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ABSTRACT  14 
The effects of the fluorescent pseudomonad isolate CW2 on hyphae of Pythium ultimum 
(Trow) and Rhizoctonia solani (Kühn) and root colonization were studied in gnotobiotic 
systems under scanning electron microscopy (SEM). Results of SEM revealed that the 
frequency of bacterial colonization was higher in cucumber roots infested with the fungi than 
in healthy roots. Isolate CW2 caused irregular and abnormal fungal growth. Swellings and 
shrinkages of P. ultimum and R. solani hyphae were obvious when cucumber roots were 
drenched with CW2. SEM studies were also conducted to evaluate the effect of CW2 on 
hyphae of both fungi on PDA medium. The hyphae of P. ultimum and R. solani showed 
distinct morphological alterations and degradation compared to untreated healthy control 
hyphae of Pythium or Rhizoctonia which were slender and uniform in shape. The results 
provide direct evidence of bacterial attachment and colonization to fungal hyphae of both 
tested spp. and show that fungal growth to be significantly reduced in the presence of isolate 
CW2. 
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1. INTRODUCTION  21 
 22 
The application of microorganisms as biocontrol agents has been known for several decades 23 
[1]. Plant growth-promoting rhizobacteria (PGPR) promote plant growth following inoculation 24 
onto seeds or subterranean plant parts [2]. Microorganisms that can grow in the rhizosphere 25 
are ideal for use as biocontrol agents, since the rhizosphere provides the front-line of 26 
defense against pathogenic microbes [3,4,5]. There are several species of micro-organisms 27 
that have been tested as potential biocontrol agents of damping-off, including bacteria such 28 
as Pseudomonas spp. [6,7], Bacillus spp. and Streptomyces griseoviridis as well as fungi, for 29 
instance Trichoderma spp. (T. virens, T. harzinum), Gliocladium spp. and Pythium 30 
oligandrum [8]. 31 
 32 
Fluorescent pseudomonads are one group of rhizospheric bacteria that have been described 33 
as biological control agents and showed great promise with respect to protecting plant roots 34 
by reducing the incidence of fungal-induced diseases [9,10]. Fluorescent Pseudomonads 35 
produce versatile catabolic and secondary metabolites which include antifungal compounds. 36 
They have excellent root-colonizing abilities allowing them to be effective in the vicinity of 37 



 

plant roots. The soil-borne fluorescent pseudomonads have received special attention and 38 
emerged as the largest and potentially most promising group involved in biocontrol of plant 39 
diseases [1, 11,12]. 40 
 41 
Currently, Pseudomonas spp. are particularly suitable for applications as agricultural 42 
biocontrol agents since they: (1) can use many exudate compounds released by roots as a 43 
source of nutrients [13]; (2) are abundantly present in natural soils, in particular on plant root 44 
systems, which is indicative of their adaptative potential [14]; (3) have a high growth rate 45 
relative to many other rhizosphere bacteria; (4) possess diverse mechanisms by which they 46 
can exert inhibitory activity towards phytopathogens and thereby mediate crop protection 47 
[13, 14]; (5) are easy to grow in vitro; (6) can subsequently be reintroduced into the 48 
rhizosphere by seed bacterization [14]; (7) are susceptible to mutation and molecular 49 
manipulation techniques [15]; and (8) their growth temperatures are well suited to soil 50 
temperatures ranging from 10 to 35°C [16].  51 
 52 
In recent years, several studies were conducted to evaluate the efficacy of fluorescent 53 
Pseudomonad species against plant pathogens.  The fluorescent pseudomonad isolate CW2 54 
proved to a promising biocontrol agent against many pathogens including Pyhtium ultimum, 55 
Rhizoctonia solani [17], Fusarium oxysporum f. sp. Lycopersici [18]. The mechanism of action 56 
of the bacterium was studied intensively. The bacterium produces antibiotics such as 2,4-57 
diacetylphloroglucinol (DAPG) and other phenazine derivsative [17]. In addition, to that It was 58 
possible to apply the bacterium in combpination with chemical fungicides to control Pythium ultimum 59 
damping-off in tomato [19]. However little information is available about colonization of plant roots by 60 
this bacterium. The aim of this work was to provide direct evidence for the attachment and 61 
colonization of cucumber roots by the Pseudomonas fluorescens isolate CW2, in presence 62 
or absence of P. ultimum or R. Solani. In addition, the study aimed at assessing the ability of 63 
the antagonistic bacterial isolates to control the hyphal growth of both fungal spp. by the 64 
isolate CW2. 65 
 66 
2. MATERIAL AND METHODS  67 
 68 
2.1 Cultivation and maintenance of antagonistic fluorescent pseudomonads 69 
 70 
The antagonistic P. fluorescens isolate CW2 was obtained from the Institute of 71 
Phytomedicine, University of Hohenheim, Germany. Stock culture of the bacterium was 72 
prepared by growing the bacterium in 125-ml Erlenmeyer flasks containing 25 ml King’s B 73 
[20] liquid medium on a rotary shaker (150 rpm) for 20 h at 28°C. Isolates were stored as 74 
1ml-aliquots in 20% glycerol at - 80°C. 75 
 76 
2.2 Fungal isolates 77 
 78 
The oomycete Pythium ultimum (Trow) and Rhizoctonia solani (Kühn) were obtained from 79 
the Institute of Phytomedicine, University of Hohenheim. The fungi were grown on potato 80 
dextrose agar medium (PDA) at 22°C for 4 days. Stoc k cultures were stored at 4°C and 81 
subcultured routinely every 2 weeks. 82 
 83 
2.3 Effect of bacteria on mycelial growth of P. ultimum and R. solani  84 
 85 
Single 0.5 cm diameter agar disks grown with 4 days old P. ultimum or R. solani were 86 
transferred into 125 ml Erlenmeyer flasks containing 25 ml PDB and incubated on a rotary 87 
shaker at 110 rpm and 22°C. After 3 days of incubat ion, 0.1 ml of CW2 (1 × 109 cfu ml-1) was 88 
added to the fungal cultures and incubated for an additional 3 days. Mycelial dry weights 89 



