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Abstract: We isolated bacteria and fungi from composted chicken, sheep, cow and horse manure and screened
each isolate for their ability to suppress P. cinnamomi in dual-culture in vitre assays. Of the 180 1solates,
mcluding 31 actinomycetes, 64 fungi, 44 fluorescent pseudomonads and 41 endospore-forming bacteria,
45 isolates significantly inhibited the growth of P. cimmamonti on plates. The inhibitory microbes included
24 fungi (including Trichoderma sp., Gliocladium penicillioides and Fusarium sp.), 10 actinomycetes (all
Streptomyces sp.), 7 fluorescent pseudomonads (FPseudomonas sp.) and 4 endospore-forming bacteria
(Bacillus sp.). The most common mode of action observed was antibiosis, although mycoparasitism, indicated
by parallel hyphal growth, hyphal coiling, appressorium formation and direct penetration, was also observed
with one isolate of Trichoderma. These results help to explain the role of microbes in the suppression and
biological control of . cinnamomi by composted manures.
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INTRODUCTION
A mnumber of study shows that antagonistic
microbes are potential as biocontrol agent against plant
pathogen. Sid et af. (2003) found ten out of more than
500 1solates from sweet pepper rhizosphere area were
found to be significant to suppress Phytophthora root
rot. While, four out of 231 tomato phylloplane and
rhizosphere 1solates were antagomistic to late blight
Phytophthora (Lourenco et al, 2004). In addition,
mycoparasitic bacteria collected from aerial parts of
the cocoa plant have shown great promise in the control
of black pod, caused by Phytophthora palmivora
(Hoopen et al., 2003). Okamoto et al. (2000) reported
that three bacterial strains isolated from rhizosphere
of angelica strongly  inhibited mycelial
growth of P. cactorum. Recently, twelve 1solates of
fluorescent  pseudomonads  from rhizosphere of
pepper significantly  inhibit  Phytophthora  blight
(Rajkumar et al., 2005)
Other studies on pot trials also indicate some

trees

suppressive to root rot caused by P. cinmamomi
(Aryantha et al., 2000). While, composted cow manure
was significantly suppressive to P. capsici (Khan et al.,
2004). Whether the reduced disease is due to decreased
pathogen activity or to induced resistance mn the plant,
or whether there are other mechamsms operating to
suppress the pathogen, is still not fully understood.
Antagomistic microorganisms found in composts and
mamures, mcluding Streptomyces (Cornell, 1991),
Aspergillus  flavipes (Sztejnberg and Tsao, 1986),
Penicillium janthinellwn (Ownley and Benson, 1992),
Chaetomium  globosum, Gliocladivm  virens and
Trichoderma viride (Heller and Theiler-Hedtrich, 1994)
were found to mhibit the growth of P. cirramomi 1in dual
culture assays. Present study examines the role of
antagonistic microorganisms isolated from composted
manures that were shown to suppress P. cinnamomi in a
previous study (Aryantha et of., 2000).

MATERIALS AND METHODS

Isolation of antagonists: Antagomistic microorgarisms
were isolated from composted manures used in a previous

potential biocontrol agents agamst Phytophthora.
Composted chicken manure was found strongly
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study in 1996 (Aryantha et al., 2000). Serial dilution and
plating on selective media separated four groups of
microorganisms, actinomycetes, endospore forming-
bacteria, fluorescent pseudomonads and fungi.
Actinomycetes were isolated on chitin agar (Lingappa and
Lockwood, 1962), endospore forming bacteria were
1solated after incubating dilutions of compost 1n nutrient
agar amended with 1% Nystatin at 80°C for 10 min
(Weste and Vithanage, 1978), flucrescent pseudomonads
were isolated on novobiocin-penicillin-cycloheximide
(NPC) medium (Sands and Rovira, 1970) and fungi were
1solated on PDA amended with 1% chloramphemcol
(Booth, 1971). Colonies were identified on the basis of
morphology, colour and growth rate and were transferred
onto fresh medium into pure culture. All pure bacterial
1solates were transferred onto Nutrient Agar (NA), whle
actinomycetes and fungi were grown on potato dextrose
agar (PDA). Tsolates were maintained in test tubes and
kept at 5°C.

