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Abstract

Background and Objective: The Damping-off disease is one of the most reasons for low productively of tomato in the world, especially
inIrag.In the current study, two types of bacteria (Azotobacter chroococcumand Pseudomonas fluorescens) were used to evaluate their
efficacy in inhibiting the growth of pathogenic fungi Rhizoctonia solaniand Fusarium solaniand protecting the seeds of tomato and
increasing their germination percentage. Materials and Methods: Dual culture technique and Food poisoning technique were used to
study the effect of bacteria on the growth of fungi understudy, and study the effect of bacterial filtrates on germination of tomato seeds.
Results: A. chroococcum showed the strongestantagonisticactivity followed by . fluorescens with the percentage of inhibition ranging
between 72.9-77.1 and 69.5-70.3% for A solaniand F. solani respectively after 7 days of incubation. The effect of A. chroococcumand
P. fluorescens filtrates were increased and also increased the inhibition of growth of fungi understudy, A. chroococcum filtrate also
showed the strongest inhibitory effect followed by P. fluorescens with the percentage of inhibition ranging between 86.0-87.0 and
83.0-83.5% for R. solaniand F. solani respectively at 20% concentration of filtrate. The percentage of seeds germination reached 90% in
the treatment of A. chroococcum filtrate and 80% in the treatment of P. fluorescens filtrate. Conclusion: It can be concluded that
the filtrates of A. chroococcum and P. fluorescens have antifungal properties against £ solaniand F. solani and provided a high
protection and increasing tomato seeds germination percentage.
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INTRODUCTION

In many countries tomato (Lycopersicon esculentum Mill)
considered is one of the best common and important
vegetable yields, which ranks second in the world in
importance following potato'2. There are many regions
specialized in the cultivation of this yield but it suffers from
many agricultural pests, including pathogenic fungi such as
Fusarium solani, F. oxysporum, Rhizoctonia solani and
Pythium aphanidermatum which are specific factors for the
success of cultivation of this crop and considered one of the
main causes of plant diseases, which can infect plants at
different stages of growth3. Many methods have been used
to reduce the economic losses in cultivating the tomato crop
due to fungal infections such as the use of chemical
pesticides®. Which are considered not a successful solution
because their incorrect use causes many environmental and
health problems and disrupts the natural balance of living
microorganisms®’. Also, many of these chemical pesticides
have lost their ability to effect because of the development of
new strains of pathogens resistant to the action of it®. Because
of these problems, recent studies have focused on the use of
microorganismsincluding bacteria, in the biological control of
various pathogens. The soil contains many microorganisms
that affect each other in different relationships such as
antagonism, parasitism, and competition among themselves.
These relationships have been used to resist various
pathogens®'°, Due to the importance of this crop and the
increase of agricultural regions of the crop of tomatoes in Irag
and the occurrence of many of the fungalinfections that cause
significant economic losses this study aimed to use biological
control using Azotobacter chroococcum and Pseudomonas
fluorescens bacteria as one of the important methods of
resistance to damping-off disease in tomato caused by
pathogenic fungi Rhizoctonia solaniand Fusarium solani.

MATERIALS AND METHODS

Study area: The study was carried out at the University of
Qadisiyah/College of Science/ Department of Biology/Iraq for
the period from 2 September to 19 December 2019.

Microorganism

Fungalisolates: Ten samples were taken from tomato plants
that showed symptoms of infection of damping-off disease
from one of the agricultural fields in the Sinniyah district in
Diwaniyah city/Iraq, the tomato plants parts were washed
with water for 30 min and then left to dry, these parts were cut

into small pieces about 0.5-1 cm, then sterilized with sodium
hypochlorite solution at a concentration of 1% for 3 min, then
washed with sterile distilled water three times and left to dry,
after that put 5 pieces for all part in sterile Petri dishes with a
diameter of 9 cm containing the sterile culture medium Potato
Dextrose Agar with 5 replicates for each sample and incubated
at 27°Cfor 3-5 days, then the fungi R solaniand F. solani
under study were identified dependent on the macroscopic
appearance and microscopic features using the classification
keys'12,

Bacterial isolates: A. chroococcum and P. fluorescens were
collected from the Graduate Laboratory at the Department of
Biology/College of Sciences/University of Al-Kufa.

Dual culture technique: The interaction of the colony among
the test pathogenic fungi and bacteria were studied /n vitroin
dual culture technique. The individual test A. solani and
F. solani were grown separately on Potato Dextrose Agar
medium and the individual species of A. chroococcum and
P. fluorescens grew separately on Nutrient Agar medium,
then the agar blocks (5 mm) cut from the individual just
opposed to each other about 2 cm apart, in Petri dishes
containing PDA medium. Three duplicates for each treatment
were used and control was treated in lone. The place of the
colony edge on the back of the disc was noted daily. The
calculation was made for the pathogenic fungi and bacteria
completed an equilibrium after which there was no more
change in the growth since both of the microorganisms were
naturally inhibited, the calculation was made according to
Barnett and Hunter as follows:

L-n

Inhibition (%) = x100

5

where, r, is the radial growth of fungus in control, r, is the
radial growth of fungus in treatment.

