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Abstract 

Verticillium wilt disease caused by Verticilium dahliae Kleb. is a major problem on cotton 
growing areas in Turkey. In the present study efficient differentiation by molecular markers on  
fluorescent Pseudomonas strains with antagonistic properties have been evaluated and tested in order 
to determine a possible correlation between their genetic diversity and the antagonistic effects to V. 
dahliae. Therefore, twelve RAPD markers showing high polymorphism ratios within  fluorescent P. 
strains have been selected. The selected RAPD primers resulted in discrimination on selected 
antagonistic strains, displaying significant correlation with their antagonistic effects on suppressing 
Verticilium dahliae. Therefore the fragments produced after priming with selected RAPD markers can 
be suggested as a marker in selecting the effective antagonistic  fluorescent P. strains to V. dahliae. 
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Introduction 

 
Verticillium wilt, caused by Verticillium dahliae Kleb. is one of the most important 

disease, resulting in great economic losses in many crops (TJAMOS & al. [1]). Turkey is the 
first country ranked in the top ten organic cotton producing countries in the world. A 
substantial increase in organic cotton production has been observed in the world and 12.507 
metric tons of organic cotton production was recorded in 2007. Aydın province is also the 
second-largest organic cotton producer in Turkey. Therefore efficient control of the pathogen 
is required to minimize crop losses, which directly affects textile industry of the country. The 
use of biological control agents shows increasement and the control of soil borne pathogens 
by alternative methods becomes a prominent preoccupation since sustainable and organic 
agriculture are mainly considered.  

The recent approaches to control Verticillium wilt disease is the rhizobacteria-
mediated biological control and the method has also been successfully applied for controlling 
V. dahliae (BERG & al.  [2]; TJAMOS & al. [3]; ÇUBUKÇU and BENLIOGLU [4]; 
ERDOĞAN and BENLIOĞLU [5]). Furthermore (RhizoStar®) strain, Serratia plymutica 
(HRO-C48) isolated from the rhizosphere of oilseed rape has been reported as an effective 
registered biopesticide resulting in effective control of Verticillium wilt on strawberry 
(KURZE & al. [6]). 

Recently, Verticillium wilt symptoms delaying by root treatments of olive plants 
with selected P.fluorescens isolates has also been reported by MERCADO-BLANCO & al. 
[7]. Molecular techniques based on genomic DNA have extensively been used for analysis of 
genetic diversity. When the reproducibility can stablly be rendered with replications by the 
same primers, Random Amplified Polymorphic DNAs (RAPDs) is also confidentally used 
since it is a fast, cheap and easy method in mapping and characterization. One prominent 
advantage of the RAPD is that it can easily be applied and employed on antagonistic gram (-) 
and gram (+) bacteria (CIRVILLERI & al. [8]; BAYSAL & al. [9]). 
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The objective of this research was to determine a possible correlation between 
molecular diversity within Pseudomonas fluorescens strains and their antagonistic effect to 
Verticillium dahliae on cotton, by molecular markers.  

 
Materials and Methods 

 
Dual tests carried out in vitro: 59 bacterial isolates were tested for their ability to 

produce antifungal substances against V. dahliae using a dual-culture in vitro assay on PDA 
plates. Each plate was inoculated with 4 droplets of 10 µl bacterial suspension (at a 108 cfu/ml 
concentration) symmetrically placed on four sites at equal distances (2 cm) from the center of 
plate. After 24 h incubation at 24 oC, a single 5-mm-diameter mycelial disc was placed in the 
center. As a control, a disc of V. dahliae was grown on a PDA plate. The radius of each 
fungal colony was measured after a 10-day incubation at 24 oC in darkness, and the relative 
growth inhibition was expressed as a percentage [(treatment–control)/control x 100]. This 
experiment was conducted twice in three replicates. 