Testing of antagonists on agar plates: Isolates from each
group of microbes-actinomycetes, endospore-forming
bacteria, fluorescent pseudomonads and fungi-were
tested for their ability to inlubit the growth of
P. cinnamomi. Four agar discs, colonised for 3 days by
one of the fungi, or four streaks of a bacterium or
actinomycete, were placed on the surface of a Petn
dish contaming PDA, arranged around a central disc of
P. cinnamomi. Uninoculated agar discs of the same
medium served as controls. The diameter of the
P. cinnamomi colony was measured after 5 days
mcubation at 20°C in the dark and orgamsms that
inhibited colony growth by at least 39% were selected for
further study.

Examination of antagonistic and mycoparasitic
mechanisms: Each isolate was tested for both antibiotic
and mycoparasitic activities against P. cinnamomi.
Antibiosis was observed directly by light microscopy of
patred cultures. Mycoparasitism was observed in dual
cultures of the pathogen and antagonist on a thin film of
agar, prepared by pouring approximately 1 ml molten
PDA on a sterile glass slide. Each agar-covered slide was
moculated with an agar disc colomsed by P. cirnamomi
placed in the centre of the slide, while 2 days later each
end was inoculated with an agar disc colonised by the
antagonist. Slides were placed on moist sterile tissue
paper m sealed petri dishes and examimed three, four and
five days later. One to three drops of 70% ethanol were
added to the surface of the colonised agar, followed by
two to three drops of lactophenol cotton blue. The shdes
were covered with cover slips before being examined

under the light microscope. Hyphal interactions including
coiling, parallel hyphal growth, appressoria formation or
direct penetration were examined under light microscope.
Freeze-dried  slides were exammed using scanmning
electron microscopy (Philips X1.30 FEG Field Emission
Scamning Flectron Microscope).

Identification: Fungal and actinomycete isolates
antagomstic to P. identified on
morphological characters (conidia, conidiophore, hyphae)
observed after staining with lactophenol cotton blue
(Rifai, 1969; Carmichael et al., 1980; Rehner and Samuels,
1994). Gram differentiation of bacteral 1solates used a
rapid method described by Suslow et al. (1982). Two
drops of 3% (w/v) potassium hydroxide (KOH) solution
were placed on a clean glass slide. With a flat wooden
toothpick, bacterial cells were transferred from agar
plates to the drop of KOH. After rapidly agitating the
solutton mn a circular motion for 5-10 seconds the
toothpick was raised and lowered to detect a stringing
effect. If the stringing effect occurred 1n 15 sec the 1solate
was considered as Gram negative.

cinnamomi Were

Data analysis: Significant inhibition of P. cinnamomi in
the Petri dish screening assays was identified using a
one-way ANOVA  (Minitab.11, Minitab® TInc,
Pennsylvania, TTSA).

RESULTS

Isolates: More than 180 actinomycetes, endospore-
forming bacteria, fungi and fluorescent pseudomonads
were isolated from chicken manure and sheep composts
(Table 1). The most frequently isolated group, mostly
isolated from chicken manure compost, was the fungi (64
isolates). The second most frequent group isolated from
composted mamure was the fluorescent pseudomonads
(44 isolates), followed by endospore-forming bacteria (41
isolates) and actinomycetes isolated mostly from sheep
manure compost (31 1solates).

