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The effectiveness of Pythium oligandrum as a bio-control agent against P.
ultimum var. ultimum was investigated to avoid harmful fungicides effects. Three isolates
of P. oligandrum (MS,, MS,  and MS, ) were evaluated against the plant pathogenic P.
ultimum Trow var. ultimum the causative agent of Phaseolus vulgaris damping-off.
Pythium species were identified according to their respective morphologically and
sequencing of rDNA-ITS fragments including the 5.8 S rDNA to confirm the species
identification. The three isolates of P. oligandrum reduced the mycelial growth of P.
ultimum var. ultimum with 64.44, 65.56 and 66.76% during mycoparasitism on PDA
plates while the millipored sterilized filtrates of P. oligandrum isolates reduce the
pathogenic mycelial growth by 16.67, 17.78 and 18.89% respectively. Scanning electron
microscope (SEM) of the strongest antagonistic isolate (MS,,) interaction revealed coiling,
haustorial branches, infection pegs and penetration of P oligandrum to P. ultimum var.
ultimum hyphae. On the other hand, P. oligandrum isolates improved emergence of
Phaseolus vulgaris seedling from 0-100% in damping-off disease using agar bottles and
from 13.33 - 86.66% during pot experiments compared with the control.

Key words: Biological control, Damping-off, Phaseolus vulgaris,
P oligandrum, P ultimum var. ultimum.

Common bean (PhaseolusvulgarisL.) is
one of the most widely cultivated food legume
species in the world!. Root rot diseases of
Phaseolus vulgaris are widespread in the world
and are often considered as a major constraint to
production reducing both yield and quality?.
Pythium as causal agent for Phaseolus vulgaris
root rots have been cited as being among the major
causes leading to bean yield losses in several
countries®*. The use of chemical fungicides
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controlling such diseases could led to deteriorating
human health, environmental pollution, and
development of pathogen resistance to fungicide.
Biological methods are needed for plant protection
which are less dependent on chemicals and are
more environmentally friendly>2,

Pythium is a complex genus spread
worldwide containing over 200 described species
with a broad host range and occupying a variety
of terrestrial and aquatic ecological habitats>®.
P. oligandrum has received much attention as a
potential biocontrol agent for damping-off diseases
especially those caused by P. ultimum var.
ultimum?®. P. oligandrumusefor biological control
of P. ultimum var. ultimum has been previously
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reported®!, There are at least 3 modes of
P. oligandrum action on plant pathogens are
known as mycoparasitism mediated by intimate
hyphae interactions, antibiosis and enhancement
of plant®2,

In Egypt, No attempts had been made to
evaluate P. oligandrum as a biocontrol agent
against P. ultimum var. ultimum the causal agent
of damping-off of Phaseolus vulgaris seedlings.
The present work wastherefore, aimed at studying
the occurrence of mycoparasitic Pythium
oligandrum in soil rhizosphere of some plants
cultivated in EI-Miniagovernorate and evaluating
the possibility of their usein the biocontrol of bean
seedling damping-off caused by P. ultimum var.
ultimum.

MATERIALS AND METHODS

Fungal isolates

Three different methods were used for
isolation the biocontrol agent P. oligandrumduring
the survey of Pythium species associated with the
rhizosphere soil of some crop and vegetabl e plants
in EI-Minia Governorate, Egypt in the period of
2006-2008. Thesemethodsincluding direct isolation
from the soil (DIS), Soil seria dilution method
(SSDM) and Zoospores baiting technique (ZBT)
with NARM plates medium according to Elnaghy
etalt

For isolation of the pathogen, diseased
roots and seedlings of Phaseolus vulgaris were
rinsed in 50% ethanol (v/v) for 30 second followed
by sterile distilled water, blotted with sterile filter
paper and then transferred to selective medium
(NARM)®, All plates wereincubated at 20°C and
examined daily. Obtained colonies were then
purified and subjected to identification®.
I dentification of Pythium species

