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Table 1. The mean comparison of mycelium growth of Magnaporthe oryzae by the studied endophytic fungi
in the dual culture method

Growth Gen Bank Growth Gen Bank
Treatment Accession Treatment rate Accession
rate (mm)
number (mm) number

control 78.000 a F. solani 36.70bc  ON113891

Fusarium fujikuroi 35.60 cd ON113889 F. verticillioides 36.64 ¢ ON246171

F. chlamydosporum 37.85bc  ONO032307 '\éfgngli;a 3555cd  ON246204

F. proliferatum 35.66 ¢ ON113888 N. oryzae 37.04bc  ON246205
F. incarnatum 32.26d ON113890 Alternaria alternata  35.31 cd -

Sarocladium . .
40.14 b ON113886 Epicoccum nigrum 36.39¢c ON113887

bactrocephalum
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Fig. 1. Inhibition percentage of Magnaporthe oryzae growth by endophytic fungi in dual culture experiment.
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Fig. 2. Inhibition percentage of Fusarium fujikuroi growth by endophytic fungi in dual culture experiment.
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Fig. 3. Inhibition of Fusarium fujikuroi growth by Fusarium incarnatum in dual culture experiment.

\Lﬁé)-\;‘ LSL“GJG 41._:.0'} a“ Fusarium fUJIkur0I Cj dj}b j.l:.«uﬁx J.ALG GJG @M .L&) g}.“ial?‘ 4...,.’{&5 —Ydj-\;—

Jgubw‘})))éwkhﬂ:)}ﬁ

Table 2. The mean comparison of mycelium growth of Fusarium fujikuroi by the studied endophytic fungi in

the dual culture method

Treatment Growth rate Treatment Growth rate (mm)
(mm)

control 79.000 a F. solani 36.333 cdef

Fusarium fujikuroi 37.000 cdef F. verticillioides 34.111 def

F. chlamydosporum 43.109 bc Nigrospora sphaerica 39.000bcde
F. proliferatum 41.000 bed N. oryzae 33.333 ef
F. incarnatum 31.556 f Alternaria alternata 33.556 ef
Sarocladium bactrocephalum 40.33 bede Epicoccum nigrum 42.333 bc
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Fig. 4. Inhibition percentage of Fusarium fujikuroi growth by endophytic fungi in volatile metabolites method.
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Fig. 5. Inhibition of Fusarium fujikuroi growth by Epicoccum nigrum in volatile metabolites method.
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Table 3. The mean comparison of mycelium growth of Fusarium fujikuroi by the studied

endophytic fungi in volatile metabolites method.

Growth rate

Growth rate

Treatment Treatment
(mm) (mm)

control 74.333 a F. solani 43.65 bc

Fusarium fujikuroi 40.55 cde F. verticillioides 38.28 ef

F. chlamydosporum 39.37 de Nigrospora sphaerica 44.65b
F. proliferatum 39.86 de N. oryzae 42.64 bed
F. incarnatum 35.500 fg Alternaria alternata 40.02 cde
Sarocladium bactrocephalum 38.002 ef Epicoccum nigrum 31.865¢
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Fig. 6. Inhibition percentage of Magnaporthe oryzae growth by endophytic fungi in volatile metabolites method.
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Table 4. The mean comparison of mycelium growth of Magnaporthe oryzae by the studied endophytic fungi

in volatile metabolites method.

Treatment Growth rate Treatment Growth rate
(mm) (mm)
control 78 a F. solani 54.667 b
Fusarium fujikuroi 51.889 cd F. verticillioides 50.667 de
F. chlamydosporum 54 bc Nigrospora sphaerica 54 bc54.333 b
F. proliferatum 50.333 de N. oryzae 53.333 bc
F. incarnatum 48.333 e Alternaria alternata 54 be
Sarocladium 52.667 bed Epicoccum nigrum 49.222 e

bactrocephalum
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Fig. 7. Inhibition percentage of Fusarium fujikuroi growth by endophytic fungi in non—volatile metabolites
method.
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Table 5. The mean comparison of mycelium growth of Fusarium fujikuroi by the studied endophytic fungi in
non-volatile metabolites method.

