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Abstract

Control of Taro Leaf Blight (TLB) by chemical pesticides remains ineffective 
in Cameroon. Alternative methods of control are required to fight against 
the causative agent of this epidemy. Fluorescent Pseudomonas is the main 
rhizobacteria widely used against plant pathogens because they produce a 
broad range of antimicrobial secondary metabolites (including phenazines) 
involved in the biocontrol mechanism. However many ecological factors could 
influence the production of compounds involved in biocontrol. In the present 
study, we evaluated the abiotic conditions of P. fluorescens DS17R growth, 
phenazine production and antimicrobial activity against Phytophthora colocasiae 
the causal agent of TLB. The abiotic factors were pH, temperature, carbon and 
nitrogen sources, and osmotic stress. The bacterium was grown on King B 
medium and monitored by spectrophotometer. The secondary metabolites were 
extracted with chloroform and the phenazines content estimated by the MnO2-
based reduction assay. The antimicrobial activity of each extracts was evaluated 
by the well diffusion method. Results showed that the growth, phenazine 
production and the antimicrobial activity of secondary metabolites extracted 
from P. fluorescens DS17R was influenced by different abiotic conditions. 
Overall, glycerol was the best carbon source while peptone and NH4Cl were 
the best nitrogen sources. These best sources of growth promoted significant 
phenazine production in correlation with the antimicrobial activity observed. 
In addition the optimum pH and temperature for phenazine production was 6 
and 28°C respectively. On other hand, the positive correlation between growth, 
antimicrobial activity and phenazines production of the extract was observed at 
2.5% NaCl. These findings show that Pseudomonas fluorescens DS17R extract 
could be positively optimized by certain abiotic factors and has the potential to 
be further developed as natural antimicrobial agent against P. colocasiae.

Keywords: Pseudomonas fluorescens; Phenazine; Antimicrobial activity; 
Phytophthora colocasiae; Taro leaf blight

plant diseases. Many rhizobacteria can actively colonize roots [5,6] 
and suppress phytopathogens by the production of siderophores 
or secondary metabolites like phenazines antibiotics [7,8]. Among 
benefit rhizobacteria, fluorescent Pseudomonas is non-pathogenic 
microorganisms, which suppress the soil-borne pathogens through 
multiple mechanisms [9] including the production of secondary 
metabolites [10-12]. Among these secondary metabolites, phenazines 
are highlight of biological significance. Chemically, they belong to the 
alkaloid class of compounds, which contain a basic amino group in 
their structure. Phenazines are water-soluble and are secreted into 
media at concentrations as high as grams per liter of bacterial culture 
[13]. Most species synthesize two or more species-specific phenazines 
except Pseudomonas fluorescens, which, so far, is known to produce 
only Phenazine-1-Carboxylic Acid (PCA) [14]. Many ecological 
factors such as carbon and nitrogen source, temperature, pH, osmotic 

Introduction
Taro Leaf Blight (TLB) disease caused by Phytophthora colocasiae 

is the main constraint of Taro production worldwide. This disease 
can spread rapidly to other plant part and has resulted in yield loses 
of up to 80-100% in many countries [1-3]. Several methods have 
been used to solve this major problem in Cameroon. One of them 
is the use of systemic pesticides such as metalaxyl and mancozeb. 
Unfortunately, the resistance developed by the pathogen strains, 
accumulation of residues and environmental problems can occur 
when these chemicals are repeatly applied. Moreover the appearance 
of the disease during the rainy season makes pesticides spraying 
ineffective [4]. Therefore, alternative ecofriendly treatment is needed 
in order to control the disease. In this respect, rhizobacteria have 
received considerable attention as an alternative approach to control 
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stressetc, could influence the production of this metabolite [15-18]. In 
the previous work Ntyam et al. [19] demonstrated the antimicrobial 
activity of Pseudomonas fluorescens DS17R chloroform extract against 
Phytophthora colocasiae, the causal agent of the TLB. They correlated 
the observed activities with the presence of some secondary metabolites 
like phenols and flavonoids. For successful use of Pseudomonas 
fluorescens DS17R as biocontrol agent, we need to understand which 
and how environmental factors affect the production of antimicrobial 
components. The identification of conditions that control secondary 
metabolite production by P. fluorescens DS17R could lead to a better 
understanding of their regulation and their exploitation. The present 
study aimed to investigate the effects of various abiotic conditions 
on phenazine production by Pseudomonas fluorescens isolate DS17R 
and their respective antimicrobial potential against Phytophthora 
colocasiae.

