/1000) 4.5 cdef
13 Iprodione carbendazim WP 52.5% (1.5/1000) 1.4fg
14 Iprodione carbendazim WP 52.5% (2/1000) 12¢g
15 Iprodione carbendazim WP 52.5% (2.5/1000) 1g
16 Mancozeb WP80% (1.5/1000) 5.5 bed
17 Mancozeb WP80% (2/1000) 3.14 defg
18 Mancozeb WP80% (2.5/1000) 3.4 defg
19 Pencycuron WP25% (1.25/1000) 2.76 defg
20 Pencycuron WP25% (1.5/1000) 2.61 defg
21 Pencycuron WP25% (2/1000) 1.77 defg
22 Thiabendazole WP60% (1.5/1000) 1.4fg
23 Thiabendazole WP60% (2/1000) 1.05¢g
24 Thiabendazole WP60% (2.5/1000) lg
25 Thiophanate-methyl WP70% (1.5/1000) 1.6 efg
26 Thiophanate-methyl WP70% (2/1000) 1.67 defg
27 Thiophanate-methyl WP70% (2.5/1000) 1.15¢
28 Control 21.57a

*Treatments with different letters have significant differences with each other in Duncan test (P < 0.05).

** Each number is an average of four replications.
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Table 12. Comparison of mean percentage of infected plants which disinfected with treatments.

No. Treatments Infected plants (%0)

1 Carbendazim WP50-60% (1.5/1000) 75b

2 Carbendazim WP50-60% (2/1000) 75b

3 Carbendazim WP50-60% (2.5/1000) 56 bc
4 Carboxin thiram FL40% (1/1000) 25 cdef
5 Carboxin thiram FL40% (2/1000) 12.5 def
6 Carboxin thiram FL40% (2.5/1000) of

7 Carboxin thiram WP75% (1/1000) 25 cdef

8 Carboxin thiram WP75% (2/1000) 6.25 ef

9 Carboxin thiram WP75% (2.5/1000) 12.5 def
10 Fludioxonil FS2.5% (0.4/1000) 45 cd
11 Fludioxonil FS2.5% (0.6/1000) 27 cdef
12 Fludioxonil FS2.5% (1/1000) 44 cd
13 Iprodione carbendazim WP 52.5% (1.5/1000) 25 cdef
14 Iprodione carbendazim WP 52.5% (2/1000) 12.5 def
15 Iprodione carbendazim WP 52.5% (2.5/1000) of
16 Mancozeb WP80% (1.5/1000) 39 cde
17 Mancozeb WP80% (2/1000) 25 cdef
18 Mancozeb WP80% (2.5/1000) 39 cde
19 Pencycuron WP25% (1.25/1000) 44 cd
20 Pencycuron WP25% (1.5/1000) 25 cdef
21 Pencycuron WP25% (2/1000) 19 def
22 Thiabendazole WP60% (1.5/1000) 19 def
23 Thiabendazole WP60% (2/1000) 6.25 ef
24 Thiabendazole WP60% (2.5/1000) of
25 Thiophanate-methyl WP70% (1.5/1000) 31 cdef
26 Thiophanate-methyl WP70% (2/1000) 27 cdef
27 Thiophanate-methyl WP70% (2.5/1000) 21 def
28 Control 98 a

*Treatments with different letters have significant differences with each other in Duncan test (P < 0.05).

** Each number is an average of four replications.
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Table 13. Variance analysis of percentage of infected plants which disinfected with treatments.

Variation resource SS MS F Value
Treatment 9.89 0.36 7.23
Error 4.25 0.05 -

Coefficient of variation (CV)

68.94%
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