 

were determined after filtration through preweighted Whatman # 1 filter paper and drying 90 
overnight at 80°C (modification of Nelson et al., 1 986) [21]. 91 
 92 
2.4 Colonization of cucumber roots by P. fluorescens 93 
 94 
To study the population size of the P. fluorescens isolate CW2, cucumber seeds were pre-95 
germinated between towel papers for two days. The germinated seedlings were then 96 
transplanted in 9-cm diameter pots filled with humosoil®: sand mixtures (2:1 v/v) and 97 
incubated under greenhouse conditions. For inoculation of the seedlings, the bacterium was 98 
grown for 24 h in KB medium at 28°C with shaking (1 50 rpm). Two methods of application 99 
were used. For soil drenching, bacterial suspensions (1 × 109 cfu ml-1; 30 ml pot-1) were 100 
poured over the soil of the pots of cucumber seedlings. For root dipping, the roots of 101 
germinated seedlings were soaked in 24 h old (1 × 109 cfu ml-1) bacterial suspensions for 30 102 
min before transplanting them in the pots. After different periods of time (1, 3, 7, 14 and 21 103 
days) roots of cucumber were washed gently under running tap water, cut into 1 cm long 104 
pieces and dipped in flasks containing 100 ml KB liquid medium [18]. After incubation for two 105 
hours at 28°C on a rotary shaker with 200 rpm, seri al dilutions were made from 1 ml of the 106 
KB suspension. 107 
 108 
100 µl of suspension were spread on solid NPC medium (KB medium plus Novobiocin 45.0 109 
mg L-1 Penicillin G 35.2 mg L-1 and Cycloheximide 75.0 mg L-1) prepared according to Sands 110 
and Rovira (1970) [22] and contains KB medium plus Novobiocin 45.0 mg L-1 Penicillin G 111 
35.2 mg L-1 and Cycloheximide 75.0 mg L-1) and incubated for 3 days at 28°C. Bacterial 112 
colonies were visualized under UV light at 360 nm. Colonies showing green fluorescence 113 
were counted. 114 
 115 
2.5 Effect of bacteria on P. ultimum and R. solani hyphae (scanning electron 116 
microscopy) 117 
 118 
Dual cultures of P. fluorescens isolate CW2 and P. ultimum or R. solani were grown in 9 cm 119 
Petri dishes containing PDA medium for 3 days at 22°C [17]. For scanning electron 120 
microscopy (SEM), 0.5 cm agar pieces with P. ultimum or R. solani were fixed with 121 
glutaraldehyde (4% w/v) in phosphate buffer (50 mM; pH 6.8) for 12 h at 4°C and rinsed 5 122 
times with the same buffer for 20 min. Samples were post fixed in osmium tetraoxide (1%) in 123 
phosphate buffer (50 mM; 6.8 pH) for 12 h at 4°C an d rinsed with phosphate buffer (4X, 15 124 
min each). After dehydration in graded acetone series, samples were critical-point dried, 125 
mounted on stubs, sputter-coated with gold-palladium, and observed using a Zeiss DSM100 126 
scanning electron microscope operating at 15 kV [23]. 127 
 128 
2.6 Interaction of the P. fluorescens isolate CW2 with P. ultimum and R. solani in the 129 
rhizosphere of cucumber seedlings 130 
 131 
A gnotobiotic system described by Simons et al. (1996) [24] was used in studying the 132 
interaction of CW2 with P. ultimum and R. solani. Briefly, cucumber seeds were surface 133 
