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Abstract: Some metabolites produced by Pseudomons aeruginosa zag2 had antagonistic activities against

certain fungi. The antifungal activity of pyocyanin, siderophore and hydrogen cyanide produced by p.

aeruginosa  were studied. Pyocyanin was produced in King's B medium  in pH 7±0.2 after 96 hours at

37 C and extracted by chloroform. Physico-chemical analyses showed that the extracted pigmentedN

compound was considered a derivative of phenazine PCN zag2. The minimum inhibitory concentration

of this compound against  Candida albicans was 40.69 µg/ml.The antifungal activity of this compound

was remarkable at 100°C for 20 mins. Different morphological and ultrastructure changes induced after

treatment  of C. albicans by (PCN zag2) were detected by light and transmission electron microscope.

This bacteria produced also another powerful antifungal compound called siderophore. Both pH values and

 iron concentrations were affecting the production and activity of siderophore. Finally, this bacteria

produced toxic volatile compound (HCN) which  reduced the growth of both F. oxysporium  and

Helmithosporium sp. while, A. niger was not affected.
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INTRODUCTION

Pseudomonas strain was one of the most active and

dominant bacteria in the rhizosphere and had been

intensively used as biocontrol agents. Biocontrol by

using antagonistic microorganisms a potential

alternative to chemical compounds for crop protection

against phytopathogens . [3 ,17]

In last years, fluorescent Pseudomonas  had drawn a

world wide attention because of production of

secondary metabolites such as pyocyanin ,[3 7 ]

siderophore, antib io tics, HCN , enzymes and

phytohormons. These had been implicated in reduction

of plant pathogenic fungi and harmful rhizobacteria . [21]

Pyocyanin was one of phenazine derivatives, which

was  a blue pigmented compound  produced by P.

aeruginosa . In previous electrochemical and[3 4 ]

spectroscopic studies of Morrison et al.  pyocyanin[33]

was shown as a good model for flavin. As many

phenazine compounds, pyocyanin had antimicrobial

activity  against many pathogenic fungi. Pyocyanin[12,27]

behaved as a reversible dye of the quinoid type with a

redox potential similar to that of menaquinone.

Siderophore was low molecular weight compound

synthesized under iron-deficient concentration by many

microorganisms. The siderophores of fluorescent

Pseudomonads were commonly referred to as

pseudobactins or pyorerdenes. Siderophores from

different species of pseudomonas were characterized

and detected by several methods; gel filtration, ion

exchange  and  RP-HPLC chromatography for P.

putida   procedures ; electrophoresis, high-voltage[5]

paper  chromatography  and  fluorescence  under  U.V.

light  as well as spectrophotometric method  in

presence of copper and iron by P. aeruginosa by

Cãstaneda et al. .[10]

Pyochelin (pch) was siderophore produced by P.

aeruginosa in iron limited condition as released into

extracellular environment. This iron up take pathway

could therefore be a target for the development of a

new antibiotics. Siderophore can also catalyze hydroxyl

radical formation and may play a role in the tissue

destruction associated with P. aeruginosa infection .[14,9]

Volatile compounds such as ammonia and

hydrogen cyanide were produced by a number of

rhizobacteria were reported to play an important role in

biocontrol . HCN expression and production by[7]

Pseudomonas was strong dependent on iron

availability . Moreover, the antifungal activity of[24,4]

Pseudomonas and others (Bacillus and Azotobacter)

may be due to the production of HCN and

siderophores or synergistic interaction of these two or

with others metabolites . [1]

Some members of Pseudomonas strains antagonized

some plant pathogens and produced hydrogen cyanide

(HCN) that inhibited the growth of infected plant and

reduce their yield. That was due to, ability of HCN to

interfere with cytochrome oxidation of infected plant . [2]
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This work interested with studying the biological

activities of some antagonistic compounds produced by

P. aeruginosa Sha8 against some plant pathogenic

fungi. 

