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Abstract: This investigation is a trial to biocontrol of brown rot disease of potato by basidiomycetes, wheat
straw and spent mushroom straw. Bird's nest Cyathus stercoreus is firstly recorded in Egypt. Tt was found
growing on manured soil at New Damietta. It is identified and isolated from its fruit body. Eight
basidiomycetes mcluding C. stercoreus were tested to antagonize Ralstonia solanacearum (causal agent of
brawn rot disease of potato) i vitro. All of these fungi inhibited the growth of R. selanacearum and the largest
mhibition zones were recorded with Cyathus stercoreus Egyptian strain and Agaricus campester Egyptian
strain. Extract from the Cyathus stercoreus mycelia was studied using Thin Layer Chromatography (TLC),
Infrared (IR) spectroscopic analysis and Nuclear Magnetic Resonance (NMR). The study suggested that the
polysaccharide of this fungus has the antibacterial activity. C. stercoreus was selected to green house study.
Water extract filtrate of raw wheat straw (wers) and of spent mushroom straw (wess) of three Fleurotus sp.
were tested to inhibit R. selanacearum growth by applying disc-filter paper method. RSE filtrate and all the
other three filtrates inhibited R. solanacearum growth. Water extract of Pleurotus columbinus spent wheat
straw (wess) had the largest inhibition zone, so, it was selected to further study. In greenhouse experiment, the
previous selected factors were used to estimate their ability to biocontrol R. selanacearum. The reported results
revealed that the mycelial suspension of C. stercoreus (Css) had the best effect in reduction of the disease,
plant health and plant production. Consequently, this is the first report of using C. stercoreus in biological
control of plant diseases. Using of spent straw and raw straw powders and their water extracts had good results
in controlling the disease and plant productivity.
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INTRODUCTION

Brown rot disease of potato is worldwide disease
that damages potato plantation. This disease caused by
sollbome bacteria called Ralstonia solanacearum
(Yabuuchi et al., 1995). This bacterium has an unusual
wide host range; it can infect more than 200 plants
belonging to 50 botamicals families (Hayward, 2000,
Salanoubat et al., 2002).

Basidiomycetes can be used for biological control of
plant diseases. These fungi can produce exudates that
can inhibit the growth of plant pathogenic fungi
(Hwang et al., 2000). The bird's nest Cyathus is a widely
distributed genus all over the world (Alexopolous et al.,
1996). Studies on the metabolites from Cyathus spp. have
thrived for many years since then. Three crystalline
antibiotics were isolated from the mycelium of the

basidiomycete Cyathus striatus strain No. 12. They are

highly active against fungi imperfecti and a variety of
Gram-positive bacteria, as well as against some Gram-
negative bacteria (Anke and Oberwinkler, 1976). Ayer and
Ttaube (1973) reported cyathin complex, a new class of
diterpenoid from C. helenge. A number of new
compounds were reported from various species, such as
xanthone from C. intermedius (Ayer and Taylor, 1976),
cyafrin from C. africanus (Ayer et al., 1978), cyathatriol
from C. earlei (Ayer and Lee, 1979). The striatals and
striatins are unusual group of diterpenoids isolated
from cultures of the bird’s nest fungus Cyathus striatus
(Anke et al, 2002) and tropical Cyathus species
(Anke and Steglich, 1988). The striatins are artifacts,
formed by extraction of the mycelia with methanol.
This compound posses antibacterial and antifungal
(Anlke and Steglich, 1988). Polysaccharides from some
basidiomycetes have been confirmed to have biological
activity (Zjawiony, 2004; Guo et al., 2004).
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Agriculture practices such as incorporating organic
amendments and managing the type and quality of crop
residue have a direct unpact on plant health and crop
productivity. The application of orgamc amendments that
are rich in nitrogen may reduce soil born diseases by
releasing allelochemicals generated during product
storage or by subsequent microbial decomposition
(Bailey and Lazarovites, 2003).

Potential benefits of maintaining cover crop residue
on soil surface include reduction in costs association with
repeated mtensive tillage, improvement in weed and msect
control, improving mn soil fertility and structure prevention
of erosion and soil moisture retention. Residue on the soil
surface decreases soil temperature and increase soil
moisture (Ferguson and Shew, 2001 ).

The addition of orgamc matter from rotational or
cover crops may directly or indirectly suppress disease by
enhancing production of decomposition products by
antagomistic microbial populations that mhibit pathogens
and enhance growth (Huang and Huang, 1993
Shetty ef al., 2000, Gamliel et al., 2000). Plant residues
may represent physical barrier that reduces contact with
the pathogen or the impacts of non-target chemicals
(Hau and Beutte, 1983, Ferguson and Shew, 2001). Some
organic matter can stimulate the production of lytic
enzymes involved in the degradation of plant pathogens.
Microbial degradation of plant residues can also produce
secondary products with antimicrobial activities that
inhibit the growth of plant pathogens (Bardin et al., 2004).