sterilized by soaking in 1% (v/v) sodium hypochlorite for 5 min followed by five thorough 134 
rinses with sterile water. Seeds were then germinated between autoclaved Watman #1 filter 135 
paper in 9 cm diameter Petri dishes in the dark at room temperature. Germinated seedlings 136 
were planted in tubes filled with sand [24] before application of bacteria or fungi. One ml of 137 
bacterial suspension (cells of isolate CW2 from a 24 h culture in KB medium) was washed in 138 
plant nutrient solution (PNS) and adjusted to a concentration of 1 × 109 cfu ml-1. After two 139 
days of incubation, the tubes were infested with PDA disks grown with 4 day old P. ultimum 140 
or R. solani. Control experiments included untreated seedlings, seedlings treated with CW2 141 
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alone, and seedlings treated either with P. ultimum or R. solani. Tubes were then incubated 142 
at room temperature for three days. 143 
 144 
For SEM, plantlets were removed gently from the tubes and the roots were washed with 145 
water and sectioned in about 1 cm pieces. Preparation of SEM samples was carried out as 146 
mentioned above. 147 
 148 
 149 
2.7 Data analysis 150 
 151 
Statistical significances were computed with Xlstat (Adinosoft) using Tukey test after 152 
significant F-test (P = 0.05) of the analysis of variance (ANOVA). Means indicated with 153 
different letters are significantly different.  154 
 155 
 156 
3. RESULTS  157 
 158 
 159 
3.1 Root colonization 160 
 161 
The population sizes of CW2 reisolated from the rhizosphere of cucumber seedlings were 162 
slight higher but not significantly different (F= 9.74; df 9, 19; P< 0.001) between the root 163 
dipping and soil drenching methods (Fig. 1). The determined bacterial concentrations of 164 
CW2 were 6.6 and 5.9 log cfu g-1 root fresh weight, following root dipping and soil drenching, 165 
respectively. After 3 days of application as well as after 7 and 14 days, the bacterial number 166 
determined on roots did not differ between soil drenching and root dipping methods. After 167 
the third week of application, bacterial populations were significantly reduced in in cucumber 168 
roots after soil drenching and root dipping (Fig. 1). Significant reduction of bacterial 169 
concentration was recorded after 21 days of the experiment. 170 
 171 

 172 
Fig. 1. Comparison of root colonization of roots of cucumber plants by fluorescent 173 
pseudomonads isolates CW2. Bacterial suspensions (1 × 109 cfu ml-1) were applied either as 174 
root dipping or as soil drench. Data are represented as the log cfu/g root fresh weight. Bars 175 
represent standard errors (SE) 176 

177 



 

3.2 Effect of bacteria on mycelial growth 178 
 179 
Growth rate of P. ultimum and R. solani was not significantly different (F= 71.99; df 3, 19; P 180 
< 0.0001) after 3 days of incubation in PDB medium at 110 rpm and 24°C (Fig. 2). However, 181 
in the presence of P. fluorescens isolate CW2, the growth rate was significantly reduced. 182 
The percent of reduction of mycelial weight was 60.5 and 63.6 % for P. ultimum and R. 183 
solani respectively.  184 
 185 