Morphological identification of isolated
Pythium species was carried out using the two
keys of Plaats-Niterink and Dick®%. The method
described by Senda et al.,*®* was adapted to obtain
the required fungal structure. For molecular
Identification DNA extraction and amplification
were done using polymerase chain reaction (PCR)
technique. The sequencing of rIDNA-ITSfragments
including the 5.8 SrTDNA was analyzed to confirm
the speciesidentification as mentioned by Elnaghy
etal.®
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Antagonisticactivity of P. oligandrumagainst the
pathogenic P. ultimumvar. ultimum

Sterilized PDA plateswereinocul ated by
7-mm discs cutting from the margins of each of the
pathogenic strains and biocontrol fungus at a
distance of 4 cm from each other. Threereplicates
were maintained per each treatment and the plates
were incubated at 25°C for 3-5 days. Percentages
of reduction in mycelial growth of the pathogenic
P. ultimumwas cal cul ated and recorded in relation
with control 4.
Effect of P. oligandrumfiltrateon P. ultimumvar.
ultimumgrowth

Sterilized filtrate of 5-dayesold cultures
of P. oligandrumisolates grown on potato dextrose
broth (PDB) were tested against P. ultimum var.
ultimum. Tested filtrate was obtained by either
autoclaving or using Milliporefilter of 0.22 u. Equal
volumes of both sterilized filtrates and sterilized
double strength PDA mediumwere mixed (1:1v/v)
by gently rotating just before pouring in Petri
plates. Discsof 3 day old culture of the pathogenic
P. ultimum var. ultimumwere placed inthe middle
of these plates and incubated at 25°C. Data were
recorded when mycelial growth coversall surface
of the control plates. Percentages of growth
reduction due to antagonism were cal cul ated"®.
I nteraction between P. oligandrumand P. ultimum
var. ultimumusing SEM

Mycelial strips were taken from the
contact zone between the two colonies of P.
oligandrum and P. ultimum var. ultimum grown
on CMA for three days at 25°C and then fixed in
2.5% gluteraldehyde-Sodium phosphate buffer
(0.13 M, Ph 7.2) overnight. The specimens were
washed threetimeswith buffer and then post fixed
in osmium tetra oxide for 2 hour, washed again
with buffer and dehydrated using ascending series
of ethanoal level (30 - 100%) for 15 min at each step.
the specimensweredried at critical point drier and
coated with Platinum to examined using scanning
electron microscope (JEOL JSM-6380 LA)
operating at 20kV 16,
Pathogenicity of P. ultimumvar. ultimumand its
possiblecontrol measure
Inagar bottlesassay

Pathogenicity and possible control of P.
ultimum var. ultimum using P. oligandrum was
investigated'’. Phaseolus vulgaris seeds were
surface sterilized and germinated to form radicals
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and plumulesfor 3 days at 25°C then three viable
seedsweregrown onto 2% WA in 250 ml Erlenmeyer
flask. Each flask inocul ated by three 5-mm discs of
P. ultimum var. ultimum and P. oligandrum
separately to evaluate their pathogenicity and
combined to evaluate the biocontrol activity of P.
oligandrum (MS,, MS; and MS,)). Inoculation
discs were cut from the margins of 5-days old
coloniesgrown on CMA medium and were placed
between Phaseolus seedlings under aseptic
conditions. Inoculated flasks were incubated in a
growth cabinet at 25°C with 12 h photoperiod (91
pmol m2St). Damping-off was determined asthe
difference between seedlings emergence in non-
inoculated controls and inoculated one’.

I n soil potsassay

P. ultimum var. ultimum inoculum was
performed®. Five grams of grass blade |eaf
segments (0.5 cm x 1 cm) and 2 gm glucose were
moistened by adding 10 ml distilled water in 250 ml
Erlenmeyer flask. After autoclaving, each flask was
inoculated with three discs of P. ultimum var.
ultimum culture theninocul ated at 25°C for 10 days.
Inoculum concentration of 2.5%, was obtained by
mixing thoroughly with 1gm of colonized grass|eaf
segments in the Erlenmeyer flask with 50 gm of
oven-dried (70-80°C for 2 days) loam sandy soil
(LSS) using asterilized mortar. Two and half gm of
thismixture wasadded to 97.5 gm of sterilized soil
(LSS). Inoculated soil was placed in plastic pots
and exterior sterilized seeds of Phaseolusvulgaris
were sowed after viability test as three seeds in
each pot. The experiments were carried out in a
growth cabinet and Damping-off was determined
as mentioned above.

