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ABSTRACT:  
Thirty five endophytic fluorescent bacteria 
were i solated from root tissues of healthy 
tomato plants in Egypt (El-Giza, El-Quliobiya, 
El-Fayoum and El-Behira Governorates) and 
tested for their eff iciency for inhibiting growth 
of tomato pathogen, Alternaria solani and 
Pseudomonas syringae . Two most effective 
isolates MG4 and MG18 against the three 
pathogens were selected and identi fied as 
Pseudomonas  put ida  and P.  f luorescens. 
Plant growth promoting activi ty of the two 
Pseudomonas  spp. was evaluated. Both 
endophytic bacterial species produced 
siderophore, HCN, ammonia and IAA but IAA 
production was higher with P. put ida  which 
was also able to solubil i ze phosphate.  
Tomato roots were subjected to colonization 
after bacterization with two Pseudomonas 
species. Treatments with P. put ida or P. 
f luorescens through seedl ing dip were highly 
effective i n inhibit ing l eaf spot caused by A. 
solani and bacteri al speck caused by P. 
syr ingae  but P. f luorescens was more 
effective than P. put ida.  The potential of two 
Pseudomonas spp, for tomato growth 
promotion was evaluated in green house 
ei ther individual ly or in mixtures. They 
signif icant ly enhanced all growth parameters. 
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INTRODUCTION:  
Plant growth promoting rhizobacteria 

(PGPR) are a heterogeneous group of bacteria 
(Bacilli, fluorescent Pseudomonad & 
actinomycetes). It can improve the extent and 
quality of plant growth directly and or indirectly 
by biological control of diseases, (Lucy et al., 
2004). Also, it increase plant systemic 
resistance by the production of secondary 
metabolites as antibiotics, chitinase, -1, 3- 
glucosidase, exoprotease enzymes, 
siderphores, phenazine-1-carboxylic acid, 2-
hydroxyphenazine, 2,4-diacetyl-pyoluteorin, 
pyrrolnitrin, phloroglucinol which suppress 
fungal growth by producing iron-chelating 
siderophores and cyanide. Promotion of plant 
growth and induction of systemic resistance by 
Fluorescent pseudomonads  was reported 
(Persello-Cartieaux et al., 2003; Klein et al., 
2004; HaiMing et al., 2007; Ahmed et al., 2008; 
Werra     et al. , 2008). Cyanide can also be a 
ligand of hydrogenase in certain aerobic 
bacteria that are not described as cyanogenic. 
It has an ecological role and confers a select ive 
advantage to the producer strains (Sarani et al., 
2008). 

Root colonization by introducing a more 
efficient root colonizer such as fluorescent 
Pseudomonas (PGPR) has been shown to 
reduce the population of major and minor 
pathogens (Anjaiah et al.,  2003).   In  this  
concern it was reported that treatment of 
soyabean with Pseudomonas aureofaciens 
increased the emergence rate, shoot fresh 
weight, shoot dry weight and root fresh weight 
at 7 days after inoculation (Jung et al. , 2007). 
Umesha and Hariprasor (2010) stated that seed 
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bacterization with Bacillus subt ilis strain GBO3 
showed increased plant growth and reduced 
bacterial leaf spot in tomato. Seedling raised 
from seed bacterized with GB03 showed 
increased root length, shoot length, fresh and 
dry weight, the activity of phenylalanine 
ammonia lyase (PAL) and polyphenal oxidese in 
seeds, phenolic accumulation were reached 
their peak at 96 hours after pathogen 
inoculation.  

Wangdi et al. (2010) and Ishiga et al.  
(2011) stated that , coronatine (COR) a non 
Jasmonate mimic host – specific virulent 
effector produced by pseudomonas syringae  pv. 
tomato is required for full virulence of       P.  
syringae in tomato . COR is shown to induce a 
range of physiological processes including 
chlorosis, root growth inhibition and 
anthocyanin accumulation. Rhizo- and 
saprophytic-bacteria that live in plant 
rhizosphere and colonize the root system have 
been studied as plant promoters for increasing 
yield production and as biocontrol agents 
against plant diseases (Lucy et al., 2004). 
Colonization of plant root system can led to 
reduced pathogen attack directly through 
production of antimicrobial substances.  

