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Abstract

In order to evaluate the effectiveness of chemical control in the management of Fusarium diseases of corn, the present
study was conducted using eight fungicides including Carboxin-Tiram (Vitavax -Tiram, 75% WP) as reference fungicide,
Difenoconazole (Dividend DS 3%), Tebuconazole (Raxil DS 2%), Azoxy-strobin + Difenoconazole (Ortiva Top SC
32.5%), Trifloxystrobin (Flint WG50%), Protioconazole + Tebuconazole (Lamardur FS40%), Fludioxonyl + Metallaxyl
M (Maxim XL FS) and Azoxystrobin + Metalaxyl M (Uniform SE 44.6 %) in three phases: laboratory, growth chamber
and field. According to the results, all fungicides used in this research showed significant performance and effectiveness
in control of Fusarium corn diseases compared to check in most of the traits evaluated, and application of them
recommended as seed treatment before planting. In laboratory, Maxim and Raxil were considered as the most effective
fungicides comparing the reference fungicide, Carboxin-Tiram. The most effective fungicides in growth chamber were
Maxim, Lamardor, Ortivatop and Dividend, each of which showed higher efficiency than the reference fungicide in one
or more traits. In field investigations in Golestan province, Maxim, Uniform and Ortivatop (with 93.9, 91.4 and 88.2% of
check, respectively), in Ardabil province Maxim and Lamardor (with 51.5 and 41.7 % of check, respectively) and in
Mazandaran province, Lamardor and Raxil (with 54.4% and 43.5% of check, respectively) were more effective compared
with the infected control and showed better efficiency than the reference fungicide in most traits.
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Table 1. Characteristics of fungicides used to control corn Fusarium diseases.

Common name

Trade name

Carboxin Thiram

Difenoconazole Dividend
Tebuconazole Raxil
Azoxystrobin+ Difenoconazole OrtivaTop
Trifloxystrobin Flint
Protioconazole+ Tebuconazole Lamardor
Fludioxonil+Metalaxil M Maxin XL
Azoxystrobin+Metalaxil M Uniform

Vitavax thiram

Formulation Dosage

WP 75% 250 g per 100 kg corn seed
FS 3% 100ml per 100 kg corn seed
DS 2% 200 g per 100 kg corn seed
SC 32.5% 100ml per 100 kg corn seed
WG 50% 20 g per 100 kg corn seed
FS 40% 15ml per 100 kg corn seed
FS 3.5% 100ml per 100 kg corn seed
SE 44.6% 100ml per 100 kg corn seed
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Figure 1. Evaluating the effectiveness of different fungicides to control corn diseases in Petri medium containing different
strains of Fusarium fungi. a and b) Seeds treated with different fungicides were placed in PDA culture medium containing

F. proliferatum (a) and F. subglutinans (b). ¢, d and e) Germination of seeds treated with fungicide Dividend (c), Maxim
(d) and Raxil and root and aerial part production in Petri dishes containing F. subglutinans (c and €) and F. verticillioides

(d).
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Table 2. Variance analysis of traits evaluated in the study of the efficacy of fungicides to control Fusarium disease of
corn caused by F. subglutinans, F. graminearum, F. proliferatum and F.m verticillioides species in Petri dishes containing
fungal culture medium.

Source of  Df MS
variations Fusarium Fusarium Fusarium Fusarium proliferatum
verticillioides subglutinans graminearum
¥a ¥h  ¥c ¥a ¥h  ¥c ¥Ya ¥b ¥c ¥a ¥h ¥c
Repeat 2 013 094 027 18 033 033 18 059 0.32 2.30 2.05 0.26
Treatment 8 1578 291 551 1328 249 351 1387 783 7.37 18.16  4.06 4.08
Error 16 251 029 126 163 077 119 174 079 054 1.56 0.39 0.48
F value ; 6.26° 9.95" 43* 322" 29" 799" 9.89" 13.67° 11.67° 10.14" 8.49"
8.16
CV (%) - 2168 16.23 3237 1837 2471 3401 2022 2208 1854 1899 1855 22.89

¥ Data transformation was done using the formula vX + 0.5 *: Significant at level of 5%; 2 Seed germination, ® Length of aerial part,
¢ Root length.
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Table 3. Mean comparison of traits evaluated in testing the effect of seed treatment with fungicides in culture media
infected with four species of Fusarium, including F. subglutinans, F. graminearum, F. proliferatum and F. verticillioides.