To evaluatethe efficacy of P. oligandrum
against damping-off disease of Phaseolusvulgaris
in artificialy infested soil with P. ultimum var.
ultimum. Mycelial matsof P. oligandrumwere got
from culturesdevel opedin V-8 juice broth. Aliquots
of 20 ml medium weretransferred to sterilized Petri
platestoinoculate with asingledisc (0.5 cm diam)
cut from Pythiumcolony developed on CMA. The
plates were incubated in darkness for 10 days at
25°C. Mycelial mats were cleaned with sterile
distilled water and fragmented by tissue
homogeni zer. The preparati on was utilized to outer
garment of Phaseolus vulgaris seeds using
identical volume (100 ml) of 3% carboxy methyl
cellulose solution (CMC) and the preparation of
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mycelial mats of P. oligandrum (MS,, MS ; and
MS, ) were mixed and about 3 exterior sterilized
seeds of Phaseolus vulgaris were supplemented.
After leaving the seeds to soak for 2 min in the
preparation, the seeds were taken and spread in
the sterile opened Petri dishesto dry overnight in
arefrigerator at 5°C. All seeds were then utilized
directly in damping-off experiments. Subsequently,
coats from P. oligandrum isolates suspension at
concentration 1000 propagul es per ml were made
around surface sterilized Phaseolus vulgaris
seeds. Three coated seeds of Phaseolus vulgaris
seeds were sown into P. ultimum var. ultimum
infested soil at 5 mm depth from the soil surface
found infree draining plastic pot (300 gm capacity,
13 cmdiameter). In controls non-coated Phaseol us
vulgaris seeds were sown into either P. ultimum
var. ultimum infested soil or into P. ultimum var.
ultimum free soil were also performed. All pots
were placed in a growth cabinet as mentioned
above. Numbers of Phaseolus vulgaris seeds,
which damped-off was counted after 14 daysfrom
sowing. Experiments were performed with ten
replicate pots per treatment?’.
Histology of infected Phaseolus vulgaris
seedlings

Small parts of root and stem tissues of
infected Phaseolus vulgaris seedling were fixed,
washed and dehydrated as mentioned above in
SEM experiment. After dehydration the tissues
were cleared by toluene and embedding in paraffin
wax to cut by microtome to making sectioning.
These slides were stained with safranin and light
green, then mounting using Canada balsam to
examine under light microscope.

RESULTS

Isolation and identification of Pythium
species showed the presence of three isolates of
P. oligandrum (MS, MS, and MS,)) obtained
from the rhizosphere soil of Raphanus sativus,
Eruca sativa and Allium cepa, respectively, during
survey of Pythium species in El-Minia
Governorate. These three isolates were identified
morphologically as P. oligandrum Drechsler. In
addition, the sequencing of rDNA for theseisolates
was closely related to Gen-Bank accession number
of P. aligandrum (AY 986954.1) with 100% simil arity.

Resultsof etiological strainisolationfrom
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theinfected Phaseolus vulgaris seedling indicated
that P. ultimum var. ultimum was the only fungus
present in infected Phaseolus vulgaris tissues.
Morphological identification and genetically
criteriaof thisisolate was closely related with the
characterized P. ultimum Trow var. ultimum (Gen-
Bank accession number (AY 598657.1) with 100%
similarity.