Food poisoning technique: The pure culture of fungal species
R solani and F. solani were grown separately on PDA
medium in Petri dishes. Agar blocks (5mm) cut from the
actively growing edge of the new colonies of A. chroococcum
and P. fluorescens were inoculated individually in a 250 mL
conical flask containing 100 mL of sterilized PDB medium. The
flasks were incubated at 37°C for 15 days. After the duration
of incubation, the staling materials were filtered using filter
paperfirstthrough (Whatman No.40 then through membrane
filter). The filtrate was moved aseptically into the conical flasks
and kept at 4°C until use.
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The filtrates of culture that prepared were added
individually to the cooled PDA medium to prepare the
concentration 5, 10, 15 and 20%, the PDA medium was
distributed in Petri dishes and after solidification, agar
blocks (5mm) cut from the actively growing edge of the
pathogenic fungi under study (three duplicates for each
treatment were used and control was treated in lone) and
inoculated at the center of the Petri dishes then incubated at
37°C. The radial growth was measured when the growth in
control reached to the edge of the petri dish, the percent of
growth inhibition ~was calculated according to
Broekaert et a/'* as follows:

e thi 1- thi
Inhibition (%) = Growthincontro ‘Grow in treatment <100
Growthin control

Effect of bacterial filtrates on germination of tomato
seeds: Some tomato seeds types (Castle Rock) was sterilized
by using sodium hypochlorite at 1% concentration for 2 min
and washed with distilled water and left to dry, then treated
with 15 mL of pre-prepared bacterial filtrates individually
for 3 min and distributed 20 seeds for each Petri
dishes containing PDA medium afterinoculating the center of
it with agar blocks (5 mm) cut from the actively growing edge
of the colonies of pathogenic fungi under study individually
with three duplicates for each treatment, with a control
treatment which included non-treated seeds with the
bacterial filtrate. The Petri dishes were incubated at 25°C

Table 1: Antagonistic effect of A. chroococcum against the test pathogenic fungi

for 10 days. Then calculate the number of germinated seeds
and the germination percentage according to Carling et a/™
as follows:

Germination (%) :W x100
Totalseeds

Statistical analysis: Analysis of Variance (ANOVA) was used to
find significant differences between the rates by Duncan’s
multiple range test at 5% probability level'®.

RESULTS

The percentage of inhibition of A. chroococcum and
P. fluorescens against test pathogenic fungi A solani
and £ solani are presented in (Table 1 and 2). It was
observed that A. chroococcum showed the strongest
antagonistic activity followed by P. fluorescens with the
percentage of inhibition ranging between (72.9-77.1) and
(69.5-70.3)% for R. solani and F. solani respectively after 7
days of incubation. In the present study, the effect of
A. chroococcum and P. fluorescens filtrates was increased
and also increased the inhibition of growth of fungi
under study, it was observed that A. chroococcum filtrate
also showed the strongest inhibitory effect followed by
P. fluorescens with the percentage of inhibition ranging
between 86.0-87.0 and 83.0-83.5% for R. solaniand F. solani
respectively at 20% concentration of the filtrate, there were
also found significant differences between different
treatments at the 5% probability level (Table 3 and 4). The

The average diameter of
mycelial fungal growth(mm)

The average diameter of
mycelial fungal growth(mm)

Treatment Treatment
Incubation (A. chroococcum (A. chroococcum
days Control (R. solani) + R, solani) Inhibition (%) Control (£. solani) + F. solan)) Inhibition (%)
3 55.2%£0.17¢ 30.3£0.222 45.1 53.4%0.25¢ 25.5%£0.25° 52.2
5 60.710.24° 25.61+0.15° 57.8 58.21+0.12° 21.6+0.19° 62.8
7 69.8+0.28° 18.9+0.32¢ 729 70.9+0.312 16.2+0.28° 77.1

All values in the table are expressed as a Mean=*Standard error, The columns with the same letters indicate no significant differences between means at 5%

Table 2: Antagonistic effect of 2. fluorescens against the test pathogenic fungi

The average diameter of
mycelial fungal growth (mm)

The average diameter of
mycelial fungal growth(mm)

Treatment Treatment
Incubation Control (P. fluorescens Control (P. fluorescens +
days (R. solani) + R, solan)) Inhibition (%) (F. solani) F. solani) Inhibition (%)
3 55.8+0.15¢ 35.2+0.242 36.9 48.7£0.28¢ 33.5%0.222 31.2
5 62.6+0.20° 25.6+0.27° 59.1 57.2%+0.15° 29.2+0.27° 489
7 68.7+0.18° 20.9+0.35¢ 69.5 71.2+0.24° 21.1+0.33¢ 703

All values in the table are expressed as a Mean=*Standard error. The columns with the same letters indicate no significant differences between means at 5%

