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ABSTRACT 
In order to biologically manage the atypical pink rot disease of potato, various indigenous antagonistic bacteria were tested against 
Pythium aphanidermatum. In vitro tests showed that Achromobacter xylosoxidans (B4), Pseudomonas putida (B7) and P. fluorescens (B10) 
isolates resulted in significant decreases in the mycelial growth of P. aphanidermatum ranging from 50 to 88%. Therefore, they were 
further evaluated for their ability to produce diffusible metabolites in culture filtrates. P. fluorescens was shown to be the most efficient by 
exhibiting the highest inhibitory activity in vitro. Total inhibition of P. aphanidermatum growth was achieved with the culture filtrates of 
this antagonistic agent applied at a 1/2 (v/v) ratio. The biological treatments of inoculated potato (Solanum tuberosum L.) tubers cv. 
‘Spunta’ by the bacterial culture filtrates were also efficient in reducing the rotting severity by more than 90% with P. fluorescens as 
compared to the untreated and inoculated tubers. Thus, the management of natural potato infection in storage and in the field by applying 
some antagonistic bacteria should be investigated. 
_____________________________________________________________________________________________________________ 
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INTRODUCTION 
 
In Tunisia, potato (Solanum tuberosum L.) tuber losses in 
storage were frequently attributed to a number of damaging 
attacks of soil-borne pathogens which may be involved in 
the most serious post-harvest diseases such as dry rot 
caused by various Fusarium species and wet rots induced 
by several fungus-like and bacterial pathogens such as Phy-
tophthora spp., Pythium spp. and Pectobacterium spp. 
(Priou and El Mahjoub 1994; Daami-Remadi 1995; Priou 
and French 1997; Priou and El Mahjoub 1999; Triki et 
al. 2001a, 2001b; Daami-Remadi et al. 2006). In Tunisia, 
Pythium aphanidermatum and P. ultimum were isolated 
from diseased potato tubers exhibiting rots in rustic summer 
as well as in refrigerated stores. This disease is one of the 
most important diseases affecting potato tubers in the field 
and during the traditional storage (Priou and El Mahjoub 
1994; Priou and French 1997; Priou and El Mahjoub 1999; 
Triki et al. 2001a, 2001b). Although this pathogen can be 
seed transmitted (Priou and El Mahjoub 1994), it was fre-
quently isolated from soil (Priou et al. 1997; Triki et al. 
2001b). Symptoms shared features described for both pink 
rot, caused by Phytophthora erythroseptica, and leak, 
caused by Pythium spp. Infected tubers were shaded brown, 
with a black line, sometimes barely visible through the 
tuber skin. Black discoloration of tissues occurred beneath 
the lenticels but there was no internal advancing black mar-
gin in cut tubers, although the flesh turned pink in a few 
minutes, and then black. Tubers were spongy and remained 
intact, exuding a large amount of clear, odourless liquid. 

The methods currently employed for the control pink 
rot and leak of potato are mainly based on prophylactic 

measures by using pathogen-free tubers (Daami-Remadi et 
al. 2001b; Triki et al. 2001a, 2001b) and metalaxyl based 
fungicides. This chemical treatment was considered to be 
the most common agent of emergence of tuber pink rot 
(Mulrooney 1982; Torres et al. 1985; Roy et al. 1992; Zinc 
1995). Moreover, Trapero-Casas et al. (1990) have success-
fully controlled the pre-emergence damping-off of chickpea 
caused by Pythium sp. by seed treatment with metalaxyl. 
However, the use of chemical fungicides has been shown 
frequently inefficient, to be costly and toxic. Thus, there is 
renewed interest in biological control based on the applica-
tion of antagonistic micro-organisms which are known to 
act as biological control agents (BCAs) for the suppression 
of plant pathogens. Weller et al. (2002) has considered the 
use of fluorescent Pseudomonas spp. and Trichoderma spp., 
two groups of BCAs, for the natural suppression of various 
herbaceous soil-borne pathogens. Weller et al. (1988), 
Callan et al. (1990), and Hultberg et al. (2000) reported that 
Pseudomonas sp. isolates represent potent BCAs against P. 
ultimum the causal agent of corn and tomato damping-off, 
respectively. 

The present study was undertaken to investigate the 
potential use of bacterial isolates from the soil for the bio-
logical control of P. aphanidermatum and P. ultimum. 