Antagonistic activity of thethreeisolates
of P. oligandrum (MS;, MS; and MS,)) against
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represented in table (1) showed that P. oligandrum
isolatesreduced the mycelia growth of P. ultimum
var. ultimum and caused reduction percentage of
53.56, 37.78 and 38.89%, respectively, after 3 days
of incubation. Moreover, the reduction in growth
of the pathogenic Pythiumincreased by increasing
theincubation timewhere the highest reductionin
P. ultimum var. ultimum growth reached to 64.44,
65.56 and 66.76%, respectively, after 6 days of
inoculation as aresult of the antagonistic activity
of P. oligandrumisolates (Fig. 1).

Table 1. The reduction in mycelial growth of the pathogenic
P. ultimum var ultimum by P. oligandrum isolates

Incubation Antagonistic P. ultimumvar. ultimum

period isolates linear growth (mm) Reduction
P. oligandrum MS 58° 35.56

3 days P. oligandrum MS 56 37.78
P. oligandrum MS, 552 38.89
Control or 0.00
LSD 1.63

6 days P. oligandrum MS 32 64.44
P. oligandrum MS 312 65.56
P. oligandrum MS, 30? 66.67
Control 90° 0.00
LSD 231

value within a column followed by the same latter are not significantly different
according to Dancun's multiple range test (P>0.05)

Fig. 1. Antagonistic study between P. olgandrum (M S31) and P. ultimum var ultimum (MS133) on PDA, at 25°C.
(A) P. ultimum var ultimum control (B) Antigonism after 6 days of incubation

The effect of culture filtrates of P.
oligandrum isolates on P. ultimum var. ultimum
growth represented in Table (2) reveal that
millipored sterilized culture filtrates of P.
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oligandrumisolateswas more effectivein reducing
the mycelia growth of P. ultimum var. ultimum
than in case of autoclaved cultured filtrate where
the millipored filtrate of P. oligandrum isolates
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Table 2. Effect of culture filtrates of P. oligandrum
isolates on mycelial growth of P. ultimum var. ultimum

Incubation Antagonistic P. ultimumvar. ultimum

period isolates linear growth (mm) Reduction
P. oligandrum MS 84° 10.00

3 days P. oligandrum MS, 812 10.00
P. oligandrum MS 807 11.11
Control 90° 0.00
LSD 352

6 days P. oligandrum MS, 75 16.67
P. oligandrum MS, 74 17.78
P. oligandrum MS 73 18.89
Control 90° 0.00
LSD 312

Value within a column followed by the same latter are not significantly different
according to Dancun's multiple range test (P.0.05)

=

Fig. 2. Scanning €l ectron micrographs of the mycoparasite P. oligandrum (M S31) hyphae interacting with hyphae
of plant pathogens P. ultimum var. ultimum (M S133) on CMA: (1) Haustorial branches of P. oligandrum hyphae
adhering to P. ultimum var. ultimum hyphae. (2 and 3) Infection pegs of P. oligandrum. (4 and 5) Hyphae of P.
oligandrumgrow inside hyphae of P. ultimumvar. ultimum. (6) P. oligandrum hyphae form dense coilsand tightly
encircle hyphae of P. ultimum var. ultimum. (7and 8) P. oligandrum hyphais associated with marked collapse and
loss of turgor of P. ultimum var. ultimum hyphae, where P. oligandrum twisted on hyphae of P. ultimum var.
ultimum. Bar in photo (1) is applicable for all photos (10 um).
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inhabit the mycelial growth of P. ultimum var.
ultimumby 16.67, 17.78 and 18.89%, respectively,
compared with the control.

Interaction between the strongest
isolates of P. oligandrum (MS,)) and P. ultimum
var. ultimum using SEM were provided in figure
(2). The characterization of coiling, haustorial
branches, infection pegs and penetration of P.
oligandrum to P. ultimum var. ultimum hyphae
were showed in contact area between the two
Pythia. P. oligandrum attacked P. ultimum var.
ultimum by entangling its hyphae with either thin
haustorial branchesor infection pegsleading finally
to its total destruction. These characters of
mycoparasitism were showed clearly at early stages
of contact region between the two colonies of P.
oligandrumand P. ultimum var. ultimum.