Genomic DNA extraction from P. flourescens isolates: DNA was isolated and 
subjected to RAPD analysis. Genomic substraction was performed for tester strains. DNA 
was extracted from bacterial cultures grown in Nutrient Broth. After 24 h, 50 mL of culture 
was removed and centrifuged at 3000 × g for 5 min, after which the cells were washed in 0.85 
% NaCl solution, re-centrifuged and resuspended in 2 mL of TE buffer (100 mM EDTA; 150 
mM NaCl; 100 mM Tris-HCl, pH = 8.0) containing 4 mg mL-1 lysozyme. The suspension 
was incubated at 37°C for 45 min and 0.5 mL of 8.5% SDS was added, followed by 
incubation at 75°C for 30 min before the addition of 1.5 mL of potassium acetate (5 M, 
pH=5.2) and incubated for 20 min at 4°C. The DNA was extracted with chloroform: 
isoamylalcohol (24:1), precipitated with ice-cold isopropanol, washed with 70 % ethanol, 
briefly dried and re-suspended in 200 µL of TE buffer. The concentration of DNA was 
measured using a Biowave S2100 Diode Array spectrophotometer and stored at -20°C until 
further use.  

RAPD-PCR analysis: PCR reactions were performed in 15 μl volume containing 20 
ng DNA, 1,5 μl buffer, 2 mM MgCl2, 0.1 mM dNTPs, 0.6 U Taq polymerase (Biorun, 
Nantes, France), 3–10 μM primer. The primers resulting in clearly polymorphism have been 
selected. Primer and their sequences used in this study are presented in  Table 1.  PCR 
reaction condition for RAPD primers: 94°C for 3 min, 35 cycles of 94 °C for 1 min, 38 °C for 
45 s, 72 °C for 1 min and 72 °C for 10 min. PCR products were separated on a 1.5 % agarose 
gel and visualized with ethidium bromide staining under ultraviolet light, and photographed 
with a Kodak Gel Logic 200 system. 
Table 1. Primers and their sequences used in discrimination of Pseudomonas flourescens isolates. 

Primer name Sequence (5'-3') 
OP-A-01  CAGGCCCTTC 
OP-A-09  GGGTAACGCC 
OP-A-11  CAATCGCCGT 
OP-E-02  GGTGCGGGAA 
OP-E-04  GTGACATGCC 
OP-F-06  GGGAATTCGG 
OP-G-19  GTCAGGGCAA 
OP-H-19  CTGACCAGCC 
OP-T-04  CACAGAGGGA 
OP-T-07  GGCAGGCTGT 
OPM-20 AGGTCTTGGG 
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Scoring and Data Analysis:  The RAPD fragments were scored as present (1) or 
absent (0) and the genetic relationship among populations was calculated using the similarity 
coefficient of Nei and Li [10]. A dendrogram was constructed using NTSYS (Numerical 
Taxonomy and Multivariate Analysis System) developed by ROHLF [11]. Amplified bands 
from each primer were scored as present (1) or absent (0). Only those bands showing 
consistently were considered; smeared and weak bands were excluded from the analysis. 
Dice’s coefficient of similarity (Dij) was determined between each pair of strains. Dice’s 
coefficient has been recommended for the evaluation of genetic similarities when using 
RAPD data (Lamboy, [12]). Genetic dissimilarity (GD) was calculated as GD = 1 - Dij. The 
estimates of similarity between strains were used for cluster analysis by the unweighted pair 
group method with arithmetic average (UPGMA; SNEATH and SOKAL [13]) using the 
NTSYS package version 2.02 for Windows (ROHLF [14]). 
 
Results 

 
The results indicated a strong correlation between the inhibitory effect of FP isolates 

and genetic variation. The origin of FP isolates and their inhibitory effect to V. dahliae (VD-
11) is presented  in Table 2. 15 FP isolates having different origins showed inhibitory effect 
by (>% 40) on Verticillium dahliae. The  highest inhibition was 56.0 % obtained by FP5 
(Portulaca sp. from Nazilli) and FP35 (Convolvulus arvensis from Söke) in dual cultures 
performed in in vitro conditions. Fluoresan Pseudomonas isolates which were collected from 
rhizosphere of Portulaca sp., Convolvulus arvensis, Solanum nigrum, that were the hosts of 
the pathogen, displayed high inhibitory effect to V. dahliae isolated from different cotton 
fields. The inhibitory effect of Fluoresan pseudomonas isolates collected from weeds were 
significantly higher than isolates collected from cotton rhizophere.  
Table 2. Inhibitory effect of Pseudomonas flourescens isolates to V.dahliae (VD-11) in dual culture tests. 

