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Extended Abstract

1. Introduction: The root-knot nematodes (Meloidogyne spp.), are considered one of the most important
plant-damaging nematodes in the world. In the last two decades, with the increasing prohibition of
nematicides, the development of biological control agents has become one of the urgent needs to reduce
the damage caused by these nematodes. Considering the fresh consumption of tomato and the dangers
caused by the residual chemical pesticides in this product and the adverse effects of toxins on human
health and the environment, the use of biological control methods, especially nematode antagonist fungi,
which can produce some destructive enzymes of nematodes can be considered as an alternative and
suitable method to control this diseases. The present study was conducted to evaluate the antagonistic
effect of some fungal isolates on the root-knot nematode in vifro and in greenhouse conditions. The
evaluation was done in vitro as the ability to produce lipase enzyme and to calculate the percentage of
parasitized eggs, also in greenhouse as the examination of tomato growth factors under the influence of
fungal isolates on nematodes in pot The results in vitro conditions showed that Trichoderma atroviride
had the highest amount of lipase enzyme production and also the highest number of parasitized eggs. In
greenhouse too, 7. atroviride isolate had the highest antagonistic effect on tomato root-knot nematode
and was introduced as the most successful fungal isolate in reducing damage caused by Meloidogyne
Jjavanica.

2. Materials and Methods: To take samples of crops infected with nematodes, in May, June, and July 2019,
plant and soil samples were taken from tomato farms and greenhouses in Kermanshah city. This study
has tried to examine the antagonistic ability of seven isolates of five fungal genera including Fusarium
solani, F. oxysporum, F. equiseti, Paecilomyces sp. Trichoderma atroviride, Ulocladium dauci, and
Alternaria alternata on knot-producing nematode in vitro and in greenhouse conditions. The ability of
the lipase enzyme production of fungal isolates was also evaluated. The lipase specific activity assay in
seven isolates of various species of fungi obtained from infected knot-producing nematode over five days
of fungal growth (24, 48, 72, 96, and 120 h) was measured. Also, evaluation was performed in vitro by
calculating the percentage of parasitized eggs in a water-agar and the greenhouse by examining the growth
factors of tomato under the antagonistic effect of fungal isolates on nematodes. The ability of antagonistic
activity of the fungi on the eggs was evaluated in water-agar medium with an evaluation of the interaction
between fungi and eggs. The numbers of healthy and parasitized eggs were calculated after two weeks.
The ability of the antagonistic fungi under greenhouse conditions was studied. To provide fungal
inoculum, 20g of soaked wheat seed were cast in bags with autoclave capability. Per every gram of casted
seed, 2 ml distilled water were added and during 24 hours they autoclaved 3 times. Then to every of bag
number of 4 fungi disks with 5 mm diameter from selected isolates was added in 3 repetitions and was
kept at 25 °C and dark conditions. To colonize all of the seeds and to avoid hanging them, every 48 hours
interval the seeds in bags were mixed. After three weeks all of the seeds were infected with fungal isolates.
The ability of the antagonistic fungi under greenhouse conditions was done by adding fungal inoculum
and the numbers of 2000 eggs to each pot and evaluation of performance traits of tomato in pot after 50
days. In every two conditions, data analysis ANOVA (Analysis of variance) was conducted using of the
SAS software version 9.4 in a completely randomized design (CRD) with three replicates.

3. Results and Discussion: Analysis of variance of evaluation results in vitro and greenhouse conditions
showed significant differences among isolates in 1% level. The results of the data in vifro conditions
showed that T. atroviride had the highest amount of lipase enzyme production and the highest number of
parasitized eggs in five consecutive days of measuring specific enzyme activity, while the lowest lipase



enzyme production and number of parasitized eggs were related to U. dauci and A. alternata. In
greenhouse conditions, 7. atroviride had the highest antagonistic effect against root-knot nematode, with
95%, 61.3%, 99.4%, 47.8% and 45.4% increase root length, fresh weight root, dry weight root, number of
stem bifurcations and number of fruit compared to the control, respectively. Also the results showed a
twofold increase in plant height, fresh weight shoot and dry weight shoot. There was 41.8% and 48.8%
decrease in number of node and the number of eggs per plant, too.

4. Conclusions: Results showed there is direct relationship between an increase in plant yield and the
addition of fungal isolates to the pot. The results of the antagonistic ability of fungal isolates in vitro and
in greenhouse showed there is good correlation between the two conditions. So the results showed a
positive effect of the fungal isolates in reducing nematode damage. Finally, based on all of the evaluations
T. atroviride was reported as the most effective isolate ana 4. alfernata and U. dauci isolates as the least
effective antagonist fungi.
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Figure 1- The root knot nematode (M. javanica) in tomato, A:Perineal pattern, B: Tail of nematode, C:
Head and stylet of nematode (10 micrometer scale)
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Figure 2- The fungal effect on the number of parasitized eggs of root-knot nematode (M. javanica) in vitro
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M. javanica
Table 1- Mean comparison of fungal effect on isolates based on morphological features of tomato root
inoculated with M. javanica