MATERIALS AND METHODS

Bacterial Stain: Pseudomonas aeruginosa Sha8 strain

was obtained from the Laboratory of Microbiology,

Botany Department, Faculty of Science, Zagazig

University .   [35]

Pigment Production by P. aeruginosa Sha8.:   King's

B  broth medium  which contained  protease peptone[25]

2 4 4. 220 g/l, glycerol 10g/l, K HPO 1.5g/l,  Mg SO 7H O

1.5 g/l and 1liter of distilled water. A batch

fermentation was performed by inoculation 200 ml KB

liquid medium (pH 7±0.2) by 10 ml of bacterial

suspension (24 hrs; age) under shaking condition at

210 rpm for 96 hr. at 37°C . Cell free extract was[34]

obtained by centrifugation cultures twice at 5000 g  for

20 minutes.

Extraction of the Pigment: Cell free extract was

subjected to different solvent system (v/w). Nine

organic solvent; n- butanol, chloroform, ethyl acetate,

benzene, diethyl ether, toluene, hexane, petroleum ether

and mixture of chloroform / methanol 1:1 (v/v) were

tested for their extractability of pigment. Only

chloroform was added with ratio of 3:1 (v/v).

Chloroform extracted pigment was  concentrated on

rotary  vacuum  evaporator  (Eyela,  Pikakikai Co.

Ltd., Tokyo, Japan) under reduced pressure at 37°C.

The residue was  redissolved in 10 ml physiological

saline buffered solution 0.9 % according to Chythanya

et al., . The antimicrobial activity of extracted[12]

pigment was determined using agar well diffusion

method against some tested fungi; Aspergillus niger,

Helminthosporium sp., Fusarium oxysporium, Candida

albicans and Saccharomyces  cerevisiae.

Thin Layer Chromatography of the Extracted

Antifungal Compound: The purity of the extracted

metabolite compound was assured by using thin layer

chromatography (TLC) aluminum sheets silica gel 60

pre-coated 20×20 cm MERCK as described by El-

Mougith et al. . The color and Rf values of the spots[18]

were determined. 

Physico-chemical Analysis and Characterization of

the Pigment: The structure of the purified pigment was

established by the studying the infrared spectrum (IR),

nuclear magnetic resonance (NMR), mass spectrum

(MS) and elemental analysis (carbon, hydrogen, oxygen

and nitrogen). These analysis were carried out in

Micro-Analysis center, Cairo University, Egypt. 

Minimum Inhibitory Concentration and Thermal

Stability of the Extracted Pigment: The minimum

inhibitory concentrations (MIC) of the extracted

pigment produced by P. aeruginosa Sha8 was

determined according to Low et al.  against C.[30]

albicans. Percent of fungal dry weight was calculated.

Thermal stability of the purified bacterial pigment was

determined at 100°C for different time intervals 

against C. albicans.

Electron Microscopy: Effect of the purified pigment

on the structure of C. albicans was studied using  light

microscope as well as  transmission electron

microscope (Joel-JEM-100CX, Center of Electron

Microscope-Zagazig University, Egypt) as previously

described by Lorian .[28]

Production of Siderophore by P.aeruginosa Sha8:

Production and extraction of siderophore by P.

aeruginosa Sha8 was carried out as the method

previously described by Misaghi et al. .[31]

Antifungal Activity of Siderophore Against Tested

Fungi: Pseudomonas  aeruginosa Sha8 was streaked

on  king's B agar medium which adjusted at pH 8.0

and  held at 28±2°C for 24, 36, 48 and 72 hours.

Then, 85 agar discs  from the plate culture at every

incubation period were soaked in 125ml of deionized

sterile water for 1 hour at 5°C. On the other hand,

every 25ml of Czapek's-Dox agar medium adjusted at

pH  7.0 was inoculated by 0.1ml of spore suspension

of tested fungi (A. niger, Helminthosporium sp. and

F.oxysporium). Then, poured in petri dishes. The

bioassay process was occurred by using agar well

diffusion  method as described previously. 0.3 ml of

the  extracted  siderophores  were  spotted at every

well (1cm). All plates were incubated at 28±2°C for 3-

5 days then, diameter of the inhibition zones (mm)

were measured.

