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Abstract
Farmers have been trying for more than 2000 years to fight against plant diseases caused by phytopathogenic fungi. 
Firstly, substances used are highly toxic, so, an alternative was put in place by the use of bacteria capable of fighting 
phytopathogens. In the present study, three water samples are taken from a well of agricultural interest located in Bejaia. 
20 isolates were selected and then purified, based on macroscopic observation on dishes. Their ability to inhibit the growth 
of two phytopathogenic fungi: Aspergillus niger and Botrytis sp was tested. The best isolates were selected following their 
ability to inhibit mycelial growth by the direct confrontation method with PGI% ranging from 61.19 to 82.61% and 33.34 
to 80% against A. niger and Botrytis sp. respectively, then were investigated for their production of volatile substances 
(PGI%: 17.07% to 85.37% for Aspergillus niger and 45.23% to 100% for Botrytis sp), among these last; hydrogen 
cyanide (HCN), and ammonia (NH3) were sought, in addition to the enzyme chitinase. Following the results of the in vitro 
test, N strain was selected for assess its antagonistic power against Aspergillus niger on tomato fruits; where it decreased 
the severity of black rot. The bacterial isolates obtained can be a reliable alternative to chemical control to fight fungal 
diseases, thus promoting good plant health and growth.

Adv Envi Wast Man Rec, 2023

1Faculty of Natural and Life Sciences, University of Bejaia, 
Algeria

2Faculty of Biological Sciences, Université de Tizi Ouzou, Algeria

3Faculty of Biological Sciences and Agronomic Sciences, 
University of Tizi Ouzou, Algeria

1. Introduction
Phytopathogens affecting plant development are a major menace 
to food availability and stability of ecosystem worldwide [1]. 
Every year, the estimation of cultures and food crop destroyed 
by insects, pathogenic fungi, bacteria, and nematodes is one third 
[2]. Recently, the application of pesticides, herbicides, fungicides, 
and chemical fertilizers in a large scale, enhanced plant growth 
and controlled pathogens propagation [3]. Unfortunately, such 
approaches have resulted to soil destruction and resistance 
emergence in plant-pathogen populations.

Plant protection against devastator and phytopathogenic agents is a 
major issue for agriculture. This protection was based dependently 
on chemical products such as methods of protection of cultures 
relatively weak. However, increasing use of chemical input induce 
many negative effects, due to tree reasons; its high toxicity on non 
target organisms (birds, fish, human), appearance of resistance 
lowering its efficiency, and at last, environmental contamination 

by residues [4]. Consequently, frequency of fungal infections 
increased dramatically during these last decennia [5].

PGPB (Plant Growth Promoting Bacteria) can directly affect plant 
metabolism through nitrogen fixation, mineral solubilization, 
plant hormones modulation and plant tolerance improvement to 
abiotic stresses, PGPB also participate indirectly in preventing 
phytopathogens development either by competition for space 
and nutrient occupation or by producing antibiotic metabolites, 
inducing systemic resistance in the whole plant (Niranjan Raj et 
al., 2006;) [6-8].

In this investigation, twenty bacterial strains were isolated from 
agriculture well water, after in vitro antifungal tests, bacterial 
isolate (N) was selected among others, based on interesting results 
obtained, then, was assessed in vivo to demonstrate the antagonistic 
efficiency against A. niger black rot affecting tomato fruits.
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2. Material and Methods
2.1. Well Water Sampling and Bacterial Isolation 
Bacteria were isolated from water samples of an irrigation well 
located in the region of Djebira in Bejaia, northern Algeria 
(36°41′59.2″N; 5°04′28.8″E). The samples were transported to 
the laboratory at 4°C and bacterial isolation was immediately 
performed on Tripticase Soya Agar medium (TSA). Thus, the 
samples were serially diluted (up to 10−6) and each dilution served 
as inoculum for three TSA plates (1ml/Petri dish). After incubation 
(72h at 30°C), the phenotypically different colonies were purified 
on the same medium and conserved for further studies.