MATERIAL AND METHODS:  
Plant growth and treatment:   

Tomato seedlings (Lycopersicon 
esculentum Mill. Cv.  Castel rock) of 30 days old 
was kindly provided from Agriculture Research 
Center, Egypt. These seedlings were 
transplanted (one/pot). The plants were divided 
into three sets.  Each set was divided into four 
groups; the first was bacterized with 
Pseudomonas putida, the second with 
Pseudomonas fluorescens, the third with mixture 
of the two PGPR and the fourth represented the 
positive control. The four groups of one set were 
infected with Pseudomonas syringae and the 
second with Alternaria solani the third set 
represented a control series. Each treatment was 
represented by three replicates.  The experiment 
was carried out during the summer season from 
June to August of two successive growth 
seasons 2006 and 2007. The pots were arranged 
in a random manner under prevailing 
environmental conditions. The samples were 
collected after 30 and 60 days for analysis. The 
yield was estimated at the end of the experiment.     
Pathogens preparation: 

A. Solani and P. syr ingae were isolated 
from naturally infected tomato plants showing 
leaf spot and bacterial speck symptoms, 
respectively. Plants were col lected from four 
governorates in Egypt (El-Giza, El-Quliobiya, 
El-Fayoum, and El-Behira).  
Foliar application by pathogens: 

Suspension of A. solani was applied by 
hand atomizer to tomato plant leaves one week 
after transplanting (Schilder and Bergstrom, 
1990).  The infected plants were covered with 

polyethylene bags for 48 hours to provide 
enough moisture for conidial germination; 
control plants were sprayed with sterile water. 
Disease assessment was carried out according 
to 0-4 scale:  0 = No infection, 1= 20% infection, 
2= 20-40% infection, 3= 40-60% infection, 4= 
60-80% infection. 

Disease severity index (DSI). DSI was 
calculated according to the following equation  

DSI = 
SN

vn 100  where: 

n= numeri cal value of each category, 
v= number of leaves in each category, S= the 
highest number in the scale, N= total number 
of leaves in the sample. 

The second set of plants was challenged 
with cell suspension of P. syr ingae (Romeiro, 
2001). Disease severity was evaluated 
visual ly when the typical symptoms became 
evident and scored using a disease index with 
a range of 0 to 3 (0 signifies a healthy- 
looking plant; 1 signif ies 2 to 5 specks 
together or spread over each leaf; 2 signi fies 
6 to 10 specks; and 3 signif ies more than 10 
specks), as descri bed by Yunis et al. (1980). 
Isolation of endophytic Fluorescent 
pseudomonads:  

Endophytic fluorescent pseudomonads 
were isolated according to (Mathiyazhagan et 
al., 2004) with some modifications using 
King's B medium. 

The two used PGPR, P. put ida isolate 
MG4 and P. f luorescens  isolate MG18 were 
previously isolated from healthy tomato root 
plants coll ected from different agriculture 
areas in Egypt and showed signif icant 
antagonistic acti vity against fungal and 
bacterial plant pathogens (Ahmed et al. , 
2011).   Bacteria  were  grown  on  King’s  B  
plates for 24 h at 28°C and the cel ls were 
harvested by cent rifuging at 10.000 g  the 
inoculums of A. solani was prepared 
according to Beshir (1990).  The suspension 
of mycel ial fragments was adjusted to 105 
CFU/ml. Inoculums of P.  syringae  was   
prepared according to Romeiro (2001). 
In vitro screening of fluorescent 
Pseudomonads isolates for antagonistic 
activity (on PDA medium):  

The antagonistic effect of bacterial 
isolates against Alternaria solani and P. 
Syringae was measured by dual culture plate 
assay as descri bed by Vidhyasekaran    et  al.  
(1997). 
Identification of the most active 
antagonistic isolates:  