Fusarium subglutinans

Fusarium proliferatum

a* b c a b c
Uniform 58.33+8.33" 1367+3.48°2 9.33+2.96 58.33+8.33 2 12+2.08 2 9.33+4.00 "
Vitavax/Thirm 4167+8.33°¢ 1133+2.332 9.33+4.00 3333+8.33" 867+0.88 ° 8+1.00 "
Raxil 75+14.43 20.3346.23 2 1433+5.21 % 50+13.82° 2167+6.01 2 1267+1.45°
OrtivaTop 50+0.00 P 1743.79°2 8.33+3.33% 50+14.43" 14.67+5.17% 833+1.67°
Lamardor 4167+7.22°¢ 14.33+2.96 2 10+4.00" 4167+14.43° 12.33+3.93% 667+1.67°
Flint 66.67+8.33 12.67+2.672 1267+2.67%  50+0.00° 9.33+0.67° 7+0.00 °
Dividend 4167+8.33° 10+0.00 8.33+2.40 ¢ 66.67+8.33% 14+4.51% 13+6.00 °
Maxim 9167+8.332 19+5.03 2 3033+£9.94 2 9167+8.33? 2167+3.33? 2667+3.33 2
Control 0.00+0.00 ¢ 0+0.00° 0+0.00° 0 +0.00° 0 +0.00° 0 +0.00°

Fusarium verticillioides Fusarium graminearum

a b c a b c
Uniform 75+0.00 14.33+2.33 3¢ 16+6.00 58.33+8.33% 25+5.00 ° 20+5.00 °°
Vitavax/Thiram 3333+8.33" 7.33+1.45¢ 767+2.67% 25+0.00° 8+1.00 % 9+3.06 ¢
Raxil 58.33+16.6%° 18+3.79 11+3.79° 66.67+8.33% 2167+7.26% 19.33+2.96™
OrtivaTop 66.67+16.6%° 13.33+1.6720% 1567+7.68° 50+0.00 2 20+2.59 bed 22.67+1.45°
Lamardor 50+14.43 112,08 8 +1.00™ 58.33+16.67°°  22+6.66 ™ 15+4.62 b°
Flint 5833+8.33 % 11+3.06" 1167+3.33" 33.33+8.33™ 1067+2.33% 10.67+2.33%
Dividend 9167+8.33 2 767+0.33 11.67+1.6° 33.33+8.33™ 8+1.00 % 1167+1.67°
Maxim 9167+8.33 2 21+2.082 4167+8.33 9167+8.33 4933+5.67° 4933+3.48°
Control 0 +0.00° 0 +0.00° 0 +0.00° 0 +0.00¢ 0 +0.00° 0 +0.00°

* Mean comparison was done based on Duncan's test at the level of 5%. Means with at least one common letter have no significant
difference. 2 Seed germination (%), ® Length of aerial part (mm), ¢ Root length (mm).
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Figure 2. Evaluating the effectiveness of different fungicides in controlling Fusarium diseases of corn in the growth
chamber. a) Pots containing different fungicide treatments were randomly placed inside the growth chamber. b)
Measurement of root and aerial part length resulting from different fungicidal treatments. ¢) Germination status of
different fungicidal treatments that have been exposed to the inoculum of different Fusarium species. d) Blackened root
containing symptoms of Fusarium infection.

Fusarium slaaiss 51 o506 &8 glags o S5 jobite 4 b iSx ) B oLIS cw)p j0 (2b) 0590 Slao by 4525 . F Jeax
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Table 4. Variance analysis of traits evaluated in the study of the efficacy of fungicides to control diseases of corn caused
by Fusarium subglutinans, F. proliferatum, F. graminearum and F. verticillioides in growth chamber.