Pathogenicity of P. ultimumvar. ultimum
and its possible control measure by P. oligandrum
isolates(MS , MS ;and MS, ) in both agar bottles
and soil pots assay were tabulated in table (3). It
wasfound that, the threeisolates of P. oligandrum
were non-pathogenic to Phaseolus vulgaris
seedlingswhile P. ultimumvar. ultimumwas highly
pathogenic one causing 100% and 83.3% seedling
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damping-off when the pathogen and biocontrol
were cultured with seedlings alonein both 2%WA
and soil pots, respectively, on the other hand, the
application of the bio-control isolates of P.
oligandrum (MS, MS; and MS,)) resulted in
considerable enhancement in seedlings emergency
of Phaseolus vulgaris from 0 — 96.6% in 2% WA
assay and from 16.66 —86.66% in soil treatments.
The suppuration of damping off in Phaseolus
vulgaris by the three isolates of P. oligandrum
ranged from 86.66% - 96.66% in agar bottles and
from 80 - 86.66% in soil pots compared with the
control. Moreover, P. oligandrum isolate (MS,))
wasthe most effectiveisolatein all treatments.

Histological studies of infected
Phaseolus vulgaris seedlings with the pathogenic
P. ultimum var. ultimum showed that, P. ultimum
var. ultimum hyphae grew abundantly at the root
surface and rapid ingress throughout the root
system. By 3 days post-inoculation, hyphae of P.
ultimumvar. ultimumwerevisibleinthe epidermis
and inside cortical cellsuntil reach to Phylum and
medulla. In the following days, the infected cell
layers of the cortical area were lysised and
destroyed (Fig. 3).

Table 3. Effect of P. oligandrum isolates on Phaseolus vulgaris pre-emergence
damping-off disease grown in 2% water agar in pots containing loam sandy soil

Treatments Phaseolus vulgaris seedlings
2% water agar Soil pots
No. of Inhibition  Survival No. of Inhibition Survival

Survival (%) (%) Survival (%) (%)
Control (No Pythium) 30° 0.0 100 30 0.0 100
P. ultimumyvar. ultimumMS _, 0.0° 100 0.0 5 83.33 16.66
P. oligandrum MS 30° 0.0 100 30° 0.0 100
P. oligandrum MS g 30° 0.0 100 30° 0.0 100
P. oligandrum MS, 30° 0.0 100 30° 0.0 100
P.ultimumvar. ultimumMS ;. 26° 13.33 86.66 24v 20.0 80.0
+ P.oligandrumMS
P. ultimumvar. ultimumMS 29 3.33 96.66 25° 16.66 83.33
+ P.oligandrum MS g
P. ultimumvar. ultimumMS 29 3.33 96.66 25° 13.33 86.66
+P. oligandrum MS,
LSD 1.49 2.06

*Value within a column followed by the same latter are not significantly different according to Dancun's multiple range

test (P > 0.05).
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Fig. 3. Light micrographs of Phaseolus vulgarisroot and steam colonized by P. ultimumvar. ultimum (MS133), 3
days after inoculation. 1& 2- Abundant hyphae of the P. ultimum in the epidermis and the cortex. 3- Colonizing
hyphae appear with strongly light green-stained in phylum and medulla. 4- Cortical free of hyphae (control). 5-
Hyphae of P. ultimum var. ultimum (M S133) inside cortical areainside cortical cells 3 days after inoculation. 6-
Lysis of root cortical cells 7 days after inoculation. 7&8 - Phaseolus vulgaris steam tissues colonized by P.
ultimum var. ultimum (M S133), abundant multiplication of hyphae of P. ultimum var. ultimum in cortex. Bar in

photo 1 is applicable for al photos = 20 pm.