1458



Pak. J. Biol. 5ci, 23 (17): 1456-1461, 2020

Table 3: Effect of A. chroococcumfiltrate against the test pathogenic fungi

Pathogenic fungi

R. solani

F. solani

The concentration

The average diameter of

The average diameter of

Bacterial filtrate used of the filtrate (%) mycelial fungal growth (mm) Inhibition (%) mycelial fungal growth (mm) Inhibition (%)
A. chroococcum 5 45310.14° 49.6 42.7+0.22° 52.5
10 32.6£0.17¢ 63.7 30.8£0.27¢ 65.7
15 244+0.27¢ 72.8 19.6+0.16¢ 78.2
20 12.6£0.29¢ 86.0 11.7£0.33¢ 87.0
Control 90.0£0.1° - 90.0£0.1° -

All values in the table are expressed as a Mean=*Standard error, The columns with the same letters indicate no significant differences between means at 5%

Table 4: Effect of P. fluorescensfiltrate against the test pathogenic fungi

Pathogenic fungi

R. solani

F. solani

The concentration

The average diameter of

The average diameter of

Bacterial filtrate used of the filtrate (%) mycelial fungal growth (mm) Inhibition (%) mycelial fungal growth(mm) Inhibition (%)
5 474+037° 473 449+0.36° 50.1
10 34.24+0.27¢ 62.0 36.61+0.29° 59.3

P. fluorescens 15 22.7%0.214 747 243%0.18¢ 73.0
20 15.3+0.14¢ 83.0 14.8+0.25¢ 83.5
Control 90.0+0.12 - 90.0+0.12 -

All values in the table are expressed as a Mean=*Standard error, The columns with the same letters indicate no significant differences between means at 5%

Table 5: Effect of A. chroococcum and P. fluorescens filtrates on seeds

germination
Treatments Germination (%)
A. chroococcum 90.0
P. fluorescens 80.0
Control 40.0

bacterial filtrates that used provided high protection for seed
against pathogenic fungi understudy and showed a high
effect in increasing seeds germination percentage, which
reached 90% in the treatment of A. chroococcumfiltrate and
80% in the treatment of P. fluorescensfiltrate compared with
the treatment of control which reached 40% (Table 5).

DISCUSSION

In the current study, A. chroococcum and P. fluorescens
showed significant activity against A solani and F. solani
damping-off disease in vitro. The ability of A. chroococcumto
inhibit the growth of pathogenic fungi under study may be
due to their ability to produce some enzymes that have ability
to degrading fungal cell walls such as B-1,3-Glucanase,
Laminarinase, and Chitinase and produce antibiotics such as
Phenazine, Herbicolin and Pyoluteorin as well as low
molecular weight compounds such as HCN, which if are
present in high concentrations inhibit the growth of
pathogenicfungi'. These results correspond with the findings
of AL-Azawy' that A. chroococcum can inhibit the growth of

R. solaniafter 96 hrs with the percentage of inhibition 41.33%,
and correspond with Muhsin and Al-Kaabi'® which found
that A. chroococcum can inhibit the growth of £, so/ani and
F. solani causing seed decay and seedling damping-off
disease in sunflower. As for P. fluorescens, the reason for its
ability to inhibit the growth of fungi under study may also be
the ability to produce some antibiotics such as Lipopeptide
cyclic, Amphisin, Siderophores, 2,4-acetylphloroglucinol and
Pyrrolnitrin and their production to enzymes such as
Endochitinase, Lipase, Protease, B-1,3-Glucanase which
degrading fungal cell walls and inhibits the growth of fungi
and therefore has a strong resistance against the growth of
fungal isolates under study®. These results correspond with
some previous studies such as Chen et a/?' and Ongena et a/?
who found that P, fluorescens has a high inhibitory effect and
ability to the protection of Cucumber against Pythium root
rot and Showkat et a/2* who found 7 isolates of P. fluorescens
showed high antifungal activity against £. oxysporum and
Aspergillus spp. A. chroococcum and P. fluorescens have
many characters that make them well suited as biocontroland
growth-supporting factors since wide use of fungicides have
resulted in the accretion of toxic materials potentially risky to
humans and the environment also in the increase of
resistance of pathogens, eco-friendly antagonistic bacteria like
A. chroococcum and P. fluorescens could be used in the
control of damping-off disease?*. Therefore, our current study,
according to the results obtained, suggests the possibility of
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using the filtrates of A. chroococcum and P. fluorescens to
provide a high protection and increasing tomato seeds
germination percentage.

CONCLUSION

It can be concluded that the filtrates of A. chroococcum
and P. fluorescens have antifungal properties against £, solani
and £. solani; and provided a high protection and increasing
seeds germination percentage, deserving more study for the
determine the active materials in these filtrates and
effectiveness of both under field conditions needs to be
developed before these species can be used successfully in
fungal control of damping-off disease in tomato and other
fungal diseases.

SIGNIFICANCE STATEMENT

This study discovered the possibility of using the filtrates
of A. chroococcumand P. fluorescens to inhibit the growth of
fungi A solaniand F. solani that causing damping-off disease
in tomato that can be useful in using them as safe alternatives
to the environment instead of chemical pesticides. This study
will help researchers to discover environmentally safe
materials that have antimicrobial properties against
pathogenic microorganisms that cause significant economic
losses in different crops.
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