Effect of Different pH Values as Well as Iron

Concentrations on the Activity of Siderophore:

Different concentrations of extracted siderophore (2, 4

and 6ml)/10 ml were added separately to Czapek's-Dox

broth medium adjusted at different pH (6.0, 7.0 and

8.0). While, for examination the effect of iron on the

activity of siderophore, fungal broth media with

different iron concentrations (2, 4 and 6ml)/10 ml were

supplemented with the same concentrations of extracted

siderophore. B uffered  broth medium without

siderophore served as control.

Each treatment was inoculated with disc taken from

3-5 days age of tested fungi and incubated at 28±2 °C

for 3-5 days under shaking condition. After incubation

period, percent of fungal dry weight inhibition was

determined for each treatment.
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Production of Hydrogen Cyanide by P. aeruginosa

Sha8.: Production and estimation of HCN  produced

by P. aeruginosa sha8 was carried out according to

Bakker and Schipper . Also, the antifungal activity of[2]

H C N  w a s  e x a m i n e d  a g a i n s t  A .  n i g e r ,

Helminthosporium sp. and F. oxysporium . p.

aeruginosa Sha8 was grown in sterile Buckner conical

flask (500ml capacity) containing 200ml of sterile KB

broth medium which was inoculated by 5ml of

bacterial suspension (48 hours old) and incubated at

30±2°C in shacking incubator (185 rpm). On the other

hand, another Buckner conical flask (250ml capacity)

containing 100ml of sterile Czapek's -Dox broth

medium was inoculated by mycelia disc (1 cm) of

tested fungus then, connected to the bacterial culture

flask which previously described by sterile rubber tube.

Another conical flask was left non connected to

bacterial culture as control. The Buckner flasks of

Czapek's -Dox broth medium were incubated at 28°C

for 96 hours under static condition. Dry weight of

tested fungus was estimated and compared with that of

the  control. Percent of fungal dry weight inhibition

was determined.

Statistical Analysis: The obtained data were

statistically analysed to determined the standard

deviation and differences between means were done at

the 5% probability using T test analysis as described

by Duncan . Brivariate correlation matrix of the[15]

obtained data done by using S.P.S.S. software program

(Ver,8) as described by Dytham .[16]

RESULTS AND DISCUSSION

Pseudomonas sp. had the ability to produce

different secondary metabolites as antibiotics,

Pyocyanin, Fe-chelating siderophores, ammonia and

cyanide. These compounds were most often associated

with fungal suppression . Also Pseudomonads were[29]

responsible for the natural suppressiveness of some soil

to soil borne pathogens . [38]

In this research, results in table (1) indicated that

out of nine solvent system chloroform 3:1 (v/v)

reflected highly extractability for pigment  compound

produced by P. aeruginosa Sha8. Also it was found

that, the significant antifungal activity of purified

pigment compound was against C. albicans and S.

cerevisiae than the other tested fungi. Diameter of the

inhibition zones were 30.0 and 28.0  mm for C.

albicans and S. cerevisiae, respectively.

In this connection, the antifungal activity of

fluorescent pigment produced by Pseudomonas spp.

was detected by Cook et al. , Chythanya et al.  and[13] [12]

Weller . Also, Ferna'nder and Pizarro  extracted[39] [19]

pigment component that achieved inhibited a broad-

spectrum of inhibition to some pathogenic yeast and

bacterial strains as shown in table (1).

The purity of the extracted pigment was examined

by TLC analysis under UV rays at 365 and 245 nm.