They were identifi ed according to 
standard physiological and biochemical 
identification tests as described in Bergey's 
Manual of Systematic Bacteriology (Holt et 
al., 1994). Further biochemical tests were 
performed using API 20NE ki ts (Biomerieux 
Co., France), commercially available kits; 
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consist of rows of micro tubes impregnated 
with various freeze-dried test substrates. 
They are rehydrated by inoculation with 
bacteri al suspensions, and after incubation 
period, the results are recorded as color 
changes. The ki t was used according to the 
instructions of the manufacturer. 
Biochemical activities of microbial bioagents: 

a- Antifungal assay (King's B and 
sabaroud dextrose media):  

The agar well diffusion method as adopted 
earlier (Mehmood et al., 1999) was used. 

b. Detect ion of siderophore production: 
Bacterial isolates were assayed for 
siderophores production on the Chrome 
Azurol S agar medium (CAS medium) 
descri bed by Schwyn and Neilands (1987): 

c. Detect ion of HCN production (using 
KBA): Product ion of HCN by bacterial isolates 
was observed according to the method of 
Lorck (1948). 

d. Chitinolyt ic activity  
i - Preparat ion of colloidal chitin: 

Colloidal chit in was prepared as described by 
Hsu and Lockwood (1975) from crab shell 
chi tin (Sigma Co.).  

i i- Detection of chit inase product ion:  
To induce chit inolytic act ivity, bacteria 

were grown on syntheti c medium with 1% 
col loidal chit in as described by Kamil et al.  
(2007). 

e. Phosphate Solubil ization(plating on 
Pikovaskya (PKV) agar):After incubation at 
28±1ºC for 5 days, the formation of a clear 
zone around bacterial growth indicated 
phosphate solubil ization capacit y as 
descri bed by Gaur (1990). 

f. NH3 product ion (on peptone water 
broth):   

Development of brown to yellow colour 
was a positive test for ammonia production 
(Cappuccino and Sherman, 1992). 

g. Determination of indole acetic acid 
(IAA) product ion (using KB broth with 
tryptophane 1, 2, & 5 mg/ml): Quantitative 
analysis of IAA was performed using the 
method of Loper and Scroth (1986). 
Development of pink color of fi lt erate + 
reagents indicates IAA production. Optical 
densi ty was measured at 530nm using Jasco 
spectrophotometer. Concentration of IAA 
produced by cultures was measured with the 
help of standard graph of IAA. 
Evaluation of root colonization and plant 
growth promotion in response to PGPR: 

a. Inoculum preparation of PGPR and 
application of biocontrol organisms to tomato 
roots: The roots of 30 days old tomato 
seedl ing were washed several times with 
steri lized disti ll ed water and dipped in cell 
suspension (1010 CFU ml - 1/10 ml MgSO4)  of P. 
put ida, P. f luorescens  individual ly and in a 

mixture of the two isolates for one minute as 
separate treatments. Seedl ings dipped in 
steri l ized disti lled water were used as 
controls.   

b. Root colonizat ion assay: Total and 
internal root population count were 
determined according to Press et al.  (2001). 
Evaluation of plant growth characteristics: 

Plant growth criteria were measured 
(Black et al. , 1965; Tang et al. ,  2005). 
Statistical analysis: 

The experiment followed a completely 
randomized design. The measured data were 
subjected to the analysis of variance 
(ANOVA) appropriate to the design (Snedcor 
and Cochran, 1980). The signif icant 
di fferences between treatments were 
compared with the critical difference at 5 % 
level of probabi li ty by the Duncan’s test using 
SPSS for windows version 12.0 software 
(Walter and Duncan, 1969). 

RESULTS:  
Isolation and screening of antagonistic 
fluorescent pseudomonds:  

Thirty five isolates of fluorescent 
pseudomonds (with various inhibitory 
activit ies against phytopathogenic fungi)  were 
isolated from root tissues of healthy tomato 
plants. Some of 35 fluorescent 
Pseudomonads isolates showed highly 
inhibitory activity while others exhibited 
limited activity (Fig. 1).  

   
Antibiosis test 

  
Phosphate soubilization                      Siderphore production 

by P. putida and P. fluorescens  

Fig. 1. Two isolates of Pseudomonas designated 
MG4 and MG18, originated from roots.  They 
show an apparent effect against the 
phytopathogenic fungi. 