Materials and Methods
Microbial strains 

The microbial strain used in this study (Pseudomonas fluorescens 
DS17R and Phytophthora colocasiae) came from the culture collection 
of the laboratory of Biochemistry, University of Douala (Cameroon). 
The data regarding the characterization of these isolates were given by 
Ntyam et al. and Sameza et al. [20]. Bacterium was routinely cultivated 
on King B medium and preserved in King B Broth 20% (v/v) glycerol 
at -70°C for long-term maintenance whereas Phytophthora colocasiae 
was maintained on Potato Dextrose Agar (PDA) slant at 4°C. 

Various growth conditions of Pseudomonas fluorescens 
DS17R

Carbon and nitrogen source: For carbon source, basic medium 

(KMP) consisted of 1.5 g/l KH2PO4, 1,5 g/l K2HPO4, 2 g/l MgSO4, 
peptone 20 g/l. Various carbon sources (Glycerol, Glucose, Mannitol 
and Sucrose) were added at a rate of 10g /l. The basic medium of 
nitrogen was made of GKM (10 ml Glycerol, 1.5 g/l KH2PO4, 1,5 g/l 
K2HPO4, 2 g/l MgSO4).This medium was supplemented respectively 
with nitrogen sources at a rate of 20 g/l each. They were: Peptone, 
NH4Cl, (NH4)2SO4, (NH3)2SO4 and yeast extract. A volume of 200 
ml of each medium was introduced in 250 ml conical flasks and 
the pH adjusted to 6.7 after sterilization. Two microliters of two 
days preculture of the bacteria suspension (1.5. 108 UFC/ml) were 
introduced into each flask. After 3 days of incubation, at 26°C, 
samples were collected and the cell growth monitored by measuring 
the optical density at 600 nm using UV spectroscopy (Biotech 
Ultrospec®3000).

Osmotic stress
The study of osmotic stress was made only with the best media 

conditions of C and N sources. Each medium was supplemented 
with different salt (NaCl, KCl and Na2SO4) at concentrations of 2.5; 
5; 7.5 and 10% (w/v). Pseudomonas fluorescens DS17R inoculum 
was introduced in the media and growth monitoring was made as 
previously described. 

pH and temperature
The effect of the pH and the temperature on the growth of P. 

fluorescens DS17R was performed as described by Petatán-Sagahón 
[21] with some modifications. Preculture of the rhizobacterium was 
grown at different pH conditions (4, 6, 8 and 10) and temperatures 
(20, 25, 28, 30, 35 and 40°C). The growth was monitored as previously 
described.

Secondary metabolites extraction
The crude extracts were prepared according to Liu et al. [22] and 

Ntyam et al. with some modifications. Briefly, the bacterium was 
grown in 200 ml of King B broth at 26±2°C for 72 hours and the pH 
value of this broth adjusted to 2.0 with 1 M HCl. After centrifugation 
at 28,000 rpm for 30 min, the supernatant was collected, and extracted 
four times with total of 120 ml of chloroform. Finally, the organic 
phase was evaporated under vacuum and residue dissolved in 500 μl 
of sterilized distilled water.

In vitro antimicrobial test  
The antimicrobial assay of extracts against P. colocasiae was 

performed on Potato Dextrose Agar (PDA) plate using well diffusion 
method. A 5 mm agar plug of P. colocasiae was inoculated in the center 
of the plate and two wells (5 mm diameter) were created at the border 
of the plate equidistant from the center by punching the plate using 
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Figure 1: Standard curve related optical density (OD 367 nm) and pure 
phenazine concentration (μg/mL).