Little attention has been paid to wild mushroom in
Egypt, although there 1s few literatures have been
published (El-Fallal, 2001, 2003). However there 1s no any
record in gasteromycetes have been done in Egypt.
Podaxis pistillaris has been recorded m Zaramk
protected area, North Sinia (El-Fallal and Khedr,
unpublished data).

This investigation was aimed to identify and isolate
bird’s nest (Cyathus) from Fgypt and study
antagomstic ability with some other basidiomycetes
against i. solanacearum. The antagomstic ability of both
the powder and the water extract of both mushroom spent
straw and raw wheat straw against R. solanacearum will
also be searched. Then, the best factors will be used to
control brown rot disease in greenhouse experiment.

its

MATERIALS AND METHODS

Antagonistic effect of some basidiomycetes against
R. solanacearum: Bird's nest Cyathus stercoreus has
been identified and isolated from fiuit body using
(Watling, 1980) method. Its antagonistic effect compared
with another seven basidiomycetes was carried out by the
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use of disc agar method, according to Mansour et al.
(1997). The seven basidiomycetes used m this
investigation were provided by the first author. The plates
were incubated at 28°C for 24 h. The mlubition zone
diameter of each fungus was measured (if it occurs) and
the mean value of three replicates was calculated for each.
The fungal species having the largest diameter of
inhibition zone was selected to further study.

Antimicrobial activity of the selected fungal species:
The antimicrobial activity of the selected fungal species
was preformed by disc agar method, according to
Mansour et al. (1997).

The plates of bacteria and vyeast were mcubated at
28°C for 48 h. Those of fimg1 were incubated at 25°C for
7 days. Fmally, the inlubition zones were measured in
millimeters.

The microbial species which used in the present
study of antimicrobial activities were recorded m Table 1.

Production and extraction of the mycelia of the best
fungus inhibiting the tested bacterium: Cyathus
stercoreus was grown in Martin medium broth. Slant tube
cultures were inoculated into four flasks, each 500 mL
Erlenmeyer flasks containing 150 mI of the above media.
These flasks were cultivated on rotary shaker (180 rpm)
for 15 days at 25°C. Mycelia were collected on Biichner
fummel, washed with water and extracted with methanol
(2x100 mL). The resulted solutions were evaporated under
vaccum. Each residue was dissolved m 2 mL of 10%
methanol solution and stored at 4°C.

Thin layer chromatography of the fungal suspension:
The combined extracts were concentrated in rotary
evaporate. Standard chromatography of fungal extracts
were prepared by applying 20 pl. extract solution to a
silica gel TLC plate. The components separated by

Table 1: The origing of the used microorganisms in studying antirmicrobial
activities

Group Microorganisms Origin

Bacteria  Pseudomonas flourscence A0 Department of Botary,
Escherichia coli 55 Faculty of Science,
Bacillus cereus Mansoura University
Erwinia Carotovra Carotonara 46
Staphylococcus aureis 102
Bacillus subtilus 28

Fungi Rhizoctonia solani Department of Plant
Fusarivm oxysporum Disease, Faculty of
Trichoderma viridi Agriculture, Mansoura
Aspergillus fimigatus University

Yeast Lipomyces starkeyi Department of
Camdida albicans Microbiology, Faculty of
Camdida lipolytica Agriculture, Mansoura

Saccharomyces cervesia El University
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preparative TLC (Alugram silica gel TLC plates) Benzene-
acetone-acetic acid (7:3:0.5, v/v/v). Chromatograms were
detected by UV-light (254 nm).

Identification of the most active band against
R solanacearum: The most active band agamst
R. solanacearum was determined using Jasco FT Infrared
spectroscopic analysis (IR)-460 plus-Japan and analyzed
by using Varian-Gemini-200 HZ7 Nuclear Magnetic
Resonance (H'NMR and C"” NMR) at Microanalytical
Center at Cairo university.

Effect of mushroom spent straw and wheat straw on the
growth of R selanacearum

Collection of mushroom spent straw and raw straw: The
mushroom spent straw used n this nvestigation are
mushroom wastes from the mushroom house of Faculty of
Science at New Damietta, Mansoura university obtamed
directly after the cropping of three Pleurotus species
(P. columbinus, P. pulmonarius and P. floridanus) on
wheat straw. The superficial layer of spent straw was
removed and the samples were collected from 5-10 cm
depth. Five samples were taken for each treatment. These
samples were collected aseptically in clean plastic bags.
The samples of each treatment were mixed together to
form composite sample which divided mto separate
samples. The samples were stored in cool place. The raw
wheat straw was obtained from the same straw before
spawning. It was also kept in cool place in clean bags.