Treatment Growth rate (mm) Treatment Growth rate (mm)
control 75.667 a F. solani 37.889 bed
Fusarium fujikuroi 35.889 cd F. verticillioides 33.889 de
F. chlamydosporum 39.000 bc Nigrospora sphaerica 38.556 bc
F. proliferatum 27.222 fg N. oryzae 40.333 b
F. incarnatum 23.889¢ Alternaria alternata 37.889 bed
Sarocladium bactrocephalum 30.444 ef Epicoccum nigrum 25.111¢
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Fig. 8. Inhibition percentage of Magnaporthe oryzae growth by endophytic fungi in non-volatile metabolites
method.
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Table 6. The mean comparison of mycelium growth of Magnaporthe oryzae by the studied endophytic fungi
in non—volatile metabolites method.

Treatment Growth rate (mm) Treatment Growth rate (mm)
control 77.63 a F. solani 45.56 bc
Fusarium fujikuroi 40.43 de F. verticillioides 43.45 bed
F. chlamydosporum 41.66 cde Nigrospora sphaerica 45.68 bc
F. proliferatum 32.63 gh N. oryzae 45.23 be
F. incarnatum 29.28 h Alternaria alternata 46.57b
Sarocladium 35.30 fg Epicoccum nigrum 38.98 ef

bactrocephalum
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Fig. 9. Inhibition percentage of Magnaporthe oryzae by endophytic fungi under greenhouse conditions
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Table 7. Effect of fungal endophytes on rice blast severity under greenhouse conditions

Treatment Disease Severity (%) Treatment Disease Severity (%)
control 14.650 a
F. proliferatum 3.782¢c F. verticillioides 9.815h
F. incarnatum 3.572¢c N. oryzae 2.325¢
Sarocladium 12975 a Epicoccum nigrum 9.222h

bactrocephalum
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Fig. 10. Inhibition of Magnaporthe oryzae by endophytic fungi under greenhouse conditions: A) Inoculated
control, B) Inoculated with Sarocladium bactrocephalum, C) Inoculated with Nigrospora oryzae, D) Non-
inoculated control.
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Table 8. Effect of fungal endophytes on Fusarium fujikuroi severity under greenhouse conditions

Treatment

Disease Severity (%)

Treatment Disease Severity (%)

control 6.53 a

F. proliferatum 147e
F. incarnatum 1.79e
Sarocladium 6.21 ab

bactrocephalum

F. verticillioides 341d
N. oryzae 575b
Epicoccum nigrum 445¢
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Fig. 11. Inhibition percentage of Fusarium fujikuroi by endophytic fungi under greenhouse conditions
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Table 9- Effect of endophytic fungi on seedling height, Fresh weight without root and root wet weight under

greenhouse conditions

Treatment Seedling height (cm)  Fresh weight without root  Root wet weight (g)
()

control 34.46 ¢ 11.99e 191c

Fusarium proliferatum 49.63 a 17.11a 2.6la

F. incarnatum 43.88b 15.60 b 2.40 ab

Sarocladium 35.67 ¢ 12.16¢e 2.09 bc
bactrocephalum

F. verticillioides 41.74 cd 13.69d 2.26b

N. oryzae 42.72 be 15.87b 2.33ab

Epicoccum nigrum 40.74d 1444 c 2.22 bc
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Fig.12. Comparison of plant height and root volume: A&C) Control, B&D) Inoculated with Fusarium

proliferatum.
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Abstract

Rice is most important grains consumed by the people of the world. Blast disease and crown and root rot are two
important fungal diseases of rice. Endophytic fungi are biological control agents plant diseases and improve
growth in the host plant. For this purpose, endophytic fungal isolates and pathogenic isolates from leaves, pods,
stems and roots of aerobic rice plants of Golestan province were isolated and identified morphologically and
molecularly. Then, their antagonistic activity against Magnaporthe oryzae and Fusarium fujikuroi disease were
investigated by three methods, dual culture, volatile metabolites and non—volatile metabolites. The results
showed that, in dual culture method, the F. incarnatum had the highest inhibition rate against the growth of M.
oryzae and F. fujikuroi, with 58.64 and 60.03% inhibition, respectively. In volatile metabolites method, E.
nigrum with 57.13% and F. incarnatum with 52.24% inhibition showed the highest percentage of inhibition of F.
fujikuroi. In the method of non-volatile metabolites, F. incarnatum and F. proliferatum showed the highest
percentage of inhibiting the growth of M. oryzae with 62.27 and 57.96%, respectively. F. incarnatum showed
antagonistic activity in three dual culture, volatile metabolites and non-volatile metabolites against M. oryzae
and F. fujikuroi fungi. Also, in this experiment, isolates of F. proliferatum and F. incarnatum inhibited the blast
disease and crown rot and increased the height and fresh weight of the shoots and roots of rice plants under
greenhouse conditions.
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