7B sbalas ada ) Job by S (i9 Al ) S (459

Fungal isolates Root length (¢cm) Fresh weight root (g) Dry weight root (g)
Trichoderma atroviride 15.07® 12.182 3.392
Paecilomyces sp. 14.35% 11.35° 3.122
Fusarium equiseti 16.532 11.572 3.192
Alternaria alternata 8.01¢ 7.85° 1.95°
Fusarium oxysporum 8.89¢ 7.56° 1.84°
Fusarium solani 13.46° 12.10° 3.33¢
Ulocldium dauci 8.10°¢ 7.80° 1.93°
ol 7.73¢ 7.55° 1.70°

Means followed by the same letters in each column are not significantly different according to Duncan,s
multiple range test (p<0.05)

4 0391 (K hazsF algp (Lplil pwbibcdy ) Slio g3y o238 Gbaslaz 1 (il dulio -Y Jgu
M. javanica o5l

Tabl 2- Mean comparison of fungal effect on isolates based on morphological features of tomato upper
parts inoculated with M. javanica

B sbalus aig gl led plail 5 39 pladl iS5 Ol slosy
Fungal isolates Plant height Fresh weight slgp a3l
(em) shoot (g) Dry weight shoot Number of stem
(g) bifurcations
Trichoderma atroviride 39.382 217.98° 43.60* 2.973
Paecilomyces sp. 27.30°¢ 164.13° 32.83¢ 42
Fusarium equiseti 33.74° 227.332 46.30° 2.56°
Alternaria alternata 16.70¢ 97.98° 19.60¢ 2.11°
Fusarium oxysporum 18.60¢ 109.42¢ 21.88¢ 2.2b
Fusarium solani 18.14¢ 106.69°¢ 21.34¢ 20
Ulocldium dauci 32.33b 98.70¢ 19.80¢ 20
aals 12.20¢ 68.33¢ 14.33¢ 2.01°
Means followed by the same letters in each column are not significantly different according to Duncan,s multiple
range test (p<0.05)
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Table 3 - Mean comparison of fungal effect on isolates based on yield features of tomato
inoculated with M. javanica

7B gl ogao Slusi 0940 ()39
Fungal isolates Number of fruits Fruit weight (g)

Trichoderma atroviride 4.92° 161°
Paecilomyces sp. 4.54* 134.67°
Fusarium equiseti 5.25° 137.33°
Alternaria alternata 2.69° 123.96°
Fusarium oxysporum 2.75° 121.30°

Fusarium solani 2.95b 126°

Ulocldium dauci 2.80° 128°
aals 2.18¢ 110.70¢

Al giae BB w0 b diis S yiiie B9 > syl gt o 0 4 ol Sl
Means followed by the same letters in each column are not significantly different according to Duncan,s

multiple range test (p<0.05).



CanigSLST slag )8 5 0 awg & (Meloidogyne javanica) 55,5 a> g5 o»,5 adiy y S5l (s jleeo 7Y

4 009l (K584 55 a5 50 Wiled (6,55 o (53 (2B LAl 1 (uKileo anlin - F Jour
M. javanica 5l

Table 4 - Mean comparison of fungal effect isolates based on nematode population in tomato
root inoculated with M. javanica

B sbalos Slad JB sloxy P dwnS pB 30 B Sl

Fungal isolates Number of nodes Number of eggs
Trichoderma atroviride 2.33¢d 205¢
Paecilomyces sp. 3be 2300

Fusarium equiseti 2.30¢ 213.30%

Alternaria alternata 3.67% 306.33°
Fusarium oxysporum 3be 244b¢

Fusarium solani 3be 258.67%

Ulocldium dauci 3.33% 290.30b
snls 40 400°

Al giae BB po b diins S yiiie B9 > Iyl gt o 0 a4 sl Sl
Means followed by the same letters in each column are not significantly different according to Duncan,s
multiple range test (p<0.05).
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Table 5 - Correlation between morphological features of tomato

Slowy
SLS 39 P i bt SLS (339 Il (39
e <L . . . .
ada ady, ) dsb Sleppliil  glgp AR EWL ogmodlasiogme 39
. w g2 .. “.;L‘J . -
< Dry Fresh Root Dry Fresh Plant  Number  Fruit
Features  wejsht  weight length  Number of  y¢jght weight height  of fruits weight (g)
root(g) root(g) (M) (X3)  stem shoot (g) shoot (g) (cm) X7)  (X8) X9
(X1) (X2) bifurcations  (xs) (X6)
(X4)
x1 1
x2 0.998™ 1
x3 0.955™ 0.951™ 1
x4 0.556™ 0.544rs 0.606™ 1
x5 0.763" 0.746" 0.885™ 0.591m 1
x6 0.769° 0.751" 0.886™ 0.599" ™ 1
x7 0.572m 0.544rs 0.628™ 0.458 0.813" 0.819" 1
x8 0.8 0.784" 0.91™ 0.709" 0.982™ 0.983™ 0.804" 1

x9 0.733" 0.712* 0.723* 0.541m 0.846™ 0.857" 0.878" 0.827* 1
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Table 6 - Correlation between reproductive features of nematode with the number and weight of tomato

fruit
wlaw 00 Slowy 0940 (‘339
Features Number of fruits Fruit weight (g)
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Number of nodes
* e e ‘ .
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Figure Y- Lipase specific activity of fungal isolates in various days
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