 
MATERIALS AND METHODS 
 
Tuber pathogenic fungi 
 
Pythium strains were isolated from diseased tubers, stems and field 
soils from different regions where severe losses were observed. 
They were brought separately to the laboratory for diagnosis. Sam-
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ples showing symptoms were rinsed twice in sterilized distilled 
water then disinfected with alcohol 95%. Small fragments were 
cut aseptically and were placed on plates containing oatmeal agar 
(OMA, Difco) supplemented with streptomycin sulphate (300 
mg/l) and incubated at 25°C for three days. Identifications were 
based on culture morphology and microscopic characteristics of 
sexual organs produced on carrot agar (CA) medium when incu-
bated for five days at 25°C. CA is rather transparent as compared 
to OMA medium and allows direct microscopic observations. Spo-
rangia were produced by using a suspension of sterilized horticul-
tural compost in distilled water and then compared with micros-
copic observations (Triki et al. 2001). 

Preliminary pathogenicity tests were carried out according to 
previously described protocols (Triki et al. 2001a) where tubers cv. 
‘Spunta’ were inoculated by Pythium spp. isolates and sub-
sequently submitted to incubation for detection of typical symp-
toms of atypical pink rot. The preliminary tests indicated that all 
the strains of Pythium spp. were pathogenic to potato. The opti-
mum temperatures for infection were 30°C for P. aphanidermatum 
and 25°C for P. ultimum, corresponding to the optimum tempera-
tures required for their in vitro growth. For all the biological con-
trol assays we used only the isolate P. aphanidermatum. 

 
Isolation and identification of antagonistic bacteria 
 
Putative antagonists used in this work were obtained from the col-
lection of Plant Protection Laboratory of the Olive Tree Institute of 
Tunisia. They were isolated from Tunisian soils, from compost 
juice and from the rhizosphere of Saharan plants. They were 
streaked on Luria Bertani (LB) agar medium plates [containing 
(g/l): yeast extract 5, peptone 10, NaCl 10 and bacteriological agar 
20] and incubated at 26°C for 3 to 5 days. Purified colonies were 
stored in 30% glycerol solution at -20°C. 

Identification of the antagonistic strains used in this study 
were made by sequencing the 16S rRNA gene (rrs) according to 
the method described in Triki et al. (2012). 

 
In vitro screening of antagonistic activity 
 
1. Dual culture 
 
The in vitro inhibition of the mycelial growth of Pythium strains 
by the bacterial isolates was tested using the dual culture method 
as previously described by Landa et al. (1997). A 10 μl of an anta-
gonistic bacterial suspension (108 CFU/ml) was placed on the mar-
gin of a potato dextrose medium (PDA) and incubated at 25°C for 
24 h. A 4-mm agar disc from fresh CMA cultures of Pythium spp. 
was placed at the centre of the PDA plate for each of the bacterial 
isolates tested and incubated at 25°C for 3 days. 
 
2. Antifungal activity of diffusible metabolites 
 
For this test, only the bacterial filtrates of the strains B4, B6, B7, 
B10, B14 and B19 were assayed for their ability to produce diffusi-
ble extracellular metabolites using the diffusion method. All bac-
terial isolates were transferred individually to 50 ml of LB broth 
medium in 250 ml Erlenmeyer flasks and the bacterial cultures 
were incubated by shaking at 200 rpm for 3 days at 25°C (Ben 
Ameur 2006). They were then centrifuged at 3000 rpm for 20 min 
to remove cell debris. After that, the prepared solutions of each 
sample were filtered through 0.22 μm filters (Sterivex-GS filter 
units) under sterile conditions and were added to a PDA medium 
at 1/6, 1/2, 1/1, 2/1 v/v ratios (Lemriss et al. 2003) (Table 1). For 
the control plates, only water distilled water was added at the same 
ratios. Then, a plug of P. aphanidermatum (3 mm in diameter) was 
deposited laterally on PDA plates. The plates were incubated at 
25°C for 3 days, until the mycelium growth of P. aphanidermatum 
of the untreated control reached the periphery of the Petri dishes. 

For in vitro tests, the diameters of the fungal colonies were 
measured and compared to that of the control for which the bac-
terial suspension was substituted by sterile distilled water. Each 
experiment was performed in triplicate and repeated three times. 
The percentage of growth inhibition was calculated using the fol-
lowing formula: 
% inhibition = [1-(treated fungal growth/control growth)] ×100. 