 186 
Fig. 2. Effect of the fluorescent pseudomonads isolate CW2 (1 ×109 cfu ml-1) on mycelial 187 
growth of P. ultimum and R. solani in liquid PDB medium. The experiment was done in 188 
triplicates and repeated three times. Data with different letters are significantly different after 189 
Tukeys HSD test using ANOVA at P < 0.05. Bars represent standard errors (SE) 190 
 191 
 192 
3.3 Scanning electron microscope studies (SEM)  193 
These studies were carried out using the P. fluorescens isolate CW2. The effect of the 194 
bacterial isolate has been studied on mycelial growth of P. ultimum and R. solani in dual 195 
cultures on PDA medium. The interaction of this bacterial isolate with P. ultimum and R. 196 
solani in cucumber rhizosphere was conducted in a gnotobiotic system as described in 197 
Simons et al. (1996) [24]. Results are detailed below:  198 
 199 
 200 
3.3.1 Effect of CW2 on P. ultimum 201 
 202 
SEM examinations of P. ultimum hyphae, three days after co-culture with CW2 on PDA 203 
medium showed irregular mycelial morphology of P. ultimum (Fig. 3). Untreated Pythium 204 
hyphae (Fig. 3a) were slender, smooth, parallel, little or no tip branching, and uniform in 205 
shape. However, in the presence of  isolate CW2 hyphae exhibited irregular swellings, rough 206 



 

surface, curling of hyphal tips and loss of apical growth, increased tip branching (Fig. 3b) 207 
with shorter and swollen hyphal cells (Fig. 3c). 208 
 209 

 210 
 211 

  212 

  213 

Fig. 3. Scanning electron micrographs showing hyphae of P. ultimum after three days of co-214 
cultivation with fluorescent pseudomonads isolate CW2. (a) Normal growth in the absence of 215 
CW2 (control). (b) Irregular mycelial shape and increased branching at the hyphal tips in the 216 
presence of cells of CW2. (c) Magnification of b. (d) Shrinkage of hyphae. Samples were 217 
taken from inhibition zones 218 

 219 
 220 
3.3.2 Effect of CW2 on R. solani 221 
 222 
Untreated control R. solani hyphae were slender, well septated, uniform in shape and the 223 
hyphal tip was round shaped (Fig. 4a). Isolate CW2 also affected shape and growth of R. 224 
solani hyphae (Fig. 4). CW2 caused irregular shrinkage of hyphae and increased lateral 225 
branching (Fig. 4b). In addition increased septation was observed near the hyphal tips which 226 
have a pin-like shape (Fig. 4c). 227 
 228 
3.4 Interaction of CW2 with P. ultimum and R. solani in cucumber rhizosphere  229 
 230 
SEM micrographs showed that CW2 was able to colonize cucumber roots (Fig. 5a-i). As 231 
shown in Figure 4, CW2 was distributed as single cells on the root surface and many cells 232 
were found in the grooves between epidermal cells of cucumber roots (Fig. 5d). Three days 233 
after infestation with Pythium or Rhizoctonia, cucumber roots were highly colonized with 234 

c 
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CW2. The bacteria were found in high numbers and it was shown that mycelia of both fungi 235 
were affected by the bacterial cells. Shrinkage of hyphae and irregular mycelial shapes were 236 
prevailing in the presence of CW2-cells (Fig. 5f-i). On the other hand, normal hyphae of P. 237 
ultimum and R. solani were observed in the absence of the bacteria (Fig. 5b-c). The hyphae 238 
of both fungi were severely affected by the CW2 isolate; the bacterial cells were attached to 239 
the hyphae and formed a dense colonization pattern on the hyphoplane (surface of hyphae) 240 
of P. ultimum and R. solani (Fig. 5 e- i). 241 
 242 