 
Figure 2: Correlation  matrix between growth-phenazine content (a), growth-antimicrobial activity (b) and phenazine content-antimicrobial activity (c) of chloroform 
extract at significant level α=0.05.
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sterile cork borer. One hundred microliter (100 μl) of chloroform 
extracts were added in each well while 100 μl of sterile distilled water 
were added in the control plates. The plates were then incubated at 
26±2°C for 7 days and the radial growth of the pathogen measured. 
The inhibition of the radial growth was calculated according to the 
formula: %I=(Do-Dx)/Do X 100. Do is the growth of the pathogen 
on the control plate and Dx the growth in the test plate. All the tests   
were done in triplicate and the experiment repeated twice [21].

Quantification of Phenazines
Preliminary screening of the crude extracts for phenazines 

content was done by the reduction MnO2-based assay. Briefly, 
aqueous chloroform extracts (200 μl) obtained directly after 
extraction was mixed with 100 μl of MnO2 (3mM) in Eppendorf tube. 
The reaction of phenazine in the extract with MnO2 was detected 
after incubation at 30°C. The reduction of brown colored insoluble 
Mn (IV) to colorless Mn (II) was observed daily for 7 day. Phenazines 
were quantified on extracts from various nutritional conditions of 
growth (C and N source, pH and osmotic stress) by measuring the 
optical density at 367 nm using UV spectroscopy [23,24]. The total 
amount of phenazine in each extract was estimated using standard 
curve obtained by a range of concentrations (0.5, 1, 2, 4 and 16 μg/
mL) from a synthetic phenazine (Figure 1).

Data analysis
Data obtained in different experiments were first subjected to 

Analysis of Variance (ANOVA) using SPSS for Mac Os statistical 
software version 22. The mean comparison of growth, antimicrobial 
test and quantification of phenazine was then performed using 
Duncan’s multiple range test. The correlation coefficient was 
determined to find a relationship between growth, C and N source, 
phenazine production and antagonism. Analysis by t-test confirms 
the relationship. Graph pad windows version 5.2 and SPSS were used 
at 5% (P < 0.05) level of significance.

Results
Effect of carbon and nitrogen sources on growth, extracts activity 

and phenazine production by DS17R

Table 1 shows the effects of two abiotic factors (C and N sources) 
on Pseudomonas fluorescens DS17R growth, antimicrobial activity 
and phenazine content of the extracts. These parameters varied 
significantly (p<0.05) with the two abiotic factors studied. Overall, 
the better growth rate occurred in the medium supplemented 
with glycerol as carbon source. Also, chloroform extract from this 
medium had the highest phenazine content (1.49 μg/mL) leading to a 
significant antimicrobial activity (82.50% of inhibition of mycelium). 
Moreover, peptone, yeast extract and ammonium chloride (NH4Cl) 
were the best nitrogen sources for the parameters studied i.e growth, 
antimicrobial activity and phenazine content. The antimicrobial 
activity was also characterized on agar plate by clear inhibition zones 
around the well containing chloroform extract (Figures 3). There 

Figure 3: Growth inhibition of P. colocasiae by the chloroform extracts. 

Figure 4: Effect of temperature on the growth of P. fluorescens (DS17R) into GN1 and GN2 carbon source and nitrogen after 48h of incubation.
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was no correlation between Pseudomonas fluorescens DS17R growth, 
phenazine content and antimicrobial activity in the glycerol media 
supplemented with yeast extract. However, positives correlation were 
observed in the medium supplemented with peptone or NH4Cl as 
nitrogen sources (R2=0.6515 and R2=0.8996) (Figure 2).

Effects of pH and temperature on the growth, antimicrobial 
activity and phenazine content of chloroform extracts 

When Pseudomonas fluorescens DS17R was cultured on 
various pH and temperature, results showed that the growth rate, 
antimicrobial activity and phenazine content of the extract varied 

significantly with the abiotic factors. From the (Figures 4 and 5) we 
noticed that the optimum growth occurred around 28°C and pH 6 
in both GN1 and GN2 media. There were a significant and positive 
correlation between growth and phenazine content (R2= 0.8092) as 
well as the activity of the extracts (R2= 0.716) at this temperature and 
pH. The same positive correlation was also observed at pH 8 in GN2 
media. However, in GN1 medium a weak correlation was observed 
between growth, phenazine content and antimicrobial activity at pH 
8 (R2= 0.3796).

Osmotic stress effects on growth, phenazine content and 
antimicrobial activity of the extracts.