2.2. Fungal Strains and Growth Conditions
The plant pathogenic fungi used in this work were Botrytis sp, and 
Aspergillus niger, kindly provided by the laboratory of Mycology 
(University of Bejaia-Algeria). The two fungal strains were 
revivified and purified on Potato Dextrose Agar medium before 
use. TSA medium was used for the antifungal activity tests.

3. Mycelial Growth Inhibition 
3.1. Direct Confrontation Method
20 bacterial isolates obtained from well water were tested for their 
antifungal activity against the above cited fungal strains, the test 
adopted by Hmouni et al.,(1999), consist to depose in the middle of 
a Petri plate (9cm) containing TSA medium, a 5mm young fungus 
disc from PDA medium (A. niger or Botrytis sp), three different 
bacteial plugsgrowing on PCA medium,  were deposed at 1.5cm 
from the plate edge (three plug/ plate). The inoculated plates were 
sealed with parafilm and then incubated for 25 ± 2°C (A. niger) 
and for 7days at 21°C ± 2°C (Botrytis sp). The period of incubation 
have relation with the rate in wich the control fungus acheave the 
plate edge. Plates containing fingus plug without bacteria were used 
as control. The test was done in triplicate, with a daily verification 
of appearance or not of an inhibition zone. Finaly, the percentage 
of mycelial growth inhibition (PGI) was calculated according to 
the formula : PGI% = KR-R1/KR×100 (KR is the distance in mm 
covered by the fungi in the control plate; R1is the distance in mm 
between the fungi and the bacterial colony) [9]. 

3.2. Antifungal Volatiles Production
The production of volatile compounds implicated in the antagonistic 
activity of the strains was tested according to the protocol described 
by Camporota [10]. A 5mm plug of fungus (B. cinerea or A. niger) 
was put in the middle of Malt Extract Petri plate, a similar plate 
with TSA medium was streaked with the antagonist bacteria, the 
cover of plates were removed and the both bottom plates were 
placed face to face and sealed with parafilm. Two plates prepared 
as above but without bacteria were used as control. The fungal 
radial growth was recorded, 7days later, comparing to the control, 
fungal growth inhibition was calculated using the formula: PGI%= 
r1-r2/r1×100 (r1 radial growth of the control fungus; r2 is radial 
growth of fungus in presence of bacteria) [11].

4. Production of Antifungal Compounds
4.1. Hydrogen Cyanide (HCN) Production  
HCN detection was carried out according to [12]. For this, a 
nutrient agar was supplemented with filter-sterilized glycine 
solution to achieve a final concentration of 4.4g/L. the medium in 
surfusion was casted in Petri plates (9mm of diameter). The plates’ 
covers were upholstered by Whatman paper impregnated with a 
sodium picrate solution (5% picric addition of 2% of anhydrous 
sodium carbonate acid), [13]. 100µl of bacterial culture was 
flooded on agar using sterile swabs. Inoculated and control Petri 
dishes were sealed with parafilm and incubated at 30°C/ 96h. HCN 
production is expressed by transformation of the yellow color on 
the Whatman paper (provided by the solution of sodium picrate) 
to orange or brown.

4.2. Ammonia (NH3) Production 
For ammonia detection, 100µL of fresh culture (DO=0.7) was 
inoculated in tubes containing 10mL of peptone broth medium, 
and incubated at 30°C for 96h. Tubes contaning only peptone broth 
served as control.  After incubation 500 µL of Nessler reagent 
were added to each tube. The transformation of the mixture color 
to yellow or orange indicate a positive result, so, a production of 
ammonia by the tested strains [14].