Identif ication of selected PGPR:  
Isolate MG4 was grouped under 

Pseudomonas putida, whereas isolate MG18 was 
classified as P. f luorescens. Identification was 
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confirmed by the standardized API 20NE strip 
System (Biomerieux Co., Marcy, Etoile, France). 
Antagonistic and some biochemical activities of 
the two selected PGPR Pseudomonas isolates:  

The two selected i solates were tested 
for their plant growth promoti on activities by 
assaying phosphate solubil ization, HCN, 
siderophore, ammonia and IAA production 
(Table 1&2). 
Table 1. Biochemical activit ies of bacterial 
antagonists 

Bacterial isolates 

Pseudomonas 
fluorescens 

Pseudomonas 
fluorescens 

Characteristics 

48 33 
Antifungal activity, 
diameter of inhibition of 
A. solani (mm) 

+ + Siderophore production 

+ + HCN production 

- - Chitinolytic activity 

- + Phosphate solubilization 

+ + NH3 production 

Table 2. Production of IAA by the two biocontrol 
Plant growth promoting rhizobacteria 

Production of IAA (µg/ml) 

Pseudomonas 
fluorescens 

Pseudomonas 
putida 

Tryptophan 
concentration (mg/ml) 

1.88 6.15 0 

13.92 21.65 1 

29.25 38.62 2 

46.7 67.65 5 

Root colonization:  
Total population of P. putida and P. 

fluorescens on roots did not differ significantly 
but were higher than control while internal 

population of the P. fluorescens isolate were 
significantly lower than those of the P. putida 30 
days after treatment. After 60 days total and 
internal population of P. fluorescens decrease 
sharply while P. putida populations were 
significantly higher than control (Table 3). 
Table 3.  Total and internal population count of the 
two Plant growth promoting rhizobacteria 30 and 60 
days after root treatment  

Internal bacterial 
population (log CFU/g  

fresh weight root) 

Total bacterial 
population (log CFU/g 

fresh weight root) 
Bacterial 
isolate 

30 DAT 60 DAT 30 DAT 60 DAT 

P. putida 8.77 (a) 6.85 (a) 7.64 (a) 5.33 (a) 

P. fluorescens 8.61 (a) 3.38 (b) 6.71 (b) 1.58 (b) 

Control 2.63 (b) 1.56 (c) 1.95 (c) 1.22 (b) 

DAT= days after root treatment 
Within rows, data followed by the same letter do not 
differ signif icantly according to Duncan’s mult iple 
range tests (p < 0.05). 
Plant growth promotion activity of two 
rhizobacterial species:   

The data in tables 4 a, b & c reveal the 
following results:  In general, microbial 
inoculated plants with individual and mixed 
bacterial isolates showed signif icant 
improvement in the biocontrol of the plant 
diseases and in all growth criteria compared 
to control, but the mixture of P. put ida and P. 
f luorescens  exhibited the maximum increase 
in the measured plant growth criteria number 
of leaves, flowers and fruits, chlorophyll 
content, yield fresh weight at the two stages 
of growth. This was followed by plants 
inoculated with P. putida whi le plants 
inoculated with P. f luorescens  recorded the 
least effect and did not show any signif icant 
di fference compared to the untreated control.

Table 4a. Effect of single Plant growth promoting rhizobacteria (Pp or Pf) and their mixed inoculation on 
different growth cr iteria of uninf ected tomato plants shoot and root  

Shoot system Root system 

Height (cm) fresh weight (g) Dry weight (g) Length (cm) Fresh weight (g) Dry weight (g) 

Plant organ 
Bioagent and date 
of Application after 
transplanting Mean % Mean % M % Mean % Mean % M % 