Preparation of water extracts of spent and raw straws:
Samples were grounded well to be fine powder. Sterilized
distilled water was added to the fine powder of each
sample in a ratio of 20: 1 (volume: weight) in a clean dry
flask. The flasks were shaken at speed 200 rpm for 24 h.
The water solutions were filtered through double layer of
cheese cloth under a strong hand pressure. The
supernatants were centrifuged at 4000 rpm for 30 min. The
supernatants were divided into two portions for each
treatment. One portion was sterilized by filtrations
through fitted glass filter and the other portion was
sterilized by autoclaving. The sterilized water extracts
were kept at 4°C.

Estimation of the antagonistic activity of water extracts
against R solanacearum: The antagomistic activity of
water extracts against R. solanacearum was estimated by

filter paper disc method, according to Mansour et al.
(1997).

Glasshouse experiment: This experiment was carried out
at the Faculty of Agriculture farm, Mansoura University,
Egypt, during the period from the 3rd of February to 25th
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of May 2005 at open air. The plastic sacs of 30 cm
diameter were filled with 15 kg non-sterilized soil. This soil
was composed of a mixture of clay and sand 1:1 (w: w).
Six replicates were prepared for each treatment This
experiment was conducted according to complete
randomized design.

Soil infestation: Soils of each plastic sac were soaked
with water and left to dry for 72 h. The sacs were infested
by R. solanacearum (about 10° cfu), 100 mL for each sac.
The sacs were left to dry for about 48 h before sowing.

Potato used for sowing: Sponta potato cultivar was used
in this experiment. The potato tubers were sliced to
portions more than 30 g and contain two eyes or more.

Preparation of biological control treatments: The used
treatments were located under the followmg main
categories:

s Cyathus stercoreus Egyptian strain (Cs): The fungus
was moculated on PDA plates of 9 cm diameter and
incubated at 28°C for 14 days. Each plate was
blended 1n an electric blender with 1 L sterilized tap
water to prepare fungal suspension (Css).

»  Pleurotus columbinus spent straw (ss): Fine powder
and its water extract (wess) of 5% concentration were
prepared as mentioned before.

+  Raw straw (rs): Fine powder and 5% of its water
extract (wers ) were prepared as mentioned earlier.

There were 10 treatments and control (only infested
soil, without any biocontrol agent). Five treatments were
treated only before sowing and the other 5 treatments
were treated both before sowing and after 70 days of
sowing. The five treatments treated before sowing were as
the following:

¢ Three treatments in which sliced potato tubers were
soaked for 10 min before sowimng. These are mycelial
suspension of Cyathus stercoreus (Css) and water
extract of both spent straw (wess) and raw straw
(wers).

» Two treatments in which the sliced potato tubers
have not been treated but only 1 g of the fine powder
of ss and rs were added near them.

The other five treatments which were treated before
sowing and after 70 days were as the following:

s Three treatments were treated as mentioned in (i) and
drenched after 70 days with 100 mL of Css, wess and
Wers.
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+  Two treatments were treated as mentioned in (ii) and
1 g of fine powder of ss and rs were added on the
surface of pot near the plant.

Storage of potato tubers after harvest: Tn order to show
the latent infection of brown rot disease, after harvest, the
non-infected tubers were stored at room temperature
(20-26°C) for 60 days. The tubers were examined for
presence of the studied disease at the end of the storage
period. The percentage of infected tubers was calculated
for each treatment after storage period and also
percentage of total infected tubers for each treatment
was calculated.

The results were statistically analyzed with the
Statistical Analysis System (SAS, 1988). All multiple
comparisons were first subjected to analysis of variance
(ANOVA). Comparisons among means were made using
Least Significant Differences (I.SD) at p = 0.05 and
Duncan’s multiple range test (Duncan, 1955).

RESULTS

The fungus Cyathus stercoreus (Schw.) de Tom has
been identified according to Brodie (1975), Phullips (1985)
and Smith et al. (1981). The fungus can be described as
follow : As the name suggests, fiuit bodies of Bird’s nest
fungi looks like small bird’s nest full of eggs (Fig. 1a).
These eggs are small capsules known as peridioles that
contain spores. They belong to the family Nidulariaceae.
Peridioles gray to black; wall of fruiting body 3 layered.
Fruting body 5-15 mm high, 4-8 mm wide, at times with a
basal pad of brownish mycelium vase-shaped; exterior
fibrillose, golden brown to russet brown when young, in
age nearly glabrous and blackish; imer surface smooth,
pale to dark lead colour. Epiphragm soon evanescent,
spores up to 40 pm m diameter, subglobose, often varying
in size within a single fruit body. Scattered to cespitose on
dung, manmured ground and round sawdust in New
Damietta garden. The culture characteristics: The
mycelium was yellow browmsh with clamp connections
(Fig. 1b) and the reverse side on PDA was pale yellow.