4.3. Chitinolytic Activity Implicated in the Biocontrol
To search production of enzyme degrading chitin, the protocol of 
Kopečný et al., 1996 was used. Agar medium with the following 
composition in 1L of distilled water; K2HPO4 (2.7 g); KH2PO4 
(0.3 g); MgSO47H2O (0.7g); NaCl (0.5 g); KCl (0.5 g) ; yeast 
extract (0.13 g) ; Agar (15) ; 7.2 ± 0.02 pH was supplemented with 
colloidal chitin (0.8 à 0.6 g). This last is prepared by suspending 1 
g of chitin in 9 mL of concentrated HCl. The solution is left under 
stirring for 2 h before bringing the volume to 250 mL. After 24 
h, the obtained pellet is re-suspended in distilled water, washed 3 
times with normal water and three times with distilled water then 
left for decantation. After filtration through metallic sieve (0.5mm), 
the filtrate was stocked at 4°C before using. The bacterial strains 
were initially grown on PCA plates and incubated for 48h at 30°C. 
Five mm agar discs, containing the young cultures, were used to 
determine the capacity of the strains to degrade chitin. A positive 
result is expressed by a clear hallo around the disc.

5. Microscopic Observation of the Bacterial Isolates 
The ten best isolates obtained as a result of in vitro tests were 
prepared for a microscopic observation, after smear preparation and 
Gram coloration, the different bacterial cells were distinguished 
according to their shape, their arrangement and the Gram.
 
6. In VIVO Assay in Tomato Fruits
In vivo test on tomato fruits was performed according to Rai et 
al. (2016) with some modifications. Fresh local tomato fruits 
were selected for uniformity in size, appearance, ripeness and the 
absence of physical defects were disinfected for 1-2min with sterile 
distilled water, supplemented with 2% of hypochlorite, rinsed 
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twice with sterile distilled water and left at room temperature for 
drying for about 2h. Four equidistance holes (4mm×5mm) were 
made in equatorial zone of fruits and each hole was inoculated 
with 30µl of bacterial suspension of the N strain (108UFC/mL). 
After 2h, each hole was supplemented with 15µL of A.  niger –
sporale suspension (106 spores/mL). the control sets were prepared 
similarly using equal amounts (30µL) of sterilized water. tomato 
fruits were incubated at room temperature in specific sterile 
plastic box, covered to defend them from light, and made damp 
to preserve the sporulation of fungi [15, 16]. After 6 to 7 days, the 
reduction of fungal growth in the N isolate treated –tomatoes was 

evaluated in comparison with control’s fruits. The experiment was 
performed in duplicate. The wounds were monitored daily and the 
data were noted.

7. Results and Discussion
7.1. Well Water Sampling and Bacterial Isolation
20 bacterial isolates were purified from the three agriculture 
well water samples situated in Bejaia- Algeria, then, were tested 
by direct confrontation against two phytopathogenic fungi: 
Aspergillus niger and I, this preliminary test will permit to the first 
selection step. 

Figure1: Positives Antagonism Results Showing Clearly the Inhibition Zones

8. Mycelial Growth Inhibition 
8.1. Direct Confrontation Method
The 10 isolates showing the best PGI% results against the two 
fungi Aspergillus niger and Botrytis cinerea are: A, C, D, E, F, 
M, N, O, Q and R. the results of PGI% are showed in the figure 1.

The presence of inhibition zone without a direct contact between 
antagonist and its cible suggest a secretion of diffusible inhibiting 
substances [17].

Figure 2: Percentage of Mycelial Growth Inhibition (PGI%) of A .Niger and Botrytis sp by the 10 Strains.
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M and A strains presented the best and the lowest PGI% against Aspergillus niger (82.61%, 61.19%) respectively. In the case of Botrytis 
sp, the highest results obtained were registrated for O and A strains (80%, 77.7%) respectively, the lowest PGI% was noted for C strain 
(33.34%).

According to, the bacteria exhibit its antifungal activity by producing extracellular lytic enzymes, siderophors, antibiotics and volatile 
metabolies like hydrogen cyanide [18]. 