30d 35.52 
±1.733 

122.22 
±6.22 

35.99 
±2.73 

127.26 
±0.70 

4.84 
±0.21 

123.47 
±6.9 

9.15 
±0.60 

115.82 
±6.2 

5.14 
±0.18 

134.20 
±6.9 

0.78 
±0.70 Pseudomonas putida 

(Pp) 
60d 51.62 

±3.40 
128.22 
±6.50 

65.42 
±4.16 

124.61 
±6.9 

9.59 
±0.42 

133.01 
±7.0 

13.61 
±1.01 

119.91 
±6.7 

7.44 
±0.44 

130.99 
±6.2 

1.30 
±0.10 

30d 30.1 
±1.05 

103.58 
±5.6 

29.98 
±2.21 

106.01 
±5.8 

4.1 
±0.22 

104.59 
±5.8 

7.96 
±0.41 

100.76 
±5.9 

4.24 
±0.18 

110.70 
±5.11 

0.68 
±0.05 Pseudomonas 

fluorecense (Pf) 
60d 42.01 

±1.49 
104.35 
±5.6 

55.17 
±2.54 

103.09 
±5.2 

8.15 
±0.41 

113.04 
±6.1 

11.38 
±0.89 

100.26 
±5.2 

6.92 
±0.42 

121.83 
±6.0 

1.21 
±0.13 

30d 47.07 
±2.62 

161.97 
±7.9 

40.56 
±1.98 

143.42 
±7.9 

5.72 
±0.25 

145.92 
±7.2 

12.51 
±0.62 

158.35 
±8.1 

5.77 
±0.19 

150.65 
±7.9 

0.89 
±0.07 Pseudomonas putida + 

Pseudomonas 
fluorecense (Pp+Pf) 60d 66.91 

±3.68 
166.19 
±8.0 

76.83 
±4.75 

146.34 
±7.5 

10.9 
±0.35 

151.18 
±7.5 

19.91 
±1.52 

175.42 
±9.2 

9.01 
±0.5 

158.63 
±6.11 

1.63 
±0.10 

30d 29.06 
±1.03 

100.0 
±5.01 

28.28 
±3.12 

100.0 
±5.2 

3.92 
±0.29 

100.0 
±5.2 

7.9 
±0.45 

100.0 
±5.11 

3.83 
±0.16 

100.0 
±6.0 

0.63 
±0.06 

Control 
60d 40.26 

±2.03 
100.0 
±4.90 

52.50 
±2.77 

100 
±4.8 

7.21 
±0.39 

100.0 
±5.9 

11.35 
±0.64 

100.0 
±6.12 

5.68 
±0.4 

100.0 
±6.22 

0.96 
±0.13 
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Table 4b.  Effect of s ingle Plant growth promoting 
rhizobacteria (Pp or Pf) and their mixed 
inoculation on tomato plant number of leaves 
and chlorophyll content. 

No. of 
leave/plant 

No. of Chlorophyll 
content 

(mg/g fresh wt.) 
Plant organs 

 
Bioagents and date  
of  application transplanting Mean % Mean % 

30d 13.3 
±0.95 

175.0 
±9.9 

4.79 
±0.12 

120.96 
±7.9 Pseudomonas 

putida (Pp) 
60d 30.2 

±1.87 155.27 
±8.11 5.64 

±0.30 120.77 
±7.1 

30d 8.0 
±0.67 

105.26 
±6.6 3.49 

±0.11 
100.76 

±6.2 Pseudomonas 
fluorecense (Pf) 

60d 23.0 
±2.16 118.25 

±7.0 4.55 
±0.40 105.32 

±6.2 

30d 14.4 
±0.52 

189.47 
±9.8 

5.57 
±0.17 

140.66 
±8.11 Pseudomonas 

putida + 
Pseudomonas 
fluorecense (Pp+Pf) 60d 31.9 

±2.13 164.01 
±9.22 6.69 

±0.39 154.86 
±8.11 

30d 7.6 
±0.70 

100.0 
±6.90 

3.96 
±0.11 

100.0 
±7.0 

Control 
60d 19.4 

±1.71 100.0 
±5.12 4.32 

±0.20 100.0 
±7.8 

Table 4c.  Effect of single (Pp or Pf) and mixed 
inoculation of Plant growth promoting 
rhizobacteria on number of f lowers and their 
development into tomato fruits (Yield, g/plant)  

No. of  
flowers / plant 

No. of  
fruits/plant 

Fruits  
(fresh 

wt./plant) 