 
In vivo assays against Pythium spp. tuber rot 
 
To evaluate the efficiency of bacterial antagonistic agents tested in 
controlling tuber rotting, oospores suspensions of P. aphanider-
matum and cell suspensions of each bacterial isolate were prepared. 
The selected bacterial strains were incubated in broth media (LB 
or KB) (KB: King’s medium B) under continuous agitation at 
25°C for 3 days before use. Then, the bacterial suspensions were 
adjusted at 108 CFU/ml. The cells were harvested by centrifuga-
tion for 20 min at 3000 rpm and the prepared suspensions of each 
bacterial supernatant was filtered through 0.22 μm filters under 
sterile conditions. The concentrations used for oospore suspen-
sions were adjusted to 103 oospores/ml using a Malassez cyto-
meter (Witeg Labortechnik GmbH, Germany). Oospores were col-
lected from P. aphanidermatum colonies grown on corn meal agar 
(CMA) medium for 10 days at 30°C. In order to remove sapro-
phytes and soil, ten tubers cv. ‘Spunta’ was disinfected with 10% 
(dw/v) sodium hypochlorite solution for 30 min and then rinsed 
three times with sterile distilled water Inoculation was made by 
deposing 100 μl of the oospore suspension (103 oospores/ml) in 
cylindrical wound (0.5 cm × 0.5 cm) made by a sterile cork borer. 
Treatments were applied by deposing 100 μl of the filtrate solution 
for each bacterial isolate in the occasioned wounds. Preventive 
treatments were made 12 h before tuber inoculation and the cura-
tive ones were realized 12 h after challenge with pathogen. Un-
treated control tubers were treated with 100 μl of sterile distilled 
water. The treated tubers were incubated for 3 days at 25°C and 
data were recorded as described previously by Triki et al. (2001b). 
Tubers were cut across the inoculation sites to measure the 
necrosis width (W, mm) and the necrosis depth (D, mm) from the 
surface along the inoculated wound and in order to compute the 
penetration (P, mm) of tissues following the formula described by 
Lapwood et al. (1984): P = (W/2 + (D-5)) / 2. Data were recorded 
for the hole per tuber and the mean penetration was calculated for 
each tuber. Tubers were sampled as replicates. 

 
Statistical analysis 
 
The data were subjected to analysis of variance using the Statis-
tical Package for the Social Sciences (SPSS V.11; SPSS Inc., Chi-
cago, IL). Mean values among treatments were compared by Dun-
can’s multiple range test at the 5% (P � 0.05) level of significance. 
 
RESULTS 
 
Isolation of microorganisms and screening of 
potential antagonists 
 
The inhibitory spectrum of thirty bacterial isolates, obtained 
from Tunisian soils, compost juice or the rhizosphere of 
Saharan plants evaluated against P. aphanidermatum, re-
vealed that 12 isolates (B1, B3, B4, B5, B6, B7, B10, B12, B14 
and B19) were able to inhibit the pathogen growth by agar 
diffusion assay. 

The biochemical and the molecular methods allowed 
the identification of the antagonistic bacteria as Burkholde-
ria cepacia (B1), Bacillus megaterium (B3), Achromobacter 
xylosoxidans (B4), Bacillus thuringiensis (B5), Pseudo-
monas sp. (B6), P. putida (B7), P. fluorescens (B10), Pseudo-
monas sp. (B12), B. subtilis (B14) and P. pseudoalcaligenes 
(B19). 

All the antagonistic bacteria tested against P. aphanider-
matum had significantly reduced the pathogen mycelial 
growth (Fig. 1). The highest growth inhibition percentages 
ranging from 50 to 88% were obtained with the isolates B4, 
B7, and B10 (Fig. 1A, 1B). With the remaining isolates (B1, 

Table 1 Ratios (v/v) of antagonistic bacterial filtrates added to PDA 
medium. 
Medium/Ratios D1/6 

(v/v) 
D1/4 
(v/v) 

D1/2 
(v/v) 

D1/1 
(v/v) 

D2/1 
(v/v) 

Supernatant of 
antagonistic bacteria 

0.7 ml 1 ml 1.7 ml 2.5 ml 3.3 ml

PDA 4.3 ml 4 ml 3.3 ml 2.5 ml 1.7 ml
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B3, B5, B6, B12, B14 and B19), the recorded inhibition per-
centages varied between 20 and 33% as compared to the 
untreated control growth. 