Figure 5: Effects of pH on growth, phenazine level and activity of DS17R under GN1 (a) and GN2 (b) sources of carbon and nitrogen after 48h of incubation period.

Figure 6: Effect of osmotic stress on antimicrobial activity of chloroform extracts under GN1 source of C and N.
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The effects of different salts concentration on growth, phenazine 
production and the activity of the extracts are shown in the (Figures 
6 and 7). Overall, these parameters significantly (p<0.05) decrease 
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Figure 7: Effect of osmotic stress on antimicrobial activity of chloroform extracts under GN2. 

with the osmotic stress. The best condition of growth and the extract 
activity occurred at 2.5% salt concentration in the tested media. At 
these concentrations, the activity of the extracts was always positively 

Carbon sources
Nitrogen sources

Peptone Yeast extract NH4Cl (NH4)2SO4 (NH3)2SO4

Mycelial Growth (OD600 nm)

Glucose 0.80 ± 0.00**b 0.94 ± 0.03*b 0.78 ± 0.10**a 0.27 ± 0.01***a 0.23 ± 0.01***a

Glycerol 1.04 ± 0.12*a 1.07 ± 0.04*a 0.79 ± 0.02**a 0.26 ± 0.00***a 0.20 ± 0.00***a

Mannitol 0.30 ± 0.00**c 0.13 ± 0.00c*** 0.41  ± 0.01*c 0.09 ± 0.00***b 0.10± 0.00***b

Sucrose 0.30± 0.01***c 1.10 ± 0.21*a 0.51 ± 0.00**b 0.27 ± 0.01***a 0.25 ± 0.01***a

Inhibition of mycelial growth (%)

Glucose 66.66 ± 3.44*b 45.83 ± 1.66**b 43.33 ± 1.81**b 31.00 ± 0.00***a 27.66 ± 3.66***a

Glycerol 82.50 ± 2.33*a 75.83 ± 2.95**a 78.33 ± 3.33**a 17.50 ± 1.21***c 23.36 ± 2.43***a

Mannitol 32.50 ± 4.51*c 32.00 ± 1.50*b 29.83 ± 4.11*c 13.40 ± 2.18**c 15.83 ± 1.55**b

Sucrose 16.00 ± 2.20***d 31.83 ± 3.66*b 15.00 ± 2.10***d 23.33 ± 1.33**b 15.00 ± 1.50***b

Phenazine content (μg/mL)

Glucose 0.78 ± 0.02*b 0.82 ± 0.12*b 0.27 ± 0.02**c 0.15 ± 0.01***a 0.28 ± 0.00**a

Glycerol 1.49 ± 0.01*a 1.19 ± 0.10**a 1.21 ± 0.11**a 0.14 ± 0.01***a 0.16 ± 0.01***b

Mannitol 0.41 ± 0.03*d 0.32 ± 0.01**d 0.36 ± 0.01**b 0.08 ± 0.00***b 0.13 ± 0.00***b

Sucrose 0.65 ± 0.02*c 0.69 ± 0.02*c 0.33 ± 0.02**b 0.15 ± 0.00***a 0.12 ± 0.00***b

Table 1: Growth, antimicrobial activity and Phenazine content of chloroform extracts under various C and N sources.

OD Optical Density
Values are mean of three replicates. For each parameter, means followed by the same letter (column) and the same bulled* (line) are not significantly different (p<0.05) 
according to the Duncan’s test
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correlated with the growth as well as with phenazine production by 
Pseudomonas fluorescens DS17R