Isolates Origin Region In vitro inhibition (%) 
FP 1 Chenopodium album Nazilli 48.5 
FP 5 Portulaca sp. Nazilli 56.0 
FP 11 Portulaca sp. Söke 50.0 
FP 12 Gossypium hirsutum (cv BA 119) Söke 43.9 
FP 15 Solanum nigrum Çine 53.0 
FP 18 Gossypium hirsutum (cv Carmen) Çine 45.0 
FP 21 Solanum nigrum Koçarlı 53.0 
FP 22 Xanthium strumarium Koçarlı 48.5 
FP 23 Portulaca sp. Koçarlı 43.9 
FP 25 Chenopodium album Aydın Merkez 43.9 
FP 29 Portulaca sp. Aydın Merkez 53.0 
FP 30 Gossypium hirsutum (cv Carmen) Aydın Merkez 43.9 
FP 35 Convolvulus arvensis Söke 56.0 
FP 39 Sinapis sp. Çine 50.0 
FP 53 Gossypium hirsutum (cv Giza 45) Nazilli 40.1 
Control 00.0 

 
The genetic relationship among all RAPD patterns of FP isolates based on the 

combination of data obtained with the selected primers is represented in the dendrogram 
shown in Figure 1. The isolates displaying high inhibition to pathogen were classified and 
discriminated by selected RAPD markers and Rohlf similarity index was calculated. 
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The RAPD profiles were compared by numerical methods and the dendrogram 
revealed genetic diversity (Fig. 1). Cluster analysis resulted in two main cluster groups 
designated 1 and 2. Most of the strains were exclusively grouped under subclusters, 3, 4, 5, 
and cluster 6 (Fig. 2). Cluster analysis also distinguished FP strains belonging to antagonistic 
group under subcluster 3-6.  On the whole, grouping of isolates based on RAPD profiles was 
partially correlated with strain origin. The first cluster consisted of two sub- groups, one 
including 11, 14 and 15 FP isolates and a second sub-group including 3, 4, 5, 1 and 2 FP 
isolates respectively. The second group was clustered with two sub-groups. The first sub-
group included 6, 7 and 8 FP isolates and the second sub-group contained 9, 10, 12 and 13 FP 
isolates respectively.  

 
Figure 1. RAPD profiles amplified from DNA of FP (1-15) isolates analyzed using both primer OPM 20 and 
OPA 11 M: Gen Ruler Fermantas 100-1000 bp. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Dendrogram showing the genetic relationships among 15 P. flourescent isolates based on RAPD 
analysis.  

The highest similarity index was between isolates 9 and 10, whose origins were 
Koçarlı and Aydın provinces. The isolates collected from weeds (common purslane and 
nettleleaf goosefoot) showed the similar effect on pathogen inhibition. Although origins of the 
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isolates collected from broad-leaf weeds showed differences, they had similar effect in dual 
culture tests. FP isolates 2 and 3 have similar origins and they have been isolated from the 
common purslane rhizosphere in Nazilli and Söke. Inhibition ratio of isolate 2 and 3 was 
above 50 % in dual culture tests. Although isolates 7 and 8 have showed similarity which is 
more than 60 %. However, they were isolated from different weeds. It is clear that although 
the isolate seems different in view of their host plants, the isolates showing similar inhibition 
on pathogen growth presented genetic similarity.  The high genetic similarity of isolates 
collected from the same weed species is an expected result.   

There was partially clear-cut relationship between clustering in the RAPD 
dendrogram and geographic origin, host genotype of the tested isolates, with a few 
exceptions. The similarity percent of each group oscillated between 40 and 87 %. The RAPD 
results analysis showed great genetic diversity among the FP isolates. 
 
Discussion 

 
This study clearly presents a high correlation between genetic similarity and 

inhibitory effect of the isolates as biological control agents. Therefore the study can be 
suggested as an effective tool for discrimination of isolates to be tested against V. dahliae 
Kleb. On the other hand, to rapidly selection of effective antagonistic isolates, once the 
fragments produced with amplification of selected RAPD primers are considered, these 
fragments can be sequenced and converted to SCAR markers. In another study, 29 fluorescent 
Pseudomonas tested to P. ultimum showed genetic diversity that was confirmed with their 
fatty acid profiles and RFLP analysis of the ribosomal DNA operon (ribotyping) (ELLIS & al. 
[15]). P. fluorescens strains were also classified by PCR–RAPD analysis, since biochemical 
methods limits their differentiation (RAMESH KUMAR & al. [16]). 