Source of Df MS
variance Fusarium subglutinans Fusarium proliferatum

a¥ b c a¥ e a b¥ c¥ a¥ e
Repeat 3 0.63 137.07 94.96 0.07 23948 47.73 7.73 0.83 0.14 245.56
Treatment 8 6.22 7500.15 480125 0.2 711.21 148424 2472 8.82 0.15 281.05
Error 24 3.78 302.19 140.79 0.08 238 308.11 541 1.23 0.09 25391
F value - 164" 2482+ 3410 * 2.39" 299 # 482 457 * 716" 178" 111m
CV (%) - 2864 19.16 2579 3018 19.34 3096 2477 19.34 2659 1885
Source of Df MS
variance Fusarium graminearum Fusarium verticilliodes

a¥ b¥ c¥ ¥ e a¥ b c d e
Repeat 3 0.73 6.7 241 0.02 50.89 0.53 597.96 240.52 0.12 132.56
Treatment 8 7.64 38.76 30.42 0.82 745.13 7.06 10769.17 8345.05 1.67 612.53
Error 24 156 5.19 3.81 0.06 13385 294 483.44 216.87 0.09 12481
F value - 49+ 746 * 798 = 14.37" 557+ 24+ 2228 3848 * 1692° 491+
CV (%) - 1737 2363 3107 2056 1377 2628 2472 3039 2418 1326

¥ Data transformation was done using the formula VX ; *: Significant at level of 5%; ns: not significant; 2 Seed germination, © Length
of aerial part, ¢ Root length, ¢ Dry weight, © Infection index.
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Table 5. Mean comparison of traits evaluated in testing the effect of seed treatment with fungicides in infected pots with
four species of Fusarium, including F. subglutinans, F. proliferatum, F. graminearum and F. verticillioides in growth
chamber.

Fusarium subglutinans

a* b c d e
Uniform 5375+12.17% 7425+6.87%0 4075+1.57° 077+0.15° 80.75+9.37%
Vitavax -Thiram 50+12.12 87.25+9.49° 22+4.59° 0.750.20° 84.75+7.28°
Raxil 57.25+17.62% 116.75+19.22° 48.75+4.69° 1.4620.42%° 765+10.82%
OrtivaTop 4275+20.73% 615+1.509 17.25+6.25¢ 0.7520.35° 835+11.00%
Lamardor 4275+11.64% 137+9.00 2° 755+15.12° 1.28+0.54% 785+9.00°
Flint 3225 +7.25° 54:+4.06° 18+1.66 065+0.15" 935+2.60°
Dividend 64.25+10.83% 121.75+3.94° 68.75+3.72° 1.29+0.222° 755+7.41%
Maxim 82.25+3.35 2 1475+3.752 114+4.452 1.90:0.042 495+3.71°
Control 252543 87D 165+1.66° 9+1.78¢ 0.4620.05° 955+0.87°

Fusarium proliferatum

a b c d e
Uniform 4625412 17%C 74%19.05% 32+8.23™ 1.09+0.09% 85.75+6.98%
Vitavax -Thiram 53516.70° 100.5+12.37%° 31.75+3.59%° 202+0.42°2 90+3.29°
Raxil 465+3.50°° 875+9.35% 49.75+2.63% 162+0.35% 87.25+2.93%
OrtivaTop 715+8.37%° 1495+29.54%° 505+13.02% 1.33+0.17%° 72.7548.23%
Lamardor 7125+10.14% 159 +54.45° 4225+9.03? 2+0.62%° 7075+16.17°
Flint 67.75£6.92%° 103.75£20.35% 4425+11.51% 094+0.24%° 87+4.88°
Dividend 4625+12.17" 75+25.14° 17.75+1.25° 081+0.28" 89.25+3.07°
Maxim 8575+5.92% 116+34.73 % 47+00.00° 1.19+0.56%° 8125+11.77%
Control 215+4.33° 16545.11 ¢ 6.75+0.25° 093+0.31% 97+00.002

Fusarium graminearum

a C d e
Uniform 35.75 9,23 535+20.68 ¢ 12.25+6.09 % 043+0.131 94+00.002
Vitavax -Thiram 60.56.70 3¢ 101.75+12.63 35.25:+6.43°° 113+0.21 ¢ 92.75+1.75%
Raxil 67.75£12.17 129.75+20.042° 605+16.92° 2.19+0.38%° 785+9.822
OrtivaTop 535+3.50 ¢ 1195+22.46%° 58.25:+9.44° 1.87+0.20%° 815+5.422
Lamardor 535+3.50 ¢ 125+23.78 @° 605+17.09° 2.34+0.38% 77.75+8.232
Flint 5025 +13.62"¢ 70.25+25.45 19.75+6.87°% 043+0.13¢ 94.75+1.44%
Dividend 57.25+11.64 ¢ 1375+38.36 & 595+21.62°¢ 3.12+0.62% 89+4.24%
Maxim 895+3.50 2 2015+28.57 129.75+20.75° 242+0.38%° 52.75+7.73"
Control 215+4.334 1275+3.71 9 5+0.91° 0.33+0.03¢ 95+2.00°