 
Effect of diffusible metabolites 
 
When examined after an incubation period of 3 days, all the 
bacterial filtrates, added to PDA at 1/6, 1/2, 1/1, 2/1 (v/v) 
ratios, showed an important antifungal activity against P. 
aphanidermatum as compared to the untreated control (Fig. 
2). The obtained results revealed important reductions in the 
pathogen colony diameters subsequent to the addition of 
bacterial culture filtrates to the culture medium. The recor-
ded inhibition percentages increased proportionally with the 
increase of the culture filtrates volume. P. fluorescens (B10) 
was shown to be the most efficient by exhibiting the highest 
antagonistic activity; pathogen growth was inhibited by 34 
to 100% as compared to the untreated control with all tested 
culture filtrates ratios. Total inhibition of P. aphaniderma-
tum growth was achieved with B10 isolate (P. fluores-cens) 
applied at the ratio of 1/2 (v/v) and also with B4 (A. xyloso-
xidans), B7 (P. putida) and B19 (P. pseudoalcaligenes) based 
treatments used at the strongest ratio i.e. 2/1 v/v (Fig. 2). 

Evaluation of the ability of antagonistic bacteria to 
suppress the atypical pink rot of potato caused by 
P. aphanidermatum 
 
According to the data from tuber experiments, the results 
obtained showed that all the treatments with antagonistic 
bacteria were significantly effective (P = 0.01) in con-
trolling pink rot infection when tubers were treated 12 h 
before and after their inoculation for preventive and cura-
tive treatments, respectively (Fig. 3). A total rot was ob-
served on the untreated and inoculated tubers whereas im-
portant reductions of decay severity were obtained with all 
biological treatments tested. When used as preventive treat-
ments, the antagonists P. fluorescens (B10), Pseudomonas 
spp. (B12), P. putida (B7), Bu. cepacia (B1), and A. xylosoxi-
dans (B4) decreased rotting by 95, 89, 87, 82 and 80%, res-
pectively as compared to the untreated control. The anta-
gonist P. fluorescens was shown to be the most effective 
treatment when applied as curative or preventive treat-
ment. However, except Pseudomonas spp., the other bacte-
rial isolates reduced rot severity by 37 to 74% as compared 
to untreated control tubers. 
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Fig. 1 In vitro effect of some antagonistic bacteria on the mycelial growth of Pythium aphanidermatum recorded after 3 days of incubation at 
25°C. Bars with the same letters are not significantly different according to the Duncan’s multiple range test (at P � 0.05). 
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Fig. 2 Effect of antagonistic bacterial filtrates applied at different ratios on the mycelial growth of Pythium aphanidermatum recorded after 3 
days of incubation at 25°C. 
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DISCUSSION 
 
The use of biological control based on natural microorga-
nisms offers a powerful alternative to synthetic chemical 
control of plant diseases. In fact, the abuse of chemical 
control agents, such as pesticides or fungicides, to cure or 
prevent plant diseases has often been reported to bring 
about a wide array of pernicious effects, particularly on 
plant, soil, environment and, ultimately, on human beings. 

In view of this continuing search for new natural alter-
natives to chemical control agents, the present study was 
undertaken to investigate the potential use of indigenous 
bacterial isolates for the biological control of P. aphanider-
matum the causal agent of atypical pink rot of potato in 
Tunisia. 

Preliminary findings from biological control experi-
ments carried out in vitro revealed that ten isolates, namely, 
Bu. cepacia (B1), B. megaterium (B3), A. xylosoxidans (B4), 
B. thuringiensis (B5), Pseudomonas sp. (B6), P. putida (B7), 
P. fluorescens (B10), Pseudomonas sp. (B12), B. subtilis (B14), 
and P. pseudoalcaligenes (B19) were effective in reducing P. 
aphanidermatum growth in vitro. 

Further assays indicated the ability of the majority of 
antagonists to produce diffusible extracellular metabolites 
in the bacterial culture filtrates. Moreover, P. fluorescens 
was found to be the most efficient by exhibiting the highest 
inhibition. 

The biological treatments of inoculated tubers by the 
bacterial filtrates were also efficient by reducing the rotting 
by more than 90% with P. fluorescens as compared to the 
untreated and inoculated tubers. In fact, some pseudomo-
nads have been recognized as antagonists of plant fungal 
pathogens (O’Sullivan and O’Gara 1992). This is probably 
due to the abundance of this diverse group of bacteria and 
their obvious importance in the soils (Dowling and O’Gara 
1994). 