A best inhibition was observed against Botrytis sp comparing to A. niger, the results were better that those obtained by Tabli et al., 2017 
against the same fungi.

8.2. Antifungal Volatiles Production

Figure 3: Effect of Volatiles Substances Produced by the Ten Strains on Growth Inhibition (PGI %)ofA.niger (A) and B. Cinerea (B).
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Figure 4: Some Positive Antagonism Results of Volatiles Substances Against A.niger and B.cinerea Produced by the Antagonistic 
Strains.

The inhibition was confirmed by a reduction in the mycelial 
growth diameter of the two tested phytopathogènes. Values of 
PGI% ranged from 17.07% (C) to 85.37% (M) as minimal and 
maximal values were noted against A. niger. Interesting results 
were obtained with D and F strains (PGI%=100%) against Botrytis 
sp. comparing to C and N strains with PGI% (45%, 23%) respec-
tively. Figure.

In addition to fungal growth decreasing, the volatile substances 
exhibit effect on sporulation percentage. These results were con-
firmed by confirmed that volatile substances induce mycelial and 
spores lysis of phytopathogens [19].

9. Production of Antifungal Compounds
9.1. Hydrogen Cyanide (HCN) Production
After 4days incubation at 30C°, 10 strains showed HCN produc-
tion by development of orange to red color in the whatman filter 
paper compared to control. The results are illustrated in the table 1 
Color intensity depends on HCN quantity produced.

The majority of the isolates produce the volatile metabolites; am-
monia and HCN. These results corroborate with those obtained by 
[20].

According to, HCN production was contested with small number 
of bacterial strains [21]. In Pseudomonas its production was re-
sponsible of its biocontrol capacities against black rot of tobacco 
caused by Thiolaviopsis basicola

9.2. Ammonia (NH3) Production 
In the present study, nineteen positive signals were recorded for 
the strains under investigation. Thirteen isolates produce high 
amounts of ammonia, six isolates are moderate producers, and the 
strain J was the one enable to produce this volatile compound (ta-
ble 1). Such characters could be implicated in the high antagonistic 
activity expressed by the strains against the tested phytopathogens 
in this work. The production of antifungal compounds diffusing 
in the culture medium or volatiles as cyanide and ammonia, affect 
negatively the fungal growth. 

Many antibiotic compounds were identified, among them volatile 
substances highly toxic like Hydrogen Cyanide. To theses metab-
olites, it is appropriate adding a molecule deriving from primary 
metabolism; ammonia, which by increasing the pH could induce 
an inhibitory effect principally on phytopathogenic fungal spices 
[22].

Figure 5: Hydrogen Cyanide (HCN) Production by Some Strains

Control 

B A

C D
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Isolates Results
G +++
H +++
Q +++
R +++
S +++
N +++
O +++
D +++
F +++
P +++
M +++
L +++
T +++
A ++
B ++
C ++
E ++
I ++
K ++
J -

Table 1: HCN production by the 20 strains

Figure 6: Chitinase enzyme production

Chitinolytic activity

 

In the present study, interesting chitinase activity was observed 
with seven isolates, showing clear zones around discs (exceeding 
0.5mm) on culture medium, containing chitin as the only carbon 
source (as shown in table 2). These results were confirmed by 
Trachuck et al., 1996 signaling bacteria like Bacillus sp us chitinase 
producer. It has been reported that the antifungal mechanism of the 
antagonist agents was attributed to the production of hydrolytic 

enzymes like, chitinase (Boer et al., 1998). Many enzymatic 
activities were related to mycoparasitism like enzymes degrading 
wall components, such: chitinase (Catalan et al., 2011). These 
enzymes were considered important in the biocontrol (Singh 
et al., (1999), due to their capacity to degrade chitin, the major 
component of fungi cell membrane.