Table 2: Antagonistic activities of some

R. solandgcearum
Fungus

basidiomycetes  against

Diameter of inhibition zone (mm)*

Cyathus stercoreus Egyptian strain 17
Agaricus campester Egyptian strain 17
Podaxis pistillaris Egyptian strain 14
Corticium vellereurm Fgyptian strain 13
Pleurotus columbimis 12
Volvariella volvaceae 13
Pleurotus sajor-caju 13
Lentinus stricgus 12

#: The diameter of disc of the fungus is 0.9 mm and the diameters of
inhibition zones were measured directly from the plates; the recorded values
were the mean values of three replicates for each treatment
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Antagonistic effect of some basidiomycetes against
R. solanacearum: The causal pathogen of brown rot
disease was 1solated from infected tubers, collected from
different locations in Dakahlia and Damietta Governorates.
Tt is identified and the pathogenicity test was preformed
(unpublished data). All tested basidiomycetes had
antagonistic effect agamst R. solanacearum (Table 2).
The largest recorded mhibition zone diameter (17 mm)
was observed with Cyathus stercoreus Egyptian strain
and Agaricus campester Egyptian strain. The inhibition
zone of Podaxis pistillaris BEgyptian stram was the
second (14 mm), then that of Corticium vellereum
Egyptian strain and Velvariella volvaceae (13 mm). The
smallest inhibition zone (12 mm) was recorded with
Plewrotus columbinus and Lentinus striatus.

Cyathus stercoreus was selected for further studies
during this investigation because it showed the best
inhibition zone and had not form fruiting body in soil in
ordinary circumstances.

TLC of the mycelial extract of Cyathus stercoreus
and identification of the most active band against
R. solanacearum: Developed TLC plate 1s presented in
Fig. 2. The 1solated most active compound was analyzed
by IR spectra which showed bands at 3645.9, 3676.5 and
3334.6cm™ (OH), 2855.6 em™ (CH,), 1676.8-1650.5 cm™
(C=CorC=N), 989.9-1560.5 cm . H'-NMR spectrum
displayed signals at 6 3.11-3.52, 3.55-3.77 and 4.2 and
5.07-525. '"H NMR spectrum showed a saccharide
pattern of signals having the signal of anomeric proton at
6 5.08 ppm and a signal sequence like this of glucose
{(from 6 3.0-4.0 ppm) indicating a glucan. The “C-NMR
spectrum showed six carbon signals at & 90.65, 69.94,
69.57, 68.46, 67.12 and 57.96 ppm supporting the glucose
unit of this glucan.

Effect of water extracts of mushroom spent wheat straw
on R solanacearum growth: Table 3 shows that all of
the four tested water extracts inhibited the growth of
R. solanacearum after their sterilization by filtration. In
contrast their autoclaving resulted in three of the tested
water extracts inhibited the growth of R. selanacearum,

Table 3: Inhibition of R. solanacearum growth by water extracts of
Pleurotus spp. spent wheat straw (s5) and wheat straw ()
Tnhibition zone (mm)*

Treatment Filtration Autoclaving
Plevrotus columbinuy ss 10 7
Pleurotus puimonarius ss 9 6
Plevrotus foridaus ss 8 -
Raw wheat straw (rs) 8 7

*: The diameter of filter paper disc is 0.5 mm and the diameters of inhibition
zones were measured directly fiom the plates; the recorded values were the
mean values of three replicates for each treatment
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Fig. 1a: Basidiocarps of Cyathus stercoraus

Clamp Connection——Jpw

Fig. 1b: Mycelial growth of Cyathis stercoreus

Fig. 2: TLC separation of mycelial suspension of Cyathis stercoreus. Developmental system: Benzene:
Acetone:Acetic acid (70:30:5 v/~/v). Detection: 254 nm short UV
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Table 4: Antimicrobial activity of water extracts of Pleurotis columbinis
waste (wess) and water extract of raw wheat straw (wers) and
my celial growth of C. stercoreus

Tnhibition zone (rmim)

Tndicator Wess* Wers ™ C##
Bacteria

Staphviococcus aureus 102 - - -
Bacitluy subtifus 28 - - -
Bacillus cereus - -
Escherichia coli 55 - - 9
Pseudomonas flourscence 40 - 7

Erwinia carolovera carolovora 46 7 - -
Fungi
Rhizoctonia solani
Fusarium oxysporum - - -
Trichoderma viridi - - -
Aspergillus fiimigatus - -
Yeast

Lipomyces stavkeyi - - -
Candida albicans - -
Candida lipolytica - - -
Saccharomyces cervesia El 7 - -

#: The diameter of filter paper disc is 0.5 cm, -: No inhibition zone was
detected, the diameters of inhibition zones were measured directly from the
plates; the recorded values were the mean values of three replicates for each
treatment. ** : The diameter of the fungal disc is 0.5 cm

where water extract of Plewrotus floridanus spent straw
did not inhibit the growth of R. solanacearum. In case of
sterilization by filtration, the largest recorded inhibition
zone diameter was obtamed with the water extract of
P. columbinus spent straw (10 mm), followed by the
mhibition zone caused by P. pulmonarius (9 mm).
While, the inhibition zone diameter of water extract of
P. floridanus spent straw was equal to that of water
extract of raw straw (wers) (8 mm).