  243 

 244 

Fig. 4. Scanning electron micrographs showing hyphae of R. solani after three days of co-245 
cultivation with the fluorescent pseudomonads isolate CW2. (a) Normal growth in the 246 
absence of CW2 (control). (b) Irregular hyphal shape and increased lateral branching in the 247 
presence of isolate CW2. (c) Pin-like shaped hyphal tip. Samples were taken from inhibition 248 
zones 249 
 250 
 251 
DISCUSSION 252 
 253 
For a strain which acts via antibiosis one may assume that proper colonization is needed to 254 
deliver antifungal compounds along the entire root system [14]. Root colonization by 255 
biocontrol agents and more specifically fluorescent pseudomonads is critical for the 256 
expression of their beneficial effects. The survival kinetics of introduced bacteria is a 257 
dynamic function of root growth and differentiation on one hand, and bacterial growth and 258 
death on the other. Therefore, bacterial distribution along a root system is expected to vary 259 
according to space and time. Variation in bacterial densities along host roots has been 260 
assumed to follow the patterns of exudates and their concentrations. According to Gamalero 261 
et al. (2004) [25], the proportion of culturable bacteria is expected to be affected by the 262 
concentration and composition of root exudates. 263 
 264 
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It was found that CW2 isolate was able to colonize cucumber roots as revealed by 265 
enumeration of the total cfu. Total cfu g-1 root fresh weights of cucumber were determined 1, 266 
3, 7, 14 and 21 days after treatment with bacteria either by soil drenching or seed treatment. 267 
However, the method is relatively elaborate, time consuming and does not provide a 268 
representative visual depiction of spatial colonization patterns relative to the host plant root 269 
[26]. These studies typically have been limited to a description of a given bacterial strain as 270 
populations per entire root system or as populations on root segments from specific regions 271 
of the root system [27]. 272 
 273 
 274 
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 282 
Fig. 5. Scanning electron micrographs showing an effect of the interaction of the fluorescent 283 
pseudomonad (arrows) isolate CW2 with P. ultimum and R. solani in the rhizosphere of 284 
cucumber plants. (a) control un-treated cucumber roots; (b) cucumber roots inoculated with 285 
P. ultimum; (c) cucumber roots inoculated with R. solani; (d) cucumber treated with isolate 286 
CW2; (e) cucumber roots inoculated with P. ultimum and treated with isolate CW2; (f) 287 
magnification of e; (g) cucumber roots inoculated with R. solani and treated with cells of 288 
CW2: (h) magnification of g; (i) magnification of h 289 
 290 
 291 
Colonization may involve simply root surface development but, endophytic colonization of the 292 
root is also known, and the degree of endophytic colonization depends on bacterial strain 293 
and plant type [4]. When colonizing a root environment, an organism is confronted with a 294 
complex array of parameters such as water content, temperature, pH, soil types, 295 
composition of root exudates, mineral content, microorganisms, and other factors [12]. 296 
Evidence of colonization are provided by EM as seen in Figure 5 where bacterial cells 297 
appear as colonies rather than being evenly and randomly distributed along the hyphae 298 
which offers a reasonable explanation for the increased bacterial numbers associated with 299 
cucumber roots in the presence of the fungal pathogen. It is also consistent with the views of 300 
Gamalero et al. (2004) [25]; the proportion of culturable bacteria is expected to be affected 301 
by the concentration and composition of root exudates. 302 
For the detection of the pseudomonads on the surface of the cucumber roots, scanning 303 
electron microscopy (SEM) was used. SEM offers the advantage to detect local interactions 304 
and/or the adhesion places of the bacteria directly on the roots [28,29]. SEM investigations 305 
showed that the CW2 isolate formed micro-colonies at furrow-like site on the root surface. 306 
Similar observations were made also by Brown and Beringer (1983) [30] and Chin-A-Woeng 307 
et al. (1997) [29] using other root-colonizing bacteria. 308 
 309 
It is obvious from SEM studies that the bacteria may have more than one control mechanism 310 
against P. ultimum and R. solani. It was shown that the bacterium was able to colonize 311 
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fungal hyphae. Lysis, swelling and increased branching of the fungal hyphae were noticed in 312 
dual cultures of bacteria and fungi grown on PDB medium (light microscopy data are not 313 
shown). 314 
 315 
Multiple mechanisms of biocontrol have been described in some fluorescent pseudomonads 316 
strains [9]. Modes of action include: inhibition of the pathogen by antimicrobial compounds 317 
(antibiosis), competition for iron through production of siderophores, competition for 318 
colonization sites and nutrients supplied by seeds and roots; induction of plant resistance 319 
mechanisms, inactivation of pathogen germination factors present in seed or root exudates, 320 
degradation of pathogenicity factors of the pathogen such as toxins, parasitism that may 321 
involve production of extracellular cell wall-degrading enzymes, for example, chitinase and ß-322 
1,3-glucanase that can lyse pathogen cell walls [4]. 323 
 324 
The most commonly reported mechanisms of biocontrol by fluorescent pseudomonads 325 
species include production of antibiotics, hydrogen cyanide (HCN), lytic exoenzymes, 326 
competition for iron mediated by siderophores, competition for carbon and induced systemic 327 
resistance [9]. 328 
In conclusion the capacity of P. fluorescens isolate CW2 to colonize the mycelia of 329 
phytopathogens used in this study and possibly other similar phytopathogenic fungi, allowing 330 
them to release their anti-fungal agents directly in the vicinity of the fungus maximizing its 331 
effect. Therefore, plants benefit from the protective advantage imparted by pseudomonads 332 
similar to CW2. The efficaciy of field applications of these biocontrol agents is being 333 
determined in field applications on Cucumber.  334 
 335 
 336 
 337 
ACKNOWLEDGEMENTS 338 
 339 
The financial support of the German Academic Exchange services is highly acknowledged 340 
and appreciated. The authors deeply appreciate the efforts of Prof. H. Buchenauer, Institute 341 
of Phytomedicine (360), University of Hohenheim, Otto-Sander-Str. 5, D-70599 Stuttgart, 342 
Germany for supervising this work. 343 
 344 
 345 
REFERENCES 346 