The cotton is a high value crop grown in the western and south parts of Turkey. P. 
fluorescent are gram (-) bacteria epiphytically colonizing  the foliage and rhizophere of the 
plants. A strain of P. fluorescens displaying inhibition on Rhizoctonia solani, T. basicola, 
Alternaria sp. and Verticillium dahliae growth has been asociated with antibiotic 
(pyrrolnitrin) production (HOWELL and STIPANOVIC [17]). Therefore P. fluorescens and 
its pyrrolnitrin has been tested in infested soil with R. solani by pre-plant treatment of seeds, 
this  treatment resulting in cotton seedling survival, which was increased from 30 to 79%. P. 
aeruginosa, P. putida, P. fluorescens ve P. syringae are common and particularly colonize on 
young roots and rootlet of the plants. P. fluorescens  suppresses soil borne pathogens by 
competion (nutrient and place), antibiosis (2,4,5-chlorophenoxy asetic acid, pyrrolnitrin ve 
pyoluteorin) and results in induced systemic resistance on plants (BUYSENS & al. [18]; 
ZHANG & al. [19]; ZEHNDER & al.  [20]; VIDYASEKHARAN & al. [21]; WALSH & al.  
[22]) with PGPR effects which positively stimulate plant growth (ENEBAK & al.  [23]; 
WELLER [24]; GÖRE and ALTIN [25]).  

The production of antimicrobial agents in soil is influenced by several environmental 
factors such as soil chemistry and microbial population. For example, presence of Zn2+ in soil 
increases the production of Phenazine (PCA)16 and low temperature (12°C) influences 
production of 2,4-diacetyl phloroglucinol (DAPG) by Pseudomonas sp. (NOWAK-
THOMPSON & al. [26]). P. fluorescenst has competion with other microorganisms, 
inhibiting penetration of pathogen microorganism through the root surface. Moreover, the 
pathogen fungi spores have suffered from F+3 defficieny and their germination was inhibited 
(BORA & al. [27]). 

Environmental P. aeruginosa isolates have been considered as potential biological 
control agents or inducers of systemic acquired resistance and also some strains have been 
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reported as plant-growth promoting rhizobacteria (ANJAIAH & al. [28]; BANO and 
MUSARRAT [29]). Population dynamics of antibiotic-producing Pseudomonas fluorescens 
are believed to play a significant role in soil suppressiveness (MCSPADDEN GARDENER & 
al. [30]). 

A similar study on antagonistic P. fluorescens bacteria used to control of Verticilium 
wilt of strawberry in in vitro conditions has been reported (BERG and BALLIN [31]). In 
another study carried out on inhibitory effect of P. fluorescens on Pythium carolinianum on 
corn and cotton fields the control possibilities of the disease by the antagonistic isolates have 
also been informed (ABDELZAHER and ELNAGHY [32]). P. fluorescens isolates were 
tested to V. dahliae Kleb. and some of the prominent isolates showing inhibitory effect on 
dual culture tests have resulted in succesfully control of the disease in cotton fields 
(TEHRANI & al. [33]). The results indicated a clearly reflection of plant species or the 
habitat,from which the bacteria have been  isolated. The bacteria strains varies according to 
habitat and origin of the host plants, even if all bacteria isolate belong P. fluorescens. The 
findings shows that the molecular markers renders possible the discrimination of the isolate 
origins based on their plant host.   

 
Conclusion 

 
RAPDs were a useful marker system for determination of molecular diversity within 

Pseudomonas fluorescent strains. The genetic cluster formed within P. fluorescens isolates 
can also be correlated well with their inhibitory effect on pathogen fungi and may be 
associated with their antibiotic production. The further studies in which characterization of 
antibiotic compounds produced by selected isolates and quantitative analysis on them are also 
necessary. Our studies will be maintained in this concept in the future. 

 
References 
 
1. TJAMOS, E.C., ROWE, R.C., HEALE, J.B., FRAVEL, D.R.. Advances in Verticillium Research and 

Disease Management. APS Press. The American Phytopathological Society, St. Paul, Minnesota (2000). 
2. BERG, G., FRITZE, A., ROSKOT, N., SMALLA, K. Evaluation of potential biocontrol rhizobacteria from 

different host plants of Verticillium dahliae Kleb. Journal of Applied Microbiology, 156: 75–82 (2001). 
3. TJAMOS, E.C., TSITSIGIANNIS, D.I., TJAMOS, S.E., ANTONIOU, P., KATINAKIS, P. Selection and 

screening of endorhizosphere bacteria from solarised soils as biocontrol agents against Verticillium dahliae 
of solanaceous hosts. European Journal of Plant Pathology, 110: 35–44 (2004). 