The percent results indicated that, extracted pigment

fhad one spot with R  0.7±0.02. These result was found

similar to that detected by Ohfuji et al.  and Kumar[34]

et al. . [27]

Similarly Ferna'nder and Pizarro  characterized[19]

pigment compound produced by P. aeruginosa as dark 

needles that inhibited a broad spectrum of pathogenic

yeast and bacteria. Moreover, through this study

physico-chemical characterization of the purified

pigment compound produced by P. aeruginosa Sha8

was studied.

The purified pigment was a blue fiber needle

crystals, which dissolved in chloroform and saline. This

pigment was characterized by different physic-chemical

studies as infrared spectrum (fig. 1), nuclear magnetic

resonance (fig. 2), mass spectrum (fig. 3) and elemental

14 !2 3 2analysis. The results indicated that, C H N O  was the

suggested empirical formula for pigment compound.

The summarized results based on the IR, H NMR, MS1

and elemental analysis indicated that, this pigment

which had antifungal property may be identified as

derivative of Pyocyanin (Pyocyanin zag 2) which

belonged to phenazine family. This compound was

suggested to derivative of  pyocyanin belonged to

phenazine family. The presence or absence of

pyocyanin was  used as the differential way for the

identification of class P.aeruginosa . [23]

Morrison et al.  reported that pyocyanin was a[33]

blue pigment and considered one of the phenazine

derivatives. Also pyocyanin was shown as a good

model for flavins in electrochemical spectroscope

studies of Morrison and Sawyer .[32]

The MICs recorded on the lowest concentration

that inhibited the growth completely. Also, it was

found that, 40.69 µg/ml dose was the minimum

inhibitory concentration for the extracted pigment

(pyocyanin, zag 2) against of C. albicans.

In  respect  to  thermal  stability  of pyocyanin

(zag 2), fig. (4) showed that, the antifungal activity of

the extracted compound (from 0 to 30 min) was

gradually reduced by increasing the exposure time of

20.48 µg/ml dose from  pyocyanin (zag2) at 100°C. At

100°C. It was expected that, the high temperature

(100°C) may affect the configuration and chemical

bonds of the compound.  In this relation Chythanya et

al.  find that, the antivibrio activity of extracted[12]

pyocyanin pigment of P. aeruginosa  was 50 µg/ml. 
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Fig. 1: Infra red spectrum of pigment compound

Fig. 2: Nuclear magnetic resonance of pigment compound
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Fig. 3: Mass spectrum of pigment compound.

Table 1: Efficiency of different organic solvents to extract the antifungal pigment produced by P. aeruginosa Sha. 8.

Tested fungi Diameter of inhibition zone (mm)

----------------------- -------------------------------------------------------------------------------------------------------------------------------------------------------

Organic solvents A. niger Helmintho-sprium  sp F.oxysporium C.albicans S.cerevisiae

N-butanol  _  _  _  _  _

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Chloroform 16.0 15.0 14.0 30.0 28.0

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Ethyleactate  _  _  _  _  _

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Benzene  _  _  _  _  _

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Diethyleether  _  _  _  _  _

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Petrolum ether  _  _  _  _  _

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Toluene  _  _  _  _  _

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Hexane  _  _  _  _  _

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

M ixture 9:1(v/v) _  _  _  _  _

chloroform+methanol 

Control; solvent without extract.

(-) : no inhibition zone.

Light and Transmission Electron Microscopic: 

Examination of C. albicans Treated with Pyocyanin

Showed That: To study the effect of this compound

on C. albicans, (20.48 µg/ml) dose of pyocyanin (zag2)

was used when aseptically added to the growth

medium of C. albicans. It was found that,  C. albicans

sensitive to that blue pigment produced by P.

aeruginosa Sha8. The cells became more thicker and

vacuolated as showed in plate ²(B) compared with

treated one plate ²(A).

The ultra thin section examination showed that, the

presence of this pigment in the growth medium leads

to failure of budding and leads to formation of

abnormal the vacuolated cells with thicker cell wall.