In case of sterilization by autoclaving, the
antibacterial activities of the extracts decreased. The
largest inhibition zone diameter was obtained with water
extract of both P. columbinus spent straw and wers
(7 mm). The diameter of inhibition zone in case of water
extract of P. pulmonarius spent straw was only 6 mm.

Antimicrobial activity of Cyathus stercoreus, water
extract of P. columbinus spent straw (8S) and raw straw
(RS): The largest diameter of mhibition zones resulted
from both Cs and wess against Rhizoctonia solawi
(22 and 15 mm, respectively). It 1s clear from Table 4 that
Cs showed higher inhibition ability than wess.

Cyathus stercoreus inhibited the growth of five
tested species. However, wess inhibited the growth of
three tested micreoorganisms (Table 4). On the other hand,
from the fourteen tested microbes, wers only inhibited the
growth of Pseudomonas flourscence.

Greenhouse experiment

Observation of plant after 80 days of sowing: The tested
treatments generated significant variation m plant height
after 80 days (Table 5). All tested treatments had more
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Table 5: Plant height and disease incidence after 80 days of sowing
Plant height {crn) Disease incidence

Treatments after 80 days sowing after 80 days of sowing
1 Control 11.67¢ 83.33°
2Css1 18.50° 16.67*
3Css1+Css2 19.00% 16.67"
4 (wess)1 18.50° 33.33%
5 (wess)1 + (wess)2 19.83% 33.33®
6 (ss-1g)1 12.504 66.67%
7 (ss-12)1 + (ss-1g)2 14.83° 50.00%
8 (wers)l 19.00° 33.33%
9 (wers)1 + (wers)2 20.00¢ 33.33%
10 (rs-1g)1 12.67 66.67%
11 (rs-1g)1 + (rs-1g)2 15.33° 50.00%

Values in the cohumn represent the means of 6 values for potatoes plant.
Means followed by different letter(s) within a column are significantly
different according to Duncan’s multiple range test (p = 0.03). Control: Only
infested soil without any biocontrol agent, Css: mycelial suspension of
Cyathus. stercoreus Egyptian strain; ss: Pleurolus columbimis spent wheat
straw; rs: wheat straw; we, water extract, 1: treatment before the sowing and
2: treatment. after 70 days of sowing. In treatments Cssl, wess and wers,
potato pieces were soaking in the respective solution or filtrate for 10 min.
In treatments Css2, (wess)2 and (wers)2 the treatments were watered by
100 ml. of respective suspension or filtrate. Tn treatments (ss-1g)1 and
(rs-1g)1, one gram of the respective fine powder was added in the hole before
sowing, (ss-12)2 and (rs-1g2)2 referred to that 1g of corresponding fine powder
had been added on the soil suwrtace near each plant of the corresponding
treatment(s)

significant mcrease in plant height than the control except
the two treatments No. 6 and 10. So, the addition of 1 g of
fine powder ss and rs aside pieces of potato plants at
sowing time had no significant effect.

Using wers once and twice, wess twice and Css once
and twice are equally (no significant difference between
them) stimulators to the highest plants length. On the
other hand there is no significant difference between
treatment No. 2 and 3. Therefore the use of mycelial
suspension of C. stercoreus (Css) one time before sowing
1s sufficient and it is not significantly different from the
use of this suspension twice as mentioned above. The
results illustrated in Table 5 also revealed that the use of
wess or wers twice (soaking the potato pieces before
sowing and watering by 100 mL of wess after 70 days) 1s
not significantly better than using it once.

The two treatments No. 11 and 7 had no significant
difference between each other and they had more
significant increase than the two treatments 6 and 10. So,
the addition of 1g of fine powder of ss and rs near the
plants before and after sowing generates greater
significant mcrease in plant height than using each of
them only before sowing.