4. ÇUBUKÇU, N., BENLIOGLU, K. Biological control of Verticillium wilt of cotton by endophytic bacteria, 
Working Group "Biological Control of Fungal and Bacterial Plant Pathogens", "Fundamental and Practical 
Approaches to Increase Biocontrol Efficacy", Proceedings of the Meeting at Spa (Belgium), 6-10 
September 2006. Edited by: Yigal Elad, Marc Ongena, Monica Höfte, M. Haïssam Jijakli, 30 (6-2):371-
375 (2007). 

5. ERDOĞAN, O., BENLIOĞLU, K. Biological control of Verticillium wilt on cotton by use of fluorescent 
Pseudomonas spp. under field conditions. Biological Control, 53 (1): 39-45 (2010). 

6. KURZE, S., BAHL, H., DAHL, R., BERG, G. Biological control of fungal strawberry disease by Serratia 
plymuthica HRA-C48. Plant Disease, 85: 529-534 (2001). 

7. MERCADO-BLANCO, J., RODRIGUEZ, J., HERVAS, A., JIMENEZ-DIAZ, R.M. Suppression of 
Verticillium wilt in olive planting stocks by root-associated fluorescent Pseudomonas sp. Biological 
Control, 30: 474–486 (2004). 

8. CIRVILLERI, G., ,SPINA S., SCUDERI, G., GENTILE, A., CATARAL, A. Characterization of 
antagonistic root-associated Fluorescent Pseudomonas of transgenic and non-transgenic citrange troyer 
plants. Journal of Plant Pathology, 87 (3): 179-186 (2005). 

9. BAYSAL, Ö., ÇALIŞKAN, M., YEŞILOVA, Ö. An inhibitory effect of a new Bacillus subtilis strain 
(EU07) against Fusarium oxysporum f. sp. radicis lycopersici. Physiological and Molecular Plant 
Pathology, 73: 25–32 (2008). 



Molecular Diversity Within Pseudomonas fluorescent Strains Reflects Their Antagonistic  
Effect Differentiations to Verticillium dahliae on Cotton 

 

6418 Romanian Biotechnological Letters, Vol. 16, No. 4, 2011 

10. NEI, M., LI, W.H. mathematical model for studying genetic variation in terms of restriction endonucleases. 
The Proceedings of the National Academy of Sciences USA, vol. 76, p.5269-5273 (1979). 

11. ROHLF, F.J. NTSYSpc: Numerical Taxonomy and Multivariate analysis system. Version 2.11 W. Exteer 
Software: Setauket, N.Y. (1993). 

12. LAMBOY, W.F. Computing genetic similarity coefficients from RAPD data: the effects of PCR artifacts. 
PCR Methods and Applications 4: 31–37 (1994). 

13. SNEATH, P.H.A., SOKAL, R.R. Numerical Taxonomy. San Francisco, CA: W.H. Freeman and Co. 
(1973). 

14. ROHLF, F.J. NTSYS-pc. Numerical Taxonomy and Multivariate Analysis System. Version 1.80. Exeter 
Software, Setauket, NY. (1994). 

15. ELLIS, R.J., TIMMS-WILLSON, T.M., BAILEY, M. J.. İbid 2: 274–284 (2000). 
16. RAMESH KUMAR, N., THIRUMALAI ARASU, V., GUNASEKARAN, P. Genotyping of antifungal 

compounds producing plant growth-promoting rhizobacteria, Pseudomonas fluorescens. Current Science, 
82 (12):1463-1466 (2002). 

17. HOWELL, C.R., STIPANOVIC, R.D. Control of Rhizoctonia solani on cotton seedlings with 
Pseudomonas fluorescens and with an antibiotic produced by the bacterium. Phytopayhology, 69: 480-482 
(1979). 

18. BUYSENS, S., HEUNGENS, K., POPPE, J., HOFTE, M. Involment of pyochelin and pyoverdin in 
suppression of Pythium-induced damping-off of tomato by Pseudomonas aeruginosa 7NSK2. Applied and 
Environmental Microbiology, 62: 865-871 (1996). 