Fusarium verticilliodes

a b [ d e
Uniform 252543 350¢ 34+4.64™ 19.75+3.25% 051+0.16°" 895+0.50°
Vitavax -Thiram 53.75+13.08%C 84.25+19.10% 415+9.84% 1.39+0.15%¢ 87.7546.16%
Raxil 57.25+12.96% 144.25+20.64%° 68.25+9.65° 143+0.08 82.7546.69%
OrtivaTop 465+16.992°° 102.75+3.75% 4175+12.33% 150+0.24°¢ 885+6.13%
Lamardor 46.25+10.57% 1255+23.38"¢ 52+4,00°° 1.90+0.00° 81.25+9.53%
Flint 39.25£9.04" 535+3.50°" 1575+2.36% 13020.10% 9245.00°
Dividend 4275£11.64° 79.25+3.09% 335£7.64%% 091:0.06% 8615.97°
Maxim 82.25+3.75% 167.7546.92% 1185+7.76° 2.42+0.30° 53.75+3.30°
Control 215+4.33¢ 9.25+1.659 475+1.03 0.36+0.10" 97+00.002

* Mean comparison was done based on Duncan's test at the level of 5%. Means with at least one common letter have no significant
difference. 2 Seed germination (%), ® Length of aerial part (mm), ¢ Root length (mm), ¢ Dry weight (g), ¢ Infection index (%)
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Table 6. Combined variance analysis of evaluated traits in the study of the efficacy of fungicides to control corn Fusarium
disease in three regions including Mazandaran, Golestan and Ardabil provinces.

Source of variance Df MS

a b c d e
Repeat 2 168.67 5.88 2398.33 15051.55 6769385.83
Treatment (Place) 6  10.97 0.14 9.89 307.19 1426465.72
Treatment 9 50.29 1.50 571.24 1395.05 4787277.39
Treatment * Place 18 16.86 1.21 220.05 711.14 2161646.58
Error 54  6.99 0.41 86.18 127.46 409160.9
F value ( Treatment * Place) - 241" 2.97" 11.67" 5. 58" 5.28"
CV (%) - 671 4.34 27.33 3.93 10.63

*: Significant at level of 5% ; 2 Number of seeds per row per ear; ® Number of rows per ear; ¢ Mean disease; ¢ One thousand seed weight

¢ Yield
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Figure 3. Evaluating the efficacy of fungicides to control Fusarium corn diseases in the experimental farm of Shahid

Rouhani Education Center in Golestan province. a) A seedling infected with the disease next to two healthy seedlings. b)
The general state of the field at the 6-leaf stage. ¢) The state of the field at the adult plant stage.
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Table 7. Variance analysis of traits evaluated in the study of the efficacy of fungicides to control Fusarium corn diseases

in Mazandaran, golestan and Ardabil provinces.

Source of variance Df MS (Mazandaran)

a b c d e
Repeat 2 15.63 0.05 14 44333 4022936.03
Treatment 9 23.78 049 14206 703.7 6601419.91
Error 18 12.17 026 4269 12481 829387.23
F value - 195¢ 188 3.33* 564* 7.96*
CV (%) 934 354 254 424 1611
Source of variance Df MS (Golestan)

a b c d e
Repeat 623 023 1146 9549 15735249
Treatment 3177 104 86123 1830.05 167235412
Error 23 008 577 183.16 26724249
F value 1381 1222+ 14938 999+ 6.26*
CV (%) 361 191 1753 464 858
Source of variance Df MS (Ardabil)

a b c d e
Repeat 0311 130 24 74382 63.99108
Treatment 46.28 392 048 58.283 52836796
Error 516 870 118 4174 08.130853
F value 374" 732" 990" 813" 396"
CV (%) 576 466 5234 812 525

*: Significant at level of 5%; @ Number of seeds per row per ear; ® Number of rows per ear; ¢ Mean disease; ¢ One thousand seed weight ¢ Yield
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Table 8. Mean comparison of traits evaluated in the study of the efficacy of fungicides to control Fusarium corn diseases
in Golestan, Mazandaran and Ardabil provinces.