Most of the potato plants of the control treatment
(83.33) were mfected with the brown rot disease after 80
days of sowing (Table 5). The best treatments in resistant
the brown rot after 80 days were recorded with the two
treatments of Css (2 and 3) with no significant difference
between both. However, the data also mdicated that there
were no significant differences between all the other
treatments and the control.
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Table 6: Means weight of tubers for each pot

Table 7: Percentages of total infected tubers

Mean weight of tubers
Treatments for each pot ()
1 Control 48.33°
2Css1 60.83°
3Css1+Css2 80,007
4 (wess)1 7233
5 (wess)] + (wess)2 80,507
6 (ss-1g)1 66.67
7 (ss-1g)1 + (ss-1g)2 83.33°
8 (wers)1 67.50°
9 (wers)1 + (wers)2 71.67°
10 (rs-1g)1 55.008
11 (rs-1g)1 + (rs-1g)2 61.00°

Values in the column represent the means of ¢ values for pots. Means
followed by different letter(s) within a column are significantly different
according to Duncan’s multiple range test (p = 0.05). Control: Only infested
soil without any biocontrol agent, Css: mycelial suspension of Cyathus.
stercoreus Egyptian strain; ss: Pleurotus columbinus spent wheat straw; rs:
wheat straw; we, water extract, 1: treatment before the sowing and 2:
treatment. after 70 days of sowing, In treatments Cssl, wess and wers,
potato pieces were soaking in the respective solution or filtrate for 10 min.
In treatments Css2, (wess)2 and (wers)2 the treatments were watered by
100 ml. of respective suspension or filtrate. Tn treatments (ss-1g)1 and
(rs-1g)1, one gram of the respective fine powder was added in the hole before
sowing. (ss-1g)2 and (rs-12)2 referred to that 1 g of corresponding fine
powder dad been added on the soil surface near each plant of the
corresponding treatment(s)

Productivity of potato tubers at harvesting time: The
results indicated in Table 6, showed that all tested
treatments significantly stimulated more increase in the
weight of tubers than the control. The best results were
recorded with the treatments (No. 7, 5 and 3); addition of
1 g of fine powder of ss before and after sowing, scaking
i wess and drenching with 100 mL wess after 70 days and
applying Css before and after sowing. They are equally
(not sigmificantly different) efficiently supporting the
increase in the weight of tubers.

The results of Table 6 also revealed that using wess
twice caused more significant increase n potato tubers
weight than wers and the effect of addition of 100 mI, of
wers after 70 days was significantly different from only
soaking plants in this extract for ten minutes before
sowing.

All the potato tubers of the control were mfected
after the storage (Table 7). All treatments had a significant
reduction of infected tubers except the treatment No. 8
and 9 m which potato pieces were soaked m wers for
10 min before sowing and addition of 100 mL of wers after
70 days. The lowest significant reduction was recorded
with treatments No. 4 and 6 (using ss as powder or water
extract before sowing). There was a significant difference
between treatments No. 5 and 9 1.e., the use of wess twice
(at sowing time and after 70 days) had better result, in this
factor, than the use of wers twice.

There were no sigmficant difference between
treatments No. 6, 7, 10 and 11, therefore the use of 1 g of

&0

Treatments % of total infected tubers
1 Control 100.00¢
2Css1 27.28F
3Css1+Css2 15.00F
4 (wess)1 65.65%¢
5 (wess)1 + (wess)2 48.33%
6 (ss-12)1 64354
7 (ss-12)1 + (ss-1g)2 47.22%
8 (wers)1 86.94%
9 (wers)1 + (wers)2 77.78%
10 (rs-1g)1 53.80¢
11 (rs-1g)1 + (rs-1g)2 59,72+

Values in the column represent the means of 6 values for pots. Means
followed by different letter(s) within a column are significantly different
according to Duncan’s multiple range test (p = 0.05). Control: Only infested
soil without any biocontrol agent, Css: miycelial suspension of Cyathiis.
stercorens Egyptian strain; ss: Pleurotus columbinus spent wheat straw; rs:
Wheat straw;, we, water extract, 1: Treatment before the sowing and 2:
Treatment after 70 days of sowing. In treatments Cssl, wess and wers,
potato pieces were soaking in the respective sohition or filtrate for 10 min.
In treatments Css2, (wess)2 and (wers)2 the treatments were watered by
100 ml. of respective suspension or filtrate. Tn treatments (ss-1 g)1 and
(rs-1 2)1, one gram of the respective fine powder was added in the hole before
sowing. (ss-1 2)2 and (rs-1 g)2 referred to that 1g of corresponding fine
powder dad been added on the soil surface near each plant of the
corresponding treatment(s)

ss or 1s twice were not better than their uses once. There
was no significant difference between using ss or 13 in
this factor.

The best percentages of reduction of infected tubers
were recorded with treatments No. 3 and 2 with no
significant difference between them. Therefore, the
treatments of potato pieces by soaking in Css or soaking
before sowing and watering of plants, after 70 days of
sowing, by 100 mL of Css had the best results for this
tested factor.

DISCUSSION

All the eight tested fungal species inhibited the
growth of R. solanacearwm. Therefore, all of them may
produce antibacterial metabolites  against
R. solanacearum. The largest zone of inhibition was

active

reported with both Cyathus stercoreus Egyptian strain
and Agaricus campester Egyptian strain, which may be
due to the antibacterial metabolites secreted by them.
These results were similar to the results of Anke and
Oberwinkler (1976), Heim and Anke (1988), Hwang et al.
(2000) and Lui and Zhang (2004). Smama et af. (2001)
showed that Ganoderma applanatum (Pers.) Pat)
demonstrated antimicrobial activity against Gram-positive
Bacillus cereus, Staphylococcus aureus and less activity
against the Gram-negative E. coli and P. aeruginosa. The
antibacterial activity of Podaxis pistillaris has been
detected by Lindequist et al. (2005).