Plant yield 
 

 
Bioagents  
and date of 
application  

M % M % M % 

16A 133.33A 12B 109.09B 31C 88.57C 

18A 150.0A 16AB 145.45A

B 36B 106.86B 

 
Pseudomonas 
putida (Pp) + 
Pseudomonas 
fluorecense (Pf) 21.0A 175.0A 18A 163.64A 42.0A 120.0A 

10B 83.33B 8B 72.72B 28C 80.00C 

12B 100.0B 10B 90.90B 30C 85.71C 

 
Pseudomonas 
putida (Pp) + 
Pseudomonas 
fluorecense (Pf) 14.9B 124.17B 12B 190.09B 36.0B 102.86B 

18A 150.0A 15A 163.63A 30C 85.71C 

20A 166.67A 17A 154.55A 36B 106.86B 
 

Pseudomonas 
putida (Pp) 

22.5A 187.5A 19A 172.73A 42.5A 121.43A 

Control 12.0D 100.0D 11B 100B 35.0B 100.0B 

Data with s imilar letter, at the same columns, are 
insignif icant.  

1: Fungal infected-tomato plant  
2: Bacterial infected- tomato plant 
3: Uninfected plant (Posit ive control) 

In general, the bacterization of tomato 
with mixture of the two PGPR showed the 

maximum enhancement effect than individual 
isolate. P. put ida  was found to be superior in 
enhancing growth parameters than P. 
f luorescens which showed no significant 
changes (Figs 2 & 3). 
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Fig. 2. Effect of different tomato roots-treatment 

with Plant growth promoting rhizobacteria either 
single or mixed on leaf spot disease incidence 
after infection with A. solan i  
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Fig. 3. Effect of different tomato roots-treatment with 

Plant growth promoting rhizobacteria either 
single or mixed on bacterial speck disease index 
af ter infection with P. Syringae  

DISCUSSION: 
Several strains of Pseudomonas spp. 

have been shown to produce wide range of 
anti fungal compounds including phenazine-1-
carboxylic acid (PCA), phenazine-1-
carboxamide (PCN), 2,4-
diacetylphloroglucinol (Phl) and pyoluteorin 
(Pl t) as reported by Chin et al. (2003). 
Bolwerk et al. (2003) have shown the 
dramatic effect of PCN on the inv itro  growth 
of F. oxysporum f. sp. radicis-lycopersic i that 
was expressed by several hyphal growth 
abnormal it ies and acceleration of the aging 
process. Deora et al. (2008) documented that 
Pseudomonas jessenii isolate EC-S101, an 
antagonistic rhizobacterium, induced 
morphological abnormalit ies such as topical 
swel ling and excessive lateral branching in 
phytopathogenic Pythium aphanidermatum 
hyphae as a result of radial growth inhibition 
in a dual culture assay. The rhizobacteria 
Pseudomonas chlororaphis  PCL1391 and 
Pseudomonas f luorescens WCS365 reduced 
growth, sporulati on, and conidial germinabil i ty 
of Colletotrichum lindemuthianum,  the causal 
agent of bean anthracnose (Bardas et al. , 
2009).  

The results of the present study 
revealed that the two isolates (P. f luorescens 
and P.  putida)  inhibi ted A. solani growth 
efficiently. P. f luorescens (inhibit ion zone 
diameter, 48mm) was more ef ficient than P. 
putida (inhibiti on zone diameter, 33mm) as 
anti fungal agent. Several isolates of 
Pseudomonas spp. are recorded by other 
workers to be effecti ve antagonistic agents 
(Deora et al. ,  2008). 

In the current study, the two bacterial 
isolates Pseudomonas put ida and P. 
f luorescens  were found to produce 
siderophores under iron-limiting conditions 
and form ferric-siderophore complex and 
make it unavai lable to other organisms 
causing iron starvation, the same result was 
stated by O’Sull ivan and O’Gara (1992).  
Previous studies indicated that iron starvation 

can cause growth inhibi tion, decrease in 
nucleic acid synthesis, inhibit ion of 
sporulation and change in cel l morphology of 
pathogenic fungi and bacteria in the 
rhizosphere (Muleta et al. , 2007). 