DISCUSSION

Root damping-off diseases are widely
disturbed all over theworld and are considered as
amajor problem to bean cultivators, asthey reduce
significantly the bean yield®. Several control
measures of that disease are available, including
fungicidal control, enhancement of genetic
resistance which may lead to deteriorating human
health®2. In Egypt, there is no effective control

method to eliminate damping-off of many crop and
vegetable plants caused by P. ultimumvar. ultimum
although, that pathogenic is widely distributed
throughout the country®91718, However, fungicides
areregularly used by the farmers to management
such diseases without obvious results!”182,
P. ultimum var. ultimum wasisolated in this study
as the causal agent of Phaseolus vulgaris
damping-off and the pathogenicity test concerned
with the pathogenic isolate of P. ultimum var.
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ultimum MS ,, which it was highly virulent to
Phaseolus vulgaris seedlings causing 100%
damping off. On contrast, the three isolates of P.
oligandrum(MS; MS,; and MS;)) werefound to
be non-pathogenic. Thisresult wasin accordance
with theresult of Nzungize et al., 2%, Histological
studieswere performed to detect mode of parasitism
through which pathogen cause the disease. The
penetration and colonization of P. ultimum var.
ultimum hyphae to the epidermal and cortical cells
until reach to phylum plant root and stem of
Phaseolus vulgaris seedling was obvious and
showed the effects of this pathogen to lysis the
cell layersof cortical arealeading to damping-off.
These results agree with many worker recorded
that Pythium growth was mainly root intracel lular'>
16, 22

Biological control of damping-off
diseases is complicated process as a result of the
pathogens occurs surroundings the rhizosphere
interface. The rhizosphere is typified by intense
themicrobial activity involving, ahigh population
of microorganisms, rapid change in pH, salt
concentrations, and osmotic and water potential®*.
The effective microorganisms of interest for
biological control of fungal plant pathogensinclude
some Pythium spp. as P. oligandrum. The
biocontrol agent can protect the plant from fungal
attacksthrough competition with the pathogen for
nutrients, the production of antifungal metabolites,
parasitism (Lysis of the pathogen) or through
induction of plant resistance mechanisms*24. The
growth of P. ultimumvar. ultimumwas successfully
inhibited by P. oligandrum isolates with growth
reductions reach to 66.67% after 6 days of
inoculation with P. oligandrum MS, . SEM of
contacting area between biocontrol agent (P.
oligandrum) and pathogenic isolates (P. ultimum
var. ultimum) showed that mycoparasitism was
highly effective than biocontrol filtrate effect and
P. oligandrummillipored sterilized filtrates showed
more exhibiting activity compared autoclaved
filtrates. This means that the effectiveness of
filtrates was strongly affected by autoclaving and
active biocontrol metabolites may be destroyed
by heating”. P. oligandrum isolates (MS; MS ¢
MS,)) parasitized hyphae of P. ultimumvar. ultimum
by entangling the hyphae of P. ultimumvar. ultimum
with thin haustorial branches or infection pegs,
eventually leading to destruction, revealing the
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mode of action of antagonism between P.
oligandrumand P. ultimumvar. ultimum®2, There
were at |east three known modes of P. oligandrum
action on plant pathogens: mycoparasitism
mediated by intimate hyphae interactions,
antibiosisand enhancement of plant resistance due
to protein metabolite (Oligandrin) production2,
The coiling and penetration of P. oligandrum
hyphae to P. ultimum var. ultimum hyphae
observed in this study had frequently been
reported? %, Additionally, the isolate MS31 of P.
oligandrum was the most effective antagonistic
one and reduced the disease severity of P. ultimum
var. ultimuminfected Phaseolusvulgaristo 96.66%
inagar bottlesand 86.66% in soil potsassay. These
results confirm the ability of P. oligandrum to
prevent theinfection by P. ultimumvar. ultimumt”
2, It can be concluded that P. oligandrumisol ated
in this study worked as mycoparasite and
antifungal metabolites producer which suppress
the plant parasitic P. ultimumvar. ultimum.

The present work evaluated that P.
oligandrum can effectively control mycelial growth
and used as biocontrol agent against damping-off
disease of Phaseolus vulgaris caused by P.
ultimum var. ultimum. Further studies on the
confirmation of the efficiency and importance of P.
oligandrumagainst other root diseases are needed.
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