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Combined effect of Metarhizium anisopliae and Pseudomonas
fluorescens CHAO on root-knot nematode, Meloidogyne incognita in
tomato

L. Jahanbazian', M. Abdollahi® and R. Rezaie®
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Abstract

Root knot nematodes are one of the most important plant parasitic nematodes with worldwide distribution
and wide host range. Regarding to the hazards of synthetic chemicals, this is necessary to use other
measures, such as biological control. In some studies, the separate, as well as the combined effects of two
biocontrol agents, Metarhizium anisopliae and Pseudomonas fluorescens CHAO, on Meloidogyne incognita
were studied. In a laboratory test, it has been showed that there is no non-volatile inhibitory effect of P.
fluorescens CHAO on M. anisopliae. In case of In vitro assay of culture filtrate and suspension of both
biocontrol agents, the mixture of culture filtrates and culture filtrate of the bacterium caused about 95% and
80% larval mortality, respectively. Maximum inhibitory in egg hatch (93-98%) observed in those treatments
in which culture filtrate of one or two agents were included. In the experiment that was designed to compare
the application methods, the growth factors of tomato plants considerably increased and the nematode-
related factors considerably decreased, in those M. anisopliae spore suspension were applied as soil drench.
Soil drench of the trade formulation of M. anisopliae to the soil and foliar spray of P. fluorescens CHAO,
improved the plant-related factors and decreased up to 30% of gall formation and up to 75% of reproduction
factor. This is the first report of nematicidal effect of M. anisopliae on M. incognita.

Keywords: Biological control, Culture filtrate, Nematode, Plant growth promoting fungi, Plant growth
promoting rhizobacteria, Systemic acquired resistance
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Table 1. Combined effect of the bacterium Pseudomonas fluorescens and the fungus Metarhizium anisopliae IMI
330189 on larval mortality and egg hatch inhibition of Meloidogyne incognita, under laboratory condition.

Treatments Larval mortality (%) Egg hatch inhibition (%)
T1 542 ¢ 27.73d
T2 12.80 f 32.16d
T3 9.88 fg 31.44d
T4 69.50 ¢ 93.16 a
T5 69.88 ¢ 96.64 a
T6 9498 a 98.22 a
T7 32.18¢ 51.83¢
T8 80.28 b 94.99 a
T9 46.45d 65.69 b

X 10 peba Golel Jls me Gl (ghyls Oyt a5 wlie g b slasl (DMRT) (SGls (glaals di 05051 olal 2 —
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- Values followed by the same letters in each column are not significantly different (P<0.05), based on Duncan Multiple

Range Test.

- T1 = Control (distilled water); T2 = Control (NB); T3 = Control (PDB); T4 = Culture filtrate of the bacterium, grown
in culture filtrate of the fungus; T5 = Culture filtrate of the fungus; T6 = A mixture of the fungus and culture filtrate of
the bacterium; T7 = Spore suspension of the fungus; T8 = Culture filtrate of the bacterium; T9 = Suspension of the

bacterium.
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Table 2. Comparison of application methods of Pseudomonas fluorescens CHAO and Metarhizium anisopliae IMI
3301890n growth factors of infected tomato with Meloidogyne incognita.

Shoot length  Fresh shoot weight Dry shoot weight Root length Fresh root weight Dry root weight

Treatments = . m) ©® @ (cm) @ (®
T1 55.75b 38.35b 10.69 ab 29.25 ab 16.53 a 3.63 ab
T2 57.75b 3478 b 9.62 bc 25.75b 19.65 a 3.62 ab
T3 62.25b 41.26 ab 8.38 ¢d 27.00 ab 16.00 a 3.10b
T4 66.25 ab 35.63b 7.40d 27.75 ab 18.79 a 3.82 ab
TS5 69.75 ab 37.29b 10.51 ab 26.00b 20.57 a 3.48 ab
T6 59.25b 33.11b 7.29d 25.00b 18.47 a 4.45a
T7 66.25 ab 34.17b 7.24 d 24.50b 19.06 a 3.16 b
T8 81.75a 51.59a 12.17 a 31.00a 17.29 a 4.00 ab
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- Values followed by the same letters in each column are not significantly different (P<0.05), based on Duncan Multiple
Range Test.

- T1 = 20 ml of the bacterium suspension as soil drench; T2 = Application of the fungus as soil drench; T3 = Root dip in
spore suspension of the fungus and foliar spray of the bacterium suspension; T4 = Root dip in spore suspension of the
fungus and the bacterium suspension as soil drench; TS = Application of the fungus as soil drench and foliar spray of
the bacterium suspension; T6 = Application of the fungus and the bacterium suspension, both as soil drench; T7 =
Inoculated control; T8 = Uninoculated control
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Table 3. Comparison of application methods of Pseudomonas fluorescens and Metarhizium anisopliae on
nematode indices of Meloidogyne incognita in infected tomato.