Concerning the interrelation between 
siderphores and plant growth, Bakker et al.  
(1986) found that, siderophore- negative 
mutant of P. f luorescens  strain WCS358 lost 
its abil i ty to promote the growth of potato. It 
has been suggested that siderophores cause 
induction of systemic resistance in plants 
(Leeman et al. 1996). The present study 
showed that HCN was produced by P. put ida 
and P. f luorescens. The cyanide ion derived 
from HCN is a potent inhibitor of many 
metalloenzymes, especially copper containing 
cytochrome c oxidases (Blumer and Haas, 
2000). Voisard et al. (1989) found that a HCN- 
mutant of P. f luorescens strain CHAO 
obtained by insertional inactivati on, lost its 
abil i ty to suppress black root rot of tobacco 
caused by Thie laviops is bas icola  and 
suggested that HCN produced by P. 
f luorescens  was contributed in suppression of 
black root rot.  It has been reported that 
transfer of hcn biosynthetic gene clusters to 
non-HCN producing Pseudomonas  strains 
increased their biocontrol acti vi ty against 
black root rot, as wel l as against the foli ar 
pathogens Septoria tr it ici and Puccinia 
recondite f.sp. tr it ic i in wheat (Flaishman et 
al.,  1996). 

 In this study P. put ida  and P. 
f luorescens  were negative for chi tinolytic 
activity,  these resul ts indicated that the 
antimicrobial act ivity of these two isolates 
depends on other mechanisms as production 
of siderophore and HCN or synergistic 
interaction of these two or with other 
inhibitory secondary metaboli tes rather than 
cell wall degrading enzymes, These results 
concur with those of Ahmed et al. (2008). 
Also, the present study indicated that P. 
putida has the abil ity to solubil ize phosphate 
whereas P. f luorescens showed negative 
results (Fig. 1). Phosphate solubi lizing 
bacteria increase availabi li ty of phosphorus 
(biofertil izer) to plants (Rodriguez et al. , 
2004). Many reports recorded plant yield 
increases due to phosphate solubi lizing 
bacteria in different crops as maize and other 
cereals (Afzal et al. ,  2005). Seed inoculation 
of maize (Zea mays  L. SC. 704) by phosphate 
solubi lizing Glomus intraradices  (AM)  and  
Pseudomonas f luorescens (Pf) enhanced 
plant growth, nutrient uptake, grain yield and 
yield components in maize plants (Ehteshami 
et al. ,  2007). 

Moreover, the results in this study 
revealed that both P. put ida and P. 
f luorescens  were able to produce ammonia, 
the produced ammonia increases available 
ni trogen in soi l as documented by Ahmed et 
al. (2008).  
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Furthermore, the present finding showed 
that both tested Pseudomonas spp  has the 
abil ity to produce IAA,  i n presence or in 
absence of tryptophan. These results agreed 
with those reported by Naik and Sakthivel 
(2006). Tryptophan and indole-3-acetamides 
are the key intermediates in the IAA 
biosynthesis pathways (Patten and Glick, 
2002). Auxin may increase plant growth 
through cel l enlargement, cell divi sion, root 
init iation, growth rate and apical dominance 
(Frankenberger and Arshad 1995). Mazumdar 
et al. (2007) reported that fluorescent 
Pseudomonas  isolated from rhizosphere of 
tea plants produced IAA-like substances 
which enhanced the growth of tea seedli ngs 
and increased total shoot and root biomass of 
1-year-old tea seedl ings. 

Endophytic bacteria colonize a broad 
spectrum of plant species and plant parts, it 
has been stated that all plants in nature 
harbor endophyt ic bacteria (Sturz et al. , 
2000). The viable bacterial cells of P. put ida 
in tomato roots was signif icantly greater than 
that of P. f luorescens 60 days after treatment 
(DAT) but not after 30 days, while the control 
was less than both. These results suggested 
that the bacterial population of P. put ida  
persisted more than P. f luorescens in the root 
system. In agreement of these results Ryu et 
a l. (2007) found that the populat ion dynamics 
of the two PGPR strains Bacillus subt ilis  
GB03 and B. amyloliquefaciens IN937a on 
Arabidops is roots did not stat isticall y dif fer 
unti l four weeks after sowing, suggesting that 
init ial bacterial colonization on the plant roots 
can play a critical role in sustaining the 
population. 