Reduction in cytoplasm volume, lysis of most cell

organelles, appearance of numerous lipid globules and

vesicles were appeared in treated cells. Most of cells

became almost empty and capsulated as showed in

plate ²²(B,C) compared to non treated cell plate ²²(A)

Some of the pigment treated Candida cells grow to

form vacuolated mycelium with external ruptured layer

of cell wall and with partial cytoplasmic layer as

showed in plate²²(D) and compared with plate (²²-A).

Similarly, changes and inhibition of pathogenic

yeast cells treated with extracted blue pigment of P.

aeruginosa was previously detected by Ferna'nder and 
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Fig. 4: Thermal stability of pyocyanin (zag2) produced by P. aeruginosa Sha8 against C.albicans. 

Plate 1: Photomicrographes showing the effect of pyocyanine Zag2 on morphology of C. albicans as appeared in

semi- thin sections (x 400).

Pizarro . The ultrastucture changes in the microbial[19]

cells produced by antimicrobial treatment was the

expression of profound biochemical alterations .  [28]

Moreover, this study concerned with the production

and antifungal activity of siderophores compound

produced by P. aeruginosa Sha8. The results showed

in fig. (5) indicated that 36 hours was the most suitable

incubation period for production of most active

antifungal siderophore, at pH 8.0 and 28 C. The"

recorded diameter of inhibition zones were 30.0, 25.0

and 27.0 mm, for A.niger, Helminthosporium  sp. and

F. oxysporium , respectively. These results were in

agreement with Misaghi et al. . [31]

The antagonistic activity of siderophores produced

by P. aeruginosa Sha8 against the pathogenic tested

fungi (A.niger, Helminthosporium  sp. and F.

oxysporium) which detected through this study was in

agreement with Hebber et al. , they stated that, P.[2 2 ]

capacea achieved an antagonistic effect to F.

moniliforme due to its ability to form siderophore.

Numerous bacteria released colorless or fluorescent

pigment siderophore when grown under iron limiting

conditions . [10]

Through this research it was found that, the

productivity as well as the activity of siderophore

produced by P. aeruginosa sha8 were affected greatly

by the change in pH and iron concentrations.

Regarding to the effect of different pH values on

productivity of siderophore the results in Table (2,3

and 4) indicated that pH 8.0 was the most suitable

value at which there was gradual increase in percent of

inhibition in dry weight of all tested fungi. The results

indicated that the maximum percent of inhibition

(maximum siderophore activity) in dry weights of all

tested fungi was achieved at pH 8. Helminthosporium

sp. was the more sensitive to siderophore than F.

oxysporium and A. niger where, the percents of

inhibition were 89.67, 85.71 and 83.33%, respectively.

The slight alkalinity range for  siderophore activity

against tested fungi was in agreement with the results

obtained by Brady  who stated that under field[6]

conditions fluorescent siderophores may produced only

in alkaline  soils  and  not  in  acidic  soils, where 

the  available iron concentration may be sufficient to 
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Table 2: The antifungal activity of siderophore produced by P. aeruginosa Sha.8 grown at different pH values against A. niger.

Dry weight (mg/10ml) Dox Different cons of  siderophore (ml/10ml) Dox

----------------------------------- --------------------------------------------------------------------------------------------------------------------------------------------

Different pH values 2 % of FI 4 % of FI 6 % of FI

6.0 0.10* 44.44 0.09* 50.0 0.04* 77.77

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

7.0 0.16* 11.44 0.12* 22.22 0.06* 66.66

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

8.0 0.08* 55.55 0.06* 66.66 0.03* 83.33    

control = dry  weight of  untreated A. niger was (0.14mg/ 10 ml) Dox at pH 7.0.                                              

Table 3: The antifungal activity of siderophore produced by P.aeruginosa Sha.8 grown at different pH values against Helminthosporium sp. 

ry weight (mg/10ml) Dox Different cons of  siderophore (ml/10ml) Dox

--------------------------------- ---------------------------------------------------------------------------------------------------------------------------------------------

Different pH values 2 % of FI 4 % of FI 6 % of FI

6.0 0.11* 38.89 0.09* 50.0 0.04* 77.77

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

7.0 0.12* 33.33 0.10* 44.44 0.08* 55.55

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

8.0 0.1* 44.44 0.07* 61.11 0.02* 89.67    

Control=dry weight of untreated Helminthosporium  sp.was ) 0.18 mg/ 10 ml( Dox at pH 7.0. 