Discussion
Pseudomonas fluorescens rhizobacteria can use a wide range of 

organic and inorganic compounds under diverse environmental 
conditions. In general, the productivity of microbial metabolites is 
closely related to the condition of culture used [25]. The changes 
of nutrients and their concentrations have different effects on the 
accumulation of different metabolites, which are controlled by 
intracellular effectors. Tjeerd et al. [26] showed that the carbon and 
nitrogen source can influence growth and antibiotic production by 
Pseudomonas sp. In this study we found that the growth, phenazine 
content ant activity of P. fluorescens DS17R extracts was influenced by 
different abiotic conditions including carbon, nitrogen, temperature, 
pH as well as osmotic stress. Tjeerd et al. demonstrated that the 
activity and the production of phenazine by PCL1391 fluorescent 
Pseudomonas was influenced by the pH of the culture medium.  In 
some fluorescents Pseudomonas studied [27] the optimum pH for 
phenazine production varies with the microbial strain. Temperature 
has been reported to be a key factor influencing both growth of 
rhizobacteria and expression of bio-control mechanisms [28].  We 
found that under GN1 and GN2 media, the growth, phenazine content 
and antimicrobial activity vary between a range of temperature 
from 20 to 40°C. The activities of the extracts were correlated with 
the growth and phenazine production. This result could probably 
explain the role of phenazine as antimicrobial metabolite secondary 
metabolite produced by P. fluorescens DS17R. In recent study Waafa 
and Mostafa [29], showed that the growth inhibition of Botrytis 
by P. fluorescens was correlated with the production of secondary 
metabolites, including siderophores and phenazines in the culture 
media. Moreover, they found that the medium supplemented with 
glycerol as carbon source showed the best antimicrobial activity and 
siderophore production. In our study, glycerol gave similar result. 
When the pH of the media was adjusted to 8 we obtained similar 
phenomena. But the production of phenazine by the Pseudomonas 
fluorescens(DS17R) increases more when supplemented the medium 
at pH 6 by NH4Cl. This observation was also revealed by Slininger et 
al. [30] where the synthesis of phenazine by P. fluorescens increased 
at pH 6 and was correlated to the antimicrobial activity. Although 
the significant growth of P. fluorescens DS17R occured, there were 
no correlation with phenazine production and the extract activity. 
These findings suggest that, although the antimicrobial activity of 
phenazine is well known [31-33], other secondary metabolites like 
phenols and flavonoids could be present. In fact, previous work of 
Ntyam et al. revealed that the chloroform extract of Pseudomonas 
fluorescens DS17R contain secondary metabolites including phenol 
and flavonoid. They suggested that, the antimicrobial activity of 
these extract could be related to these compounds. The osmotic 
stress can also influence the antimicrobial potential of Pseudomonas 
[34]. P. fluorescens (DS17R) isolate tolerate NaCl and KCl at 2.5%. 
In contrast, Chaubey’s works showed that a concentration less than 
2.5% of KCl and NaCl reduced the production of phenazine by 
Pseudomonas fluorescensPCL1391 strain. This could probably imply 
that a mechanism for salt concentration sensing is integrated into the 
regulation of phenazine production [35]. Besides, this production 
depends on salt concentration as well as Pseudomonas strains. In 

this regard we found that Pseudomonas fluorescens DS17R resists 
to osmotic stress compared to PCL1391 strain, which is sensitive 
to increasing NaCl, KCl, Na2SO4 stress resulting in a decrease of 
phenazine levels. Moreover, Pseudomonas fluorescens strain GP72 
showed resistance to 5% NaCl solution, whereas strain 30–84 can 
survive only at a concentration of 4% [36]. The two strains also differ 
in their ability to use different substrates. From previous results, this 
work showed that Pseudomonas fluorescens DS17R could produce an 
increasing amount of phenazine at 2.5% salt concentration correlated 
to a great antimicrobial activity. These abiotic factors are important 
under practical plant production conditions and influence phenazine 
production severely. For successful biocontrol by Pseudomonads, 
one needs to understand which and how environmental factors 
affect the production of other antimicrobial secondary metabolite 
in potential biocontrol products. Environmental regulation seems 
to differ between strains which have to be selected for different field 
conditions for achieving successful biocontrol.

Conclusion
Pseudomonas fluorescens (DS17R) produces secondary 

antimicrobial metabolites including phenazines against Phytophthora 
colocasiae. The activity of the extracts is sometimes correlated with 
P.fluorescens DS17R growth and phenazine production. We found 
that the growth, phenazine production and the antimicrobial activity 
of the extracts was influenced by different abiotic factors including 
carbon and nitrogen source, temperature, pH as well as osmotic 
stress. Therefore selection of abiotic factors that match with certain 
field conditions could be a strong tool in achieving successful 
biocontrol by Pseudomonas fluorescens (DS17R). Further detailed 
investigations to evaluate the effect of Pseudomonas fluorescens 
(DS17R) on Phytophthora colocasiae in vivo should be undertaken. 
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