Mazandaran

a* b c d e
Uniform 37.8+1.22%¢ 1407+0.37%%¢ 23.01+7.14°¢ 266.67+6.67%° 5034.3+361.78°%¢
Vitavax -Thiram 4007+1.12% 1453+0.13%°¢ 2861+2.47%C 27333+3.33% 74406+627.95
Raxil 37.93+0.29%° 14.23+0.50%%° 2251+1.26" 28333+8.82° 47453+1070.56%
OrtivaTop 3967+1.67% 1493+0.35% 25.17+6.20°% 24667+6.67° 6015.3+678.70%C
Lamardor 36.4+1.292%¢ 15+0.20° 18.19+3.06% 266.67+3.33%C 6912+595.90%
Flint 32.1+4.65° 14+0.23" 3258+1.72% 266.67+6.672C 39154+464.619
Dividend 36.33:+0.582° 14.4+0.23%° 2513+2.67° 27045.77%¢ 5018.9+422.52°¢¢
Maxim 3867+1.272¢ 1453+0.13%° 26.19+0.36° 256.67+14.53 6976 4+727.75%
Control 1 33.55+2.65% 1397+0.26° 39.86+2.19 2 230+0.00¢ 3214.7+292.45%
Control 2 4087+1.94% 15+0.20% 1594+3.36¢ 27333+6.67% 72552+576.69°

Golestan

a b c d e
Uniform 34.31+0.50¢ 16+0.00? 514+0.33¢" 290.13+13.18"° 5566.1+569.47°%
Vitavax -Thiram 44.09+0.04%° 15+0.00° 17.33+0.50° 261.8+0.98 % 5164+128.74%
Raxil 4378+1.89%° 15+0.00° 12.38+0.50° 2771+7.41% 5248.7+402.12%
OrtivaTop 4338+1.50%° 1567+0.33% 7.05+3.94% 330.33+1.86° 7068.8+201.89%
Lamardor 4185+0.92° 15.33+0.33%° 11.24+0.83% 29523+4.09 5629.6+265.18°%
Flint 4284+0.76%° 15+0.00° 7.62+0.69% 290.7+11.94% 6031.7+109.97°%¢
Dividend 4362+0.79% 15+0.00° 11.43+0.33% 289+12.98" 57355+455.40%
Maxim 4514+0.29% 15.33+0.33%° 3.62+0.76°" 31053+2.47% 6412.7+96.99%°
Control 1 38.36+0.58° 14+0.00¢ 60+1.75% 25167+3.47 ¢ 47196+76.31°
Control 2 4254+0.52% 16+0.00° 1.14+0.33f 32187+1.50° 68148+76.31%

Ardabil

a b c d e
Uniform 39.67+2.40 2° 14.67+0.67 2° 9.03+1.28 2 30593+2.45 ¢ 67657+475.21 2
Vitavax -Thiram 4333+0.33 2 15.33+0.67 2° 8.78+3.40 % 31033+4.33 67253+170.54
Raxil 36.67+0.67 °° 1467+0.67 3¢ 761+1.89 % 300.97+5.20 *° 7216+158.01 2
OrtivaTop 38.67+1.20 2 13.33+0.67 © 9.18+1.60 2 29957+6.44 ° 5957.7+97.43
Lamardor 38.67+1.45 ¢ 16+0.00 6.94+0.69 2 3109+5.87 ® 6505.3+95.36 °°
Flint 37.67+0.88 P 14+0.00 o 792+0.51 % 30303+9.51 3¢ 66113+195.54 2°
Dividend 36+0.58 ¢ 14+0.00 *° 759+1.94 2 31497+3.10 ® 6128.7+29.76 °*d
Maxim 4133+1.20 1533+0.67 2 577+1.31° 3191 +2.05% 7286.7+157.05 2
Control 1 3367+2.33 ¢ 14+0.00 o 119+0.322 289.33+5.36 © 5610+162.11 ¢
Control 2 43+2.31° 1333+0.67 ¢ 7.75+0.28 2 321.02+9.49 6721+192.54 %

* Mean comparison was done based on Duncan's test at the level of 5%. Means with at least one common letter have no significant
difference. Control 1: untreated infected seed; Control 2: untreated uninfected seed; 2 Number of seeds per row per ear; ® Number of
rows per ear; ¢ Mean disease (%); ¢ One thousand seed weight (g)¢ Yield (kg/h).
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