1. Weller DM. Biological control of soilborne plant pathogens in the rhizosphere with 347 
bacteria. Annu Rev Phytompathol. 1988; 26: 379–407. 348 

2. Mavrodi OV, McSpadden GBB, Mavrodi DV, Bonsall RF, Weller DM and 349 
Thomashow LS. Genetic diversity of phlD from 2,4-diacetylphloroglucinol-producing 350 
fluorescent Pseudomonads spp. Phytopathology. 2001; 91: 35–43. 351 

3. Bolwerk A, Lagopod AL, Wijfje AHM, Lamers GEM, Chin-A-Woeng TFC, Lugtenberg 352 
BJJ and Bloemberg GV. Interactions in the Tomato Rhizosphere of Two 353 
Pseudomonas Biocontrol Strains with the Phytopathogenic Fungus Fusarium 354 
oxysporum f. sp. radicis-lycopersici. Mol Plant Microbe In. 2003; 16 (11): 983–993. 355 

4. Whipps JM. Microbial interactions and biocontrol in the rhizosphere. J Exp Bot. 356 
2001; 52: 487-51. 357 

5. Favrin RJ, Rahe JE and Mauza B. Pythium spp. associated with crown rot of 358 
cucumbers in British Columbia greenhouses. Plant Dis. 1988; 72: 683–687. 359 

6. Benhamou N, Gagné S, Quéré DL, Dehbi L. Bacterial-mediated induced resistance 360 
in cucumber: beneficial effect of the endophytic bacterium Serratia plymuthica on the 361 
protection against infection by Pythium ultimum. Phytopathology. 2000; 90: 45–56. 362 



 

7. Howell CR and Stipanovic RD. Suppression of Pythium ultimum-inducing damping-363 
off of cotton seedlings by Pseudomonas fluorecens and its antibiotic pyoluteorin. 364 
Phytopathology. 1980; 70: 712–715. 365 

8. Georgakopoulos DG, Fildaman P, Leifert C and Malathrakis, N.E. Biological control 366 
of cucumber and sugar beet damping-off caused by Pythium ultimum with bacterial 367 
and fungal antagonists. J Appl Microbiol. 2002; 92: 1078–1086. 368 

9. De La Fuente L, Tomashow L, Weller D, Bajsa N, Quagliotto L, Chernin L and Arias 369 
A. Pseudomonas fluorescens UP61 isolated from birdsfoot trefoil rhizosphere 370 
produces multiple antibiotics extracts and exerts a broad spectrum of biocontrol 371 
activity. Eur J Plant Pathol. 2004; 110: 671–681. 372 

10. Andersen JB, Koch B, Nielsen TH, Sørensen D, Hansen M, Nybroe O, 373 
Christophersen C, Sørensen J, Molin S and Givskov M. Surface motility in 374 
Pseudomonas sp. DSS73 is required for efficient biological containment of the root-375 
pathogenic microfungi Rhizoctonia solani and Pythium ultimum. Microbiology. 2003; 376 
149: 37–46. 377 

11. Walsh UF, Morrissey JP and O’Gara F. Pseudomonas for biocontrol of 378 
phytopathogens: from functional genomics to commercial exploitation. Curr Opin 379 
Biotech. 2001; 12: 289–295. 380 

12. O’Sullivan DJ and O'Gara F. Traits of fluorescent Pseudomonas spp. involved in 381 
suppression of plant root pathogens. Microbiol Rev. 1992; 56 (4): 662–676. 382 

13. Lugtenberg BJJ, Kravchenko LV and Simons M. Tomato seed and root exudate 383 
sugars: composition, utilization by Pseudomonas biocontrol strains and role in 384 
rhizosphere colonization. Environ Microbiol. 1999; 1 (5): 439–46 385 