Rhizospheric Pseudomonas strains were reported to be 
effective for the control of a wide range of fungal and 
bacterial diseases (Kim et al. 2003). Bacteria of the 
genus Pseudomonas comprise a large group of the active 
biocontrol strains as a result of their general ability to 
produce a diverse array of potent antifungal metabolites. 
These include simple metabolites such as 2,4-diacetyl-
phloroglucinol, phenazine-1-carboxylic acid and pyrrol-
nitrin [3-chloro-4-(2'-nitro-3'-chlorophenyl)-pyrrole], as 
well as the complex macrocyclic lactone, 2,3-de-epoxy-2,3-
didehydra-rhizoxin. Pyrrolnitrin is active against Rhizocto-

nia spp., Fusarium spp., and other plant pathogenic fungi, 
and it has been used as a lead structure in the development 
of a new phenylpyrrole agricultural fungicide (Ligon et al. 
2000). Several antibiotic-like substances have been iden-
tified, including bacteriocins and phenazine antibiotics 
(Hamdan et al. 1991). Moreover, Pseudomonas strains 
showed antifungal activity against Verticillium dahliae 
var. longisporum in vitro and were evaluated as potential 
biocontrol agents by Berg et al. (1998). Furthermore, 
Pseudomonas sp. controlled stalk rot of maize associated 
with P. aphanidermatum and F. graminearum at the seed-
ling stage (Chen et al. 1999). Also, Janisiewicz and Roit-
man (1988) have also reported that blue mold and grey 
mold of apples and pears could be controlled by Pseudo- 
monas. 

Strains of P. fluorescens showed known biological con-
trol activity against certain soil-borne phytopathogenic 
fungi. In fact, Rajappan and Ramaraj (1999) evaluated the 
in vitro efficacy of P. fluorescens against the cauliflower 
wilt pathogen F. moniliforme. Fluorescent pseudomonad 
strains were also found to be effective against Sclerotium 
rolfsii (Patil et al. 1998) under greenhouse conditions in 
limiting groundnut and collar rot incidence. Thomashow et 
al. (1990) showed that the production of phenazine-1-car-
boxylic acid by P. fluorescens in the rhizosphere of wheat 
was correlated with take-all disease control. Moreover, anti-
biotics produced by P. fluorescens can also inhibit P. ulti- 
mum in the cotton spermosphere and rhizosphere (Howi and 
Suslow 1991). Some Pseudomonas species can also 
produce levels of hydrogen cyanide (HCN) that are toxic to 
certain pathogenic fungi (Dowling and O’Gara 1994). 
These characteristics make Pseudomonas species good can-
didates for use as seed inoculant and root dips for biological 
control of several soil-borne plant pathogens. Studies 
by Thomashow and Weller (1990) reviewed the importance 
of the antibiotic phenazine-1-carboxylic acid, produced by 
strain 2-29 of P. fluorescens, to suppress take-all disease of 
wheat caused by Gaeumannomyces graminis f. sp. tritici. 
Leaf application of P. fluorescens effectively conferred 
resistance against leaf pathogens (Hoffland et al. 1996) and 
has the potential to produce known secondary metabolites 
such as siderophore, HCN and protease that showed anta-
gonistic activity against Macrophomina phaseolina, Rhi- 
zoctonia solani, Phytophthora nicotianae var. parasitica, 
Pythium sp. and Fusarium sp. (Hamdan et al. 1991). 

In conclusion, the selected antagonists, especially P. 
fluorescens, hold a number of properties that might open 
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Fig. 3 Effect of autochthons antagonistic bacteria on the extension of the atypical pink rot of potato caused by Pythium aphanidermatum 
according to preventive and curative modes of treatment noted after 3 days of incubation at 25°C. Bars with the same letters are not significantly 
different according to the Duncan’s multiple range test (at P � 0.05). 
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new opportunities for the biological control of the atypical 
pink rot disease. Accordingly, further studies are currently 
under way to further characterize and purify the antago-
nistic compounds produced by these antagonistic bacteria to 
experiment with their application in storage conditions and 
in the field. A biocontrol system using these strains may 
offer a good alternative to the currently employed chemical 
compounds, whose application entails a number of serious 
environmental and health hazards. 
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