Rai and Tidke (2005) evaluated 17 mushrooms for
antimicrobial activity against human pathogemic bacteria
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and fungi. They reported that these mushrooms could be
used as antimicrobial agents. In a recent in vitro study,
extracts of more than 75% of polypore mushroom species
surveyed showed antimicrobial activity and 45% of
204 mushroom species (polypores and gilled mushrooms
alike) inhibited growth variety of
microorgamisms (Suay et al., 2000).

In this study the IR spectrum of the purified Cyathus
stercoreus suspension showed a strong absorption at
3334.6 cm™' due to hydroxyl groups. '"H NMR spectrum
showed a saccharide pattern of signals having the signal
of anomeric proton at 6 5.08 ppm and a signal sequence
like this of glucose (from 6 3.0-4.0 ppm) indicating a
glucan. The “C-NMR spectrum showed six carbon
signals supporting the glucose umit of this glucan.
Kacurakova et al. (2000) found that the region between
1000-1500 cm ™" in TR is really a carbohydrate finger print
region. Suay et al. (2000) recorded that Lepista nuda
(Bull)) Cooke, presumably rich with polysaccharides,
retarded Candida albicans. Laetiporus sulphureus
isolated from nature demonstrated antimicrobial activity
against a wide spectrum of gram-positive and gram-
negative bacteria during agar and submerged cultivation
mcluding methicillin-resistant strain of Staphylococcus
aurens (MRSA) and glycopeptide-resistant strain of
Leuconostoc mesenteroides (Ershova et al, 2003).
Polysaccharides  from  Lentinus  edodes  and
Schizophyllum commune exhibited activity against
Bacillus subtilis, 8. aureus, Candida albicans and
Saccharomyces cerevisiaze (Wasser and Weis, 1999).
Polysaccharides extracts of some mushrooms stumulated
beneficial bacteria (Lactobaciili), while reducing harmful
bacteria (E. coli) (Guo et al., 2004).

The water extract of raw wheat straw and spent straw
of Pleurotus spp. sterilized by autoclaving or filtration
mtubited the growth of R. solanacearum. These results
may be due to that wheat straw contains antibacterial
compounds which were soluble in water and so present in
the water extracts. The difference in the mhibitory effect
of water extract of Pleurofus spp. spent straw attributed
to the production of some secondary metabolites from the
shikimic acid and cinnamic acid pathways during
lignocellulosic degradation by Plewrofus spp. which
may have antibacterial activity (Shimada ef al., 1989).
Okamoto ef al. (2002) came to the same conclusion, they
found that P. ostreatus produces p-anisaldehyde which
has antibacterial activity and its production 1s parallel to
Mn peroxiodase. Also, Velazquez-Cedeflo et al. (2002)
indicated that the two basidiomycetes Pleurotus
ostreatus and P. pulmonarius had the ability to produce
some extracellular lignocellulytic enzymes. It has also
been found that Pleurotus columbinus, P. pulmonarius,

of a wide
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P. safor-caju and P. floridanus can produce all the
ligninolytic enzymes (El-Fallal and El-Diasty, 2006).

Furthermore, the mhibition zones of tested water
extracts sterilized by filtration had sigmificantly ncreased
than their corresponding ones sterilized by autoclaving.
These results may be due to that these secondary
metabolites are degraded by high temperature.

The application of water extract of both ss and rs
once and twice equally significantly increased plants
height. The addition of both once and twice increased
tubers weight but wess 13 significantly better than wers.
The application of wess had sigmficantly reduction in
percentage of infected tubers. In contrast wers was not
significantly different from the control in reducing the
percentage of infected tubers. On the other hand wess
and wers did not cause significant decrease from the
control to reported disease incidence of potato plants of
80 days age.

Therefore, these water extracts generated significant
increases m plant height and potato weight and
significant decreases in infected potato tubers. These
results may be due to that these water extracts contain
water soluble compound act as fertilizers and biocontrol
agents. These results had agreement with El-Fallal and
Migahed (2003) who reported that water extract of
Pleurotus floridanus spent straw can be used as
biofertilizer and reducing the suppressive effect of
Botrytis fabae on broad bean plant. The use of water
extract of compost for controlling foliar diseases has been
reported by Yohalem et al. (1994). The relatively better
results of wess filtrate than wers filtrate confirmed the
results of this study in vifro which indicated that wess
filtrate had significant higher antibacterial activity, against
R. solanacearum, than wers filtrate.