Table 4: The antifungal activity of siderophore produced by P.aeruginosa Sha.8 grown at different pH values against  F. oxysporium.

Dry weight (mg/10ml) Dox Different cons of  siderophore (ml/10ml) Dox

----------------------------------- --------------------------------------------------------------------------------------------------------------------------------------------

Different pH values 2 % of FI 4 %of FI 6 %of FI

6.0 0.10* 14.28 0.07* 50.0 0.03* 78.57

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

7.0 0.11* 21.42 0.09* 53.71 0.07* 50.0

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

8.0 0.09* 35.71 0.05* 64.28 0.02* 85.71    

Control= dry weight of untreated F. oxysporium  was (0.14 mg/ 10 ml) Dox  at pH 7.0. Percent of fungal dry weight inhibition.

Fig. 5: Effect of different incubation periods on the siderophore production by P. aeruginosa Sha8 against tested

fungi.

prevent the production. Moreover, Misaghi et al.[31]

found that, P. fluorescence produced a fluorescent

siderophore which reduced the growth of Pythium

aphanidermatum  greater at pH 8.0 than pH 6.0.

Moreover, through this research it was found that,

iron concentrations had great effect on antifungal

activity of siderophores produced by P. aeruginosa. In

this relation Buyer and Sikora  found that, one of the[8]

most important nutritional  factor was iron

concentration which effect the production and activity

of siderophores. Results Table (5, 6 and 7) indicated

that, indicated that the maximum percent of inhibition

(maximum siderophore activity) in dry weights of all

tested fungi were achieved at low  iron concentration

(0.05 mg/l) iron. Helminthosporium sp. was the most

sensitive to siderophore than A. niger and F.

oxysporium where, the percents of inhibition were

66.66, 53.48 and43.75%, respectively.

Similarly Kloepper et al. and Misaghi et al.[26] [31]

stated that the fluorescent siderophores which produced

by P. fluorescens neither formed nor only produced in

small quantities in rhizosphere where iron concentration 

410



J. Appl. Sci. Res., 5(4): 404-414, 2009

Plate 2: The effect of Pyocyanin (zag2) produced by P. aeruginosa Sha8 on C. albicans. C.W., cell wall; P.M.,

plasma membrane; T.Sep., transfer septum; M., mitochondria;, N., nucleus, Nu., nucleolus; Va., vacuole;

E.B., electron dense body; L.G., lipid bud; Cyto., cytoplasm; R., ribosome and A.B., abnormal bud.

Fig. 6: Effect of hydrogen cyanide produced by P. aeruginosa Sha8 on the growth of tested fungi.
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Table 5: The antifungal activity of siderophore produced by P. aeruginosa Sha.8 grown at different iron concentrations against A. niger.

Dry weight (mg/10ml) Dox Different cons of siderophore (ml/10ml) Dox

------------------------------------- control ---------------------------------------------------------------------------------------------------------------------------

Different concs of Fe  mg/l 2 %of FI 4 % of FI 6 %of FI3÷

0.05 0.16 0.13* 18.75 0.11* 33.33 0.07* 43.75

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

0.10 0.14 0.12* 14.28 0.10* 28.57 0.09* 35.71

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

0.20 0.12 0.10* 8.33 0.09* 25.0 0.08* 33.33

Control = dry weight un treated of  A. niger in Dox medium at different iron Concentrations.  

Table 6: The antifungal activity of siderophore produced by P. aeruginosa Sha.8 grown at different iron concentrations Helminthosporium

sp. 

