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Fig. 1. The effects of bacteria on the mortality percent of nematode juveniles in laboratory conditions.
Treatments with the similar letters have no significant difference (p<0.01).
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Fig. 2. Effect of initial pH of the culture medium on protease enzyme production by Bacillus subtilis strain
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Fig. 3. Effect of temperature on protease enzyme production by Bacillus subtilis strain
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Fig. 4. Effect of time period on protease enzyme production by Bacillus subtilis strain at 32°C
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Table 1. Percentage of mortality of root-knot nematode larvae affected by protease enzymes of selected

antagonist bacte
P. fluorescent Bacterial strai
ours

Sterile distilled water  10% Ammonium sulfate B. subtilis

Mortality rate of nematode larvae

5 5 61.91+0.81 80.09+0.17 2
5 5 76.78+0.72 89.23+0.07 4
8 8 86.91+0.75 94.36+0.22 6
8 8 86.92+0.2 100 8
8 8 88.26+0.25 100 10
8 8 88.86+0.5 100 12
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5 okilsil ol 43,8 Wl 655 S S ol 8 las

(Y J)-\:—) Ll eslau! 6.0...4 Jald Q‘ji.c e uT

GBSl 3 cedstWT UL
SIS L 5 53 Wl 1505 ke



o4 VLY Jlw Sy b lowi (p235190 Mo ¢ (S 32005 33 g 3 skeo

Loy

A Jsilr) bl (g phey (S8 S YANY 5 45475

4 P. fluorescent 5 S 53 5550 o33

53 zbl (glin ) OLSS 36 o5bT i 5l gy 0

J‘M}d{lﬁ-cf\" )b(a):&wjjy:‘.lﬁ)jfléjb

czﬂ:ou)'j\c,;u\\'c,;z"j\H\N.EDTAQ.JJ)\;)'\{U'\::Mﬁ;T;\;l:,.uudLa)ﬂﬂ)e?fwﬁ—\‘ Jgd>

Table 2. Percentage of mortality of nematode larvae affected by protease enzyme and EDTA inhibitor after 12

hours from inoculation

Mortality rate of nematode

Bacterial strain

larvae
12.34+0.81 P. fluorescent +EDTA
11.68+0.21 B. subtilistEDTA
100 P. fluorescent
88+0.68 B. subtilis
8+0.71 Sterile distilled water

e £ olE 655 ML incognita Sl 155l sl sl 55 T Glasles 30 5 Kke anglie =% Jgu

SIS Lyl s s

Table 3. Comparison of the average effect of experimental treatments on the pathogenicity indices of M.
incognita nematode on tomato plants under greenhouse conditions

. Treatment
Indicators to be tested
Reduction Rgductl_on of Number The number Number of
(Gall eqds in juveniles of eggs of egg mass alls in the
index) o ggmass (J2s))100 per gram in the whole 8vhole root
99 a/soil ((%) of root root
3 1108.8° 2837.2 63 275.8° 125.22 Inoculated
control
P. + Nematode
2b 388.2¢ 969.6° 33.4P 75.4P 66.8°
fluorescens
B. + Nematode
2b 420.8° 1350.4° 34.6° 77.4P 58.2b

subtilis

I (g1 gme Ve e y3 &S ez o )3 e G b e Sk (Tukey) S5 0sa5T Lolal
According to the Tukey test, means with the same letters are not significantly different at the 1% probability

level.
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Table 4. Comparison of the average effect of experimental treatments on tomato plant growth indices under

greenhouse conditions

Indicators tested Treatment
Root Root Root Root Stem
mass dry fresh length Stem dry Stem fresh length

weigh weigh weigh () weigh (9)
cm?® cm cm
(cm?) @ @ (cm) (cm)
33.28 4.442 22.42 20.62 7.528 37.62 482 Control
16.24 1.524 g 8.4b 4.54¢ 25b 29.2¢ '”gg#t'fgfd
362 4.12b 19.2b 20.42 6.56P 33.42 42.4P P. fluorescens
310 3.62°¢ 14.8¢ 20.42 6.40 32.62 41.2b B. subtilis
23 Lo Sl B 815 e 2550 K38 Sl | x

Haams 4y Lo Jske ol S, M5
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Abstract

Root-knot nematodes, Meloidogyne spp., are one of the most economically important plant pathogenic
nematodes that cause severe yield and quality reduction in agricultural products. The use of biological control
agents is a safe and environmentally effective approach to control root-knot nematodes. Today, biological
control of root-knot nematodes is considered a priority with the aim of reducing the dangerous effects of
chemical toxins, including threats to human health and environmental pollution. One of the effective agents in
biological control is bacteria. In this study, four species and four isolates of Bacillus subtilis, Bacillus velezensis,
Bacillus megaterium and Pseudomonas flurescens were used to control tomato root—knot nematodes under
laboratory and greenhouse conditions. In laboratory conditions, the factors affecting bacteria on nematode
mortality, protease enzyme production, temperature conditions, pH, time required for proper protease enzyme
production, identification of the type of protease enzyme, the effect of this enzyme on nematode, and in
greenhouse conditions, nematode infection indices including the number of galls, egg mass, larval and egg
population per gram of root, the number of second—instar larvae per gram of soil, and the reproduction factor and
the factors of height, dry and fresh weight of shoots, root length, fresh root weight, dry root weight, and mass
volume were evaluated. A greenhouse study was conducted in a completely randomized design with three
replications. Two bacteria B. subtilis and P. fluorescens had the greatest effect on larval mortality with 78.93 and
88.12 percent, respectively. In terms of protease enzyme production, two bacteria B. subtilis and P. fluorescens
created the largest halo with 11.5 and 13 mm, respectively. In the B. subtilis strain, three different characteristics
for protease production were investigated. The mentioned strain produced the highest amount of enzyme at pH 8,
temperature 32°C and 12 hours after inoculation on the mentioned culture medium. The P. fluorescens strain
showed the highest amount of enzyme production under optimal conditions of pH 7.2, temperature 26°C and 72
hours after inoculation of the culture medium. The protease enzyme produced by these two bacteria B. subtilis
and P. fluorescens caused the death of the second—instar nematode larvae by 86.88% and 100% respectively in a
certain time interval. EDTA prevented the activity of the protease enzyme. These two bacteria had a positive
effect on agronomic factors in all greenhouse factors compared to the infected control and reduced the
pathogenic factors of the nematode. The results of this study showed that the use of these two bacteria can be
considered in nematode control.
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