Treatments  Galls/root  Egg masses/root Eggs/root Eggs/egg mass J2/s0il Reproduction Factor

T1 1065.5b 598.6 b 33486 cd 560.0 be 1765d 18.16 de
T2 1369.8 ab 5329b 15134 d 278.0 ¢ 5200 be 10.85 ef
T3 11212 b 543.1b 30612 cd 563.5 be 5625 be 18.68 de
T4 1245.6 ab 598.5b 46264 bed 789.0 ab 8350 b 27.93 cd
T5 1792.5 ab 16389 a 126386 a 957.5 ab 4625 cd 66.40 a

T6 19225 a 910.8b 89073 ab 984.0 a 3675 cd 47340

T7 1713.1 ab 970.2 ab 69479 be 724.8 ab 12200 a 41.70 be
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- Values followed by the same letters in each column are not significantly different (P<0.05), based on Duncan Multiple
Range Test.

- T1 = Twenty ml of the bacterium suspension as soil drench; T2 = Application of the fungus as soil drench; T3 = Root
dip in spore suspension of the fungus and foliar spray of the bacterium suspension; T4 = Root dip in spore suspension
of the fungus and the bacterium suspension as soil drench; T5 = Application of the fungus as soil drench and foliar
spray of the bacterium suspension; T6 = Application of the fungus and the bacterium suspension, both as soil drench;
T7 = Inoculated control; T8 = Uninoculated control
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Table 4. Combined effect of P. fluorescens CHAO and M. anisopliae IMI 330189 on growth factors of tomato, infected
with Meloidogyne incognita.

Shoot length Fresh shoot weight Dry shoot weight Root length Fresh root weight Dry root weight

Treatments ) (® (® (cm) @ (®
T1 48.00b 34.85a 6.50 a 29.25 be 13.24 a 2.09 a
T2 46.50b 29.34b 497 ¢ 27.75¢ 12.38 ab 1.49 bc
T3 54.25b 2749 b 4.22 be 33.50 ab 11.98b 1.51 bc
T4 65.75 a 32.25 ab 5.11¢c¢ 25.75¢ 7.73 ¢ 1.11¢
T5 47.00b 28.49b 4.59 ¢ 35.00 a 10.92 ¢ 1.59b
T6 61.75a 30.73 ab 5.45 ab 30.00 abc 9.32d 1.22 bc

s 10 Ch.u 53 bl Dl sme M (Glyls Ot s s alie Gy > L oslael (DMRT) - SSls (glaals s O3l olel -
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- Values followed by the same letters in each column are not significantly different (P<0.05), based on Duncan Multiple
Range Test.
- T1 = Uninoculated control; T2 = Inoculated control; T3 = Root dip in spore suspension of the fungus; T4 = Soil
application of two grams of the fungus; T5 = 20 ml of the bacterium suspension as soil drench; T6 = Soil application of
two grams of the fungus and 20 ml of the bacterium suspension as soil drench
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Table S. Combined effect of Pseudomonas fluorescens and Metarhizium anisopliae on nematode factors of
Meloidogyne incognita in infected tomato.

Treatments  Galls/root  Egg masses/root  Eggs/root  Eggs/egg mass J2/s0il Reproduction Factor
T2 5374a 4372 a 22532 a 5203 a 5408.75 a 1424 a
T3 286.0 be 80.3 ¢ 3523 ¢ 449.0 a 3107.00 a 346¢
T4 378.0b 201.6b 9090 b 453.0a 2500.00 a 5990
T5 209.2 ¢ 89.9¢ 2641 ¢ 269.3b 4067.50 a 346¢
T6 2114 ¢ 109.0 ¢ 3392 ¢ 309.3b 3210.00 a 341c

s 10 Ch.u); &bl Dl sme M (glyls Ot o s alie Gy > L oslael (DMRT) - SSls (glacals O3l olel -
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- Values followed by the same letters in each column are not significantly different (P<0.05), based on Duncan Multiple
Range Test.
- T1 = Uninoculated control; T2 = Inoculated control; T3 = Root dip in spore suspension of the fungus; T4 = Soil
application of two grams of the fungus; T5 = 20 ml of the bacterium suspension as soil drench; T6 = Soil application of
two grams of the fungus and 20 ml of the bacterium suspension as soil drench
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