Dry weight (mg/10ml) Dox Different cons of siderophore (ml/10ml) Dox

------------------------------------- control -------------------------------------------------------------------------------------------------------------------------

Different concs of Fe  mg/l 2 % of FI 4 % of FI 6 % of FI3÷

0.05 0.12 0.08* 33.33 0.05* 58.33 0.04* 66.66

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

0.10 0.10 0.08* 20.0 0.06* 40.0 0.05* 50.0

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

0.20 0.10 0.09 10.0 0.08 20.0 0.07* 30.0

Control = dry weight of  untreated  Helminthosporium sp. in Dox medium at different  iron concentrations.

Table 7: The antifungal activity of siderophore produced by P. aeruginosa Sha.8 grown at different iron concentrations against F. oxysporium.

Dry weight (mg/10ml) Dox Different cons of siderophore (ml/10ml) Dox

------------------------------------ control ---------------------------------------------------------------------------------------------------------------------------

Different concs of Fe  mg/l 2 % of FI 4 %of FI 6 %of FI3÷

0.05 0.13 0.09* 30.76 0.08* 38.46 0.06* 53.84

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

0.10 0.12 0.10* 16.66 0.08* 33.33 0.06* 50.0

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

0.20 0.10 0.09* 10.00 0.07* 30.00 0.06* 40.0

Control = dry weight of untreated  F. oxysporium in Dox medium at different iron concentrations. 

Where: * Difference between values (control vs.treated) is statistically significant at probability of 0.05  percent of fungal dry weight inhibition.

was very small. Also,the lowest iron concentration or

absence of it was considered most suitable condition

for siderophore activity against  the tested fungi, these

results were in agreement with Boopathi and Rao .[5]

They stated that the presence of siderophore produced

by P. putida in culture medium containing iron

concentration, forming iron-complex chromophore

where, the medium containing the tested fungal  strain

F. oxysporium f. sp. Ciceri, Fusarium  sp. and H.

oryzae did not show any inhibitory effect on the three

pathogens. The inhibitory effect of the siderophore

produced by Pseudomonas sp. strains on the tested

pathogens was  due to iron deficiency. 

In iron – poor environments, many bacteria

produced highly efficient and specific F -chelating3+

agents  called  siderophores. Many clinical isolates of

P. aeruginosa and Burkholdia cepacia respond to iron-

limiting growth conditions by producing the

siderophore pyochelin. This compound was released

into the extracellular environment where it complexes

with iron and delivered it to the bacterial cell via cell

a specific outer membrane receptor .[20]

Hydrogen cyanide which produced by P.

aeruginosa had the characteristics of a secondary

metabolite which played an important role in

biocontrol . The in vitro antifungal activity of HCN-[11,7]

producing strain on agar medium had been correlated

to the production of HCN (gas phase).

The obtained results in fig. (11) indicated that,

sensitivity of the tested fungi toward HCN was in the

following order: F. oxysporium < Helminthosporium

sp.< A. niger. The percent of inhibition in their dry

weights were 75, 25 and 2%  respectively. A similar

observation  was  detected by Ahmed et al. .[1]

However, the role of HCN for biocontrol activity in the

soil was not yet clear , the inhibition in biomass of[4]

plant pathogenic fungi may be due to the production of

HCN of some certain rhizosphere microorganisms,

results in the inhibition of energy metabolism of

infected  crop plants by interfering in the cytochrome

oxidative respiration and consequently decreased the

yield of infected plant . [2]

Generally, these bioproducts consisting of

Pseudomonas sp. provide moderate to excellent

efficiency against multiple production concentrations,

were relatively ease to apply, and they can be

integrated with conventional products for disease

control .[36]
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Finally, The bacterial strain having the deleterious

traits as production of phenazine, siderophore and toxic

HCN gas, enhances the potential use of it as an

effective biocontrol agent promoting plant growth with

reduced disease in incidence.
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