14. Chin-A-Woeng TFC, Bloemberg GV and Lugtenberg BJJ. Phenazines and their role 386 
in biocontrol by Pseudomonas bacteria. New Phytol. 2003; 157: 503–523. 387 

15. Haas D and Keel C. Regulation of antibiotic production in root-colonizing 388 
pseudomonas spp. and relevance for biological control of plant disease. Ann Rev 389 
Phytopathol. 2003; 41: 117–153. 390 

16. Polymenakou PN and Stephanou EG. Effect of temperature and additional carbon 391 
sources on phenol degradation by an indigenous soil Pseudomonad. 392 
Biodegradation. 2005; 16(5): 403-13. 393 

17. Salman M. Determination of Antibiotic Activity on Plasmids from fluorescent 394 
Pseudomonads isolates CW2, WB15 and WB52 against pre emergence damping-off 395 
caused by Pythium ultimum and Rhizoctonia solani in cucumber. Biol Control. 2010; 396 
53 (2); 161–167. 397 

18. Fakhouri W and Buchenauer H. Characteristics of fluorescent pseudomonad 398 
isolates towards controlling of tomato wilt caused by Fusarium oxysporum f. sp. 399 
lycopersici. J Plant Dis Protect, 2003; 110: 143–156. 400 

19. Salman M and Abuamsha R. Potential for integrated biological and chemical control 401 
of damping-off disease caused by Pythium ultimum in tomato. BioControl 2012; 57 402 
(5): 711-718. 403 

20. King EO, Ward MK and Raney DE. Two simple media for the demonstration of 404 
pyocynin and fluorescin. J Lab Clin Med. 1954; 44: 301–307. 405 

21. Nelson EB, Chao WL, Norton JM, Nash GT and Harman GE. Attachment of 406 
Enterobacter cloacae to hyphae of Pythium ultimum: Possible role in the biological 407 
control of Pythium preemergence damping-off. Phytopathology. 1986; 76: 327–335. 408 

22. Sands DC and Rovira AD. Isolation of Fluorescent Pseudomonads with a selective 409 
medium. Applied Microbiology. 1970; 20(3): 513-514. 410 

23. Kang Z, Huang L and Buchenauer H. Ultrastructural and cytochemical studies off 411 
effects of the fungicide metconazol on Fusarium culmorum in vitro. J Plant Dis 412 
Protect. 2001; 108 (4): 419–432. 413 



 

24. Simons M, ven der Bij AJ, Brand I, de Weger AL, Wijffelman CA. and Lugtenberg 414 
BJJ. Gnotobiotic system for studying rhizosphere colonization by plant growth-415 
promoting Pseudomonas bacteria. Mol Plant-Microbe In. 1996; 9 (7): 600–607. 416 

25. Gamalero E, Lingua G, Capri FG, Fusconi A, Berta G and Lemanceau P. 417 
Colonization pattern of primary tomato roots by Pseudomonas fluorescens A6RI 418 
characterized by dilution plating, flow cytometry, fluorescence, confocal and 419 
scanning electron microscopy. Fems Microbiol Ecol. 2004; 48 (1): 79–87. 420 

26. Misaghi IJ. Screening bacteria for root colonizing ability by a rapid method. Soil. Biol 421 
Biochem. 1990; 22 (8): 1085–1088. 422 

27. Roberts DP, Kobayashi DY, Dery PD and Short JNM An image analysis method for 423 
determination of spatial colonization patterns of bacteria in plant rhizosphere. Appl 424 
Microbiol Biot. 1999; 51: 653–658. 425 

28. Dandurand LM, Schotzko DJ and Knudsen R. Spatial patterns of rhizoplane 426 
populations of Pseudomonas fluorescens. Appl Environ Microb. 1997; 63 (8): 3211–427 
3217. 428 

29. Chin-A-Woeng TFC, de Priester W, Van Der Bij AJ and Lugtenberg BJJ. Description 429 
of the colonization of a gnotobiotic tomato rhizosphere by Pseudomonas fluorescens 430 
biocontrol strain WCS365, using scanning electron microscopy. Mol Plant Microbe 431 
In. 1997; 10 (1): 79–86. 432 

30. Brown ME and Beringer JE. The potential of antagonists for fungal control. Agr 433 
Ecosyst Environ. 1983; 10 (2): 127–141. 434 