19. ZHANG, W., HAN, D.Y., DICK, W.A., DAVIS, K.R., HOITINK, H.A.J. Compost and compost water 
extract-induced systemic acquired resistance in cucumber and Arabidopsis. Phytopathology, 88: 450-455 
(1998). 

20. ZEHNDER, G.W., YAO, C., WEI, G., KLOEPPER, J.W. Influence of methyl bromide fumigation on 
microbe-induced resistance in cucumber. Biocontrol Science Technology, 10: 687-693 (2000). 

21. VIDYASEKHARAN, P., KAMALA, N., RAMANTHAN, N.,  RAJAPPAN, K.,  PARANIDHARAN, V., 
VELAZHAHAN, R. Induction of systemic resistance by Pseudomonas fluorescens Pf1 against 
Xanthomonas oryzae pv. oryzae in rice leaves. Phytoparasitica, 29: 1-12 (2001). 

22. WALSH, U.F., MORRISSEY, J.P., O’GARA, F. Pseudomonas for biocontrol of phytopathogens: from 
functional genomics to commercial exploitation. Current Opinion in Biotechnology, 12: 289–295 (2001). 

23. ENEBAK, S.A., WEI, G., KLOEPPER, J.W. Effects of plant growth promoting rhizobacteria on loblolly 
and slash pine seedlings. Forest Science, 44: 139-144 (1998). 

24. WELLER, D.M. Biological control of soil-borne pathogens in the rhizosphere with bacteria. 
Phytopathology, 26: 379-407 (1998). 

25. GÖRE, M.E., ALTIN, N. Growth Promoting of Some Ornamental Plants by Root Treatment with Spesific 
Fluorescent Pseudomonads. Journal of Biological Sciences, 6 (3): 610-615 (2006). 

26. NOWAK-THOMPSON, B., GOULD, S.J., KRAUS, J., LOPER, J.E. Production of 2,4-
diacetylphloroglucinol by the biocontrol agent Pseudomonas fluorescens Pf-5. Canadian Journal 
Microbiology, 40:1064-1066 (1994). 

27. BORA, T., YILDIZ, M., ÖZAKTAN, H. Siderefor Üreten Bakterilerle Bazı Kültür Bitkilerinde Fusarium 
Solgunluklarının Önlenmesi Üzerinde Araştırmalar. TÜBİTAK-TOGTAG, p:28 (1995). 

28. ANJAIAH, V., CORNELIS, P., KOEDAM, N. Effect of genotype and root colonization in biological 
control of Fusarium wilts in pigeonpea and chick pea by Pseudomonas aeruginosa PNA1. Canadian 
Journal Microbiology, 49:85-91. DOI: 10.1139/w03-011 (2003). 

29. BANO, N., MUSARRAT, J. Characterization of a new Pseudomonas aeruginosa strain NJ-15 as a 
potential biocontrol agent. Current Microbiology, 46: 324-328. DOI 10.1007/s00284-002-3857-8 (2003). 

30. MCSPADDEN GARDENER,  B.B., GUTIERREZ,  L.J., JOSHI, R., EDEMA, R., LUTTON, E. 
Distribution and biocontrol potential of phlD+ Pseudomonas in corn and soybean fields. Phytopathology, 
95:715-724 (2005). 

31. BERG, G., BALLIN, G. Bacterial antagonists to Verticillium dahliae Kleb. Journal of Phytopathology 
141(1):99-110; 39 ref (1994). 

32. ABDELZAHER, H.M.A., ELNAGHY, M.A. Identification of Pythium carolinianum causing “root rot” of 
cotton in Egypt and its possible biological control by Pseudomonas fluorescens. Mycopathologia, 
142.3,143-151, 34 ref.and Disease Management. APS Press. The American Phytopathological Society, St.  
Paul, Minnesota (1998). 

33. TEHRANI, A.S., DISFANI, F.A., HEDJAROUD, G.A., MOHAMMADI, M. Antagonistic effects of 
several bacteria on Verticillium dahliae the causal agent of cotton wilt. Meded Rijksuniv Gent Fak 
Landbouwkd Toegep Biol Wet.,  66 (2a):95-101 (2001). 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