Rhizosphere colonizat ion i s considered 
to be a crucial step in the appl icati on of 
microorganisms or benefi cial purposes such 
as biofert il ization, bicontrol and 
phytoremediation (Lugtenberg et al. 2001). 
Colonizat ion of plant roots with certain 
rhizosphere bacteria promotes plant growth 
and induces long last ing systemic protection 
against a broad spectrum of plant pathogens 
(Rao, 2007). 

The present result s indicated that 
application of the bioagents signif icantl y 
improved al l measured growth parameters.  
The Maximum growth promotion was induced 
by applicat ion of the mixture of P. put ida  and 
P. f luorescens or P. put ida alone which 
increased number of f lowers and frui ts 
signif icant ly. The yield of tomato plants 
treated with a mixture of P. put ida and P. 
f luorescens increased by about 30% over 
control while P. f luorescens  did not induce 
signif icant increase compared to control. This 
might be due to that,  P. put ida was able to 
solubil ize phosphate, produced higher levels 
of IAA, also P. put ida was more efficient root 
colonizer. The present f indings verify that 
these microorganisms can interact positively 

in promoting plant growth, these results 
agreed with those of Ehteshami et al. (2007). 
In agreement with the present results, Trivedi 
and Pandey (2007) reported that, addition of 
insoluble phosphate to the inoculated soil 
significantly increased the growth parameters 
in all the cases.  Carlier et al. (2008) found 
that, inoculation of wheat (Trit icum sat ivum  
L.) with the rhizobacterium Pseudomonas 
chlororaphis subsp. aurant iaca  strain SR1 
resulted in signif icant increase in plant height, 
root length, weight of grains, number of 
spikes per plant and number of grains per 
spike.  Pseudomonas f luorescens  strain 
increased plant numbers, head numbers and 
signif icantly improved plant establishment and 
harvest yield in winter wheat (Amein et al. , 
2008).  

PGPR play a vital role in management of 
various fungal and bacterial diseases. The 
results obtained from greenhouse experiment 
demonstrated signif icant suppression of leaf 
spot and bacterial speck diseases in tomato 
plants previously treated with the two selected 
isolates either individually or in mixture.  For 
leaf spot disease, the mixture of P. put ida and 
P. f luorescens reduced disease severity to 
15% where it was 70% for control.  
Application of mixture of P. put ida and P. 
f luorescens caused the highest significantly 
suppression of both diseases compared to 
control .  Simi larly, Bashan and De-Bashan 
(2002) reported signif icant protection against 
bacterial speck disease in tomato after 
appl ication of Azospir il lum brasilense.  da 
Silva and Almeida (2008) evaluated five 
rhizobacterial strains for biological control of 
mult iple pathogens causing fol iar diseases in 
tomato plants including P. syringae  and A. 
solani  and observed  reduced disease 
intensity in plants microbiolized with 
rhizobacteria.  Wilson et al. (2002) reported 
that the non pathogenic bacteri a (P. syringae 
strains TLP2 and Cit7, P. f luorescens strain 
A506 and P. syr ingae pv. Tomato DC3000 hrp 
mutants) were found to reduce foliar bacterial 
speck disease severity in tomato. The current 
results proved that, bacteri zation of tomato by 
mixture of P. put ida and f luorescens gave the 
highest disease suppression compared to 
single t reatments, which was similar to data, 
reported in previous studies of Meziane et al.  
(2005).  The main mode of act ion includes 
combining biological control agents with 
antagonistic properties with those inducing 
systemic resistance in addition to the 
production of siderophores which contributed 
to suppression of pathogens the same was 
conducted by Bargabus et al. (2004) and   
Mathiyazhagan et al. (2004). 

In this study, treatment of tomato roots 
with rhizobacteria induced signif icant 
protecti on against the phylospheric pathogens 
A. solani and P. syr ingae the causal agents of 
leaf spot and bacterial speck diseases, 
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respectively that support the suggestion of 
systemic resistance and excluding the 
possibil ity of direct antagonism because of 

the spatial separation between rhizobacteri a 
in the rhizosphere and pathogens in the 
phyloplane. 
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