  Volume 6 | Issue 2 | 496Adv Envi Wast Man Rec, 2023

Isolats Results
G +++
H +++
Q +++
R +++
S +++
N +++
O +++

Table 2: Chitinolytic activity results for the seven strains

Diameter ˂0, 2 mm (+): low activity, 0.2mm-0.5mm (++): moderate activity, ˃0.5mm (+++): high activity.

Microscopic observation of the bacterial isolates 
After Gram coloration and observation with immersion (G×1000) for the ten isolates, we revealed nine Gram negative small coccobacilli, 
and one isolate (N) bacilli Gram positive in chain. This last contain spores deforming cell extremity, suggesting a Bacillus strain.

Isolates Gram coloration 
Shape  Gram Arrangement Microscopic aspect

A, D Coccobacilli Negative Individual

C, F Very small Coccobacilli  Negative Individual

E, R Coccobacilli Negative Individual

M, O, Q Bacilli Negative Individual

N Bacilli Positive In chain 

Table 3: Gram coloration of the ten strains 
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Precedent Works revealed that the most active bacteria belong to 
Pseudomonas and Bacillus strains (Jousset et al., 2006; Waller, 
2007), thus many studies described in vitro antagonistic effect 
of Bacillus sp strains against phytopathogenic molds (Ongena 
et al., 2007), coinciding with our results; the ten best strains are 
coccobacilli, belonging to Gram negative group exception for N 
isolate appearing Gram positive, in chain, with spores. Suggesting 
that’s a Bacillus genus. These bacteria belong to PGPR group 
famous for their action in decreasing illness severity and stimulate 
plant defense (Dubernard, 2017). 

In vivo assay on tomato fruits 
Tomato fruits inoculated with only Aspergillus niger or co-
inoculated with N strain showed characteristic symptoms usually 
generated by this fungus (black mold), but with different degree. In 
absence of N strain (control: only inoculated with sporal suspension 
of A. niger), the fruit’s area affected is larger and contain more 
spores. Plan fungal pathogens are responsible for the majority of 
post harvest diseases, which can destroy 10-20% of crop yield 
(Agrillo et al., 2019; Tripathi and Dubey, 2004).in this study in 

vivo experiment was performed to estimate the effect of N strain 
on reducing the development of A. niger’s infection on tomato 
fruits. As reported in fig…. tomato fruits inoculated with A.niger 
used as control showed the typical spoilage symptoms generally 
produced by this fungus. Interestingly, the area of infection seems 
reduced in tomatoes treated with N strain. These results suggest 
strong antifungal effect of the N strain and a promising prospect 
for agricultural applications such as in keeping the quality of fruits 
during storage and in reducing post-harvest disease causes by fungi. 
Therefore, the bacterial strain could represent a valid sustainable 
eco-friendly fungicide and have potential as a biocontrol agent in 
alternative to chemical pesticides.

The results of the in vivo test showed that N strain exhibit 
an antifungal activity against A. niger reducing rot severity 
level comparing to control. This could be justified by different 
mechanisms developed by the strain; such as: volatile substances 
secretion inhibiting fruits contamination, or direct contact with the 
pathogen allowed rot minimizing by the isolate. 

A B

Figure 7: Effects of N strain on infection development on tomato fruits. (A): treated; tomato fruits infected by A. niger and treated with 
N strain. (B): control; tomato fruits infected by A. niger’s spores. 

10. Conclusion
The bacterial strains isolated from agricultural well water in 
Bejaia-Algeria showed interesting percentage of growth inhibition 
results with direct confrontation and volatile substances production 
on plates, against A. niger and Botrytis sp. Volatiles substances 
production was confirmed by HCN and ammonia synthesis. Seven 
strains are good producers of chitinase enzyme. The selected N 
strain reduced sporulation and surface area of rot caused by A. 
niger on tomato fruits. The bacilli form with Gram positive 
coloration and terminal spores suggest that N strain was probably 
Bacillus sp.
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