There were no significant difference have been
recorded in plant height or disease mncidence when rs or
ss powders were added to the soil. Tn contrary they
increased tuber weights and decreased in percentage of
total mfected tubers. However, using rs or ss powders
twice had no significant difference on disease incidence
and on total infected tubers but had significant increase
in plant height and tubers weight. These results may be
due to the low antimicrobial effect by using 1 g straw
which was not enough to reach to the lateral roots of the
plants. While, the increase in plant height may be
attributed to the enhancement of soil fertility, soil
structure and soil moisture retention. Also, these powders
play a role in prevention of erosion. Residue on the soil
surface decreases soil temperature and increase soil
moisture. Moreover, these powders of plant residues may
play a role in weed and insect control (Ferguson and
Shew, 2001). These results revealed that ss and rs
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powders can play three roles in plant health and crop
productivity. Firstly, their ability to improve
properties may be referred to their effect on so1l aeration,
structure, dramage and moisture holding capacity,
(Abo El-Fadl et al., 1995, He et al., 1995; Davey, 1996).
Secondly, their role as fertilizers may be due to increase N
mineralization (Gok ef al., 2002). Also, these powders
contain valuable amount of sugars, nitrogen, cations,
hormones and some phenolic compounds (Shukery et al.,
1999, Shen and Shen, 2001; El-Fallal and Migahed, 2003).
Thirdly, these orgamc matters may directly or indirectly
suppress  disease by enhancing production of
decomposed products by antagonmistic microbial
populations or stimulating the production of lytic
enzymes 1involved m the degradation of plant
pathogens (Huang and Huang, 1993, Shetty et al., 2000,
Gamliel et «al., 2000). Microbial degradation of plant
residues can also produce secondary products with
antimicrobial activities that inhibit the growth of plant
pathogens (Bailey and Lazarovites, 2003; Bardin ef al.,
2004).

The benefits of applying organic amendments for
disease control are incremental, generally slower acting
than chemical fumigants or fungicides, but may last longer
and their effects can be cumulative (Bailey and
Lazarovites, 2003).

Moreover the priority of ss than s may be due to the
ability of Pleurotus columbimis to produce extracellular
enzymes that enhance the properties of ss as antimicrobial
agent and fertilizer than rs. This explanation depends on
the results of Velazquez-Cedeflo et al. (2002) and El-Fallal
and El-Diasty (2006) where they reported the ability of
Pleurotus spp to produce extracellular enzymes which can
degrade lignocellulytic compounds of straw.

In the green house experiment, the best results were
obtamed by plants that had been treated by soaking of
potato pieces in mycelial suspension of Cyathus
stercoreus (Css) for 10 min directly before sowing which
generated significant increase i plant height after 80 days
of sowing and sigmficant increase mn mean weight of
potato tubers for each pot at harvesting time. Also, this
treatment had a significant decrease in disease incidence
after 80 days of sowing and in percentage of total infected
tubers. The watering (drenching) of plants by 100 mL of
this fungal suspension had no significant effect on the
last four factors mentioned, except the mean weight of
tubers where the drenching by this suspension had
significant increase of this factor.

The priority of treatments of scaking in Css fungal
suspension than all the other treatments could be resulted
from the mode of action of glucan extracted from this
fungus that has antibacterial activity agamst the studied

soil
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pathogen as has been detected in this study. The
antimicrobial activity of the polysaccharides
basidiomycetes has been mentioned previously (Wasser
and Weis, 1999; Ershova ef al., 2003; Guo et al., 2004).
Moreover, Halsall (1993) showed that the nitrogenase
activity of Bejjerinckia indica B15 was stimulated by
coinoculation with Cyathus stercoreus both m axenic
culture and in native soill He found that Cyathus
stercoreus can degrade lignocellulose so, showed degree
of ability to cross-feed diazotrophs. Tts lignocellulolytic
ability has been also confirmed by El-Fallal and El-Diasty
(2006).

Furthermore, there were no significant differences

from

between the disease incidence values with treatments of
soaking potato plants m fungal suspension or water
extracts of both spent straw or raw straw while there was
a significant priority of soaking potato pieces in the tested
fungal suspension than soaking in wess and wers in the
percentage of total infected tubers. These results may be
due to production of polysaccharides by Cyathus
stercorens which have a continuous effect during the
growth of potato plants, while the antibacterial agent of
wess and wers may be exhausted or broken down during
the growth of potato plants and had no effect on studied
bacterium in the last stages of potato growth.

This study recommended the use of Cyathus
stercoreus suspension in the biological control of the
disease and as a biofertilizer for potato plant. Also it
suggests that raw straw or spent straw can be used as a
carrier for Css fungus and also may be used as a carrier
for any other biocontrol agent to enlarge the antimicrobial
activity and to take advantage of the other mentioned
mode of action mechanisms of these organic matters.
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