Table 1: Number of isolates of each microbial group (actinomycete,
endospore-forming bacteria, fingi and fluorescent pseudomonads)
recovered from Mt Derimut soil 5 weeks after the addition of
composted manures

Non Chicken Cow Horse  Sheep

treated manure manure manure manure Total
Actinomycetes 2 2 7 5 15 31
Endospore-forming 12 6 2 15 6 1
bacteria
Fungi 9 20 11 12 12 o4
Fluorescent 3 18 8 8 7 44
pseudomonads
Tatal 26 46 28 40 40 180
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Fig. 1: Some positive isolates against P. cinnamomi [Pc] (at centre) identified as inhibition zone of in vitro test.
{A) Control; (B) Trichoderma sp. (few9); (C) Gliocladium penicillioides (fhol); (D) Pseudomonas sp (penld);
(E) Streptomyces p. (asp5); (F) Fusarium sp. (fsp6)

In vitre inhibition test: Forty five isolates, including 24
fungi, 10 actinomycetes, 7 fluorescent pseudomonads
and 4 endospore-forming bacteria significantly inhibited
the growth of P. cinnamomi on plates (Table 2). Figure 1
shows some examples of isolates (bacteria, actinomycetes
and fungi) that inhibit the growth of P. cinnamomi in
culture. The most common mode of action observed was
antibiosis, which appeared in co-inoculated plates as an
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inhibition zone. Lysis of P. cinnamomi hyphae was also
associated with some bacterial, fungal and actinomycete
isolates. A very strong growth inhibition was observed
with some isolates (Fig. 1 C-E).

Differences in antibiotic reactions were observed
with different isolates. Some bacteria and fungi induced
abnormal stunted, highly branched hyphal tips and
swollen hyphae at the edge of P. cinnamomi colonies.
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Fig 2: Mycoparasitic interaction of fungal isolates with F. cinnamomi (Pc). (A) Coiling by Gliccladium (g);
{B) Penetration by Trichoderma sp. (f) with appressorium (arrow); {(C) coiling observed with SEM; (D) Hyphal
penefration by Trichoderima sp. observed with SEM; (E) Reproductive structure of Gliocladium peniciilicides;

{F) Reproductive structure of Trichodermea sp.

This led to stunting of the colony and ulfimately
pathogen growth stopped. Stunting and prolific
chlamydospore formation was also observed in the
presence of actinomycetes.

Mycoparasitism by fungal isolates was also
observed (Fig. 2) and both antibiosiz and mycoparasitism
were obszerved in the presence of some fungi (Fig. 1B
and F). Some isolates of Gliocladium sp. displayed
either antibiosiz or mycoparasitism, but rarely together
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and only in dual culture slides. Mycoparasitism was
observed as coiling, penetration, direct contact and
parallel growth alongside host hyphae. Host hyphae
were geen to absorb a pigment apparently originating
from the antagonist, becoming red, before collapsing
and dying (Fig. 2). Clear evidence of appressorial
attachment and hyphal penetration  was only
observed with one isolate of Trichoderma sp. (Fig. 2B
and D).



FPlant Pathol. J., 5 (3): 291-298, 2006

Table 2: Fourty five (45) isolates found to be antagonistic to P. cinramomi
in vitro out of total 180 isolates.

Percent inhibition
of colamy diameter

Tvpe Source Code after 5 davs
Actinomycetes Cow acwl 40
Horse aho3 39
Horse aho3 40
Sheep asp4 40
asp5s 42
asp8 40
asp9 39
aspl2 40
aspl4 40
aspls 41
Endospore-forming bacteria  Untreated  bels 40
bcel9 40
belll 54
bell2 45
Fluorescent pseudomonads  Chicken pen@ 45
penld 76
Cow pewl 49
Horse pho5s 50
pho? 45
pho8 46
Sheep psp3 47
Fungi Chicken fend 70
fenS 49
fen7 45
fen8 50
fen9 42
fenl4 48
fenls 45
fenl8 70
Cow fews 45
foew7 68
few9 57
Horse thol 53
fho2 60
fhos 45
fho8 47
fhol0 50
fholl 47
fhol2 47
Sheep fspl 47
fap2 44
fsp4 50
fap6 45
fsp7 44
fapl0 60

Identification of the antagonistic isolates: Only the
1solates which strongly antagomised F. cinnamomi were
identified to genus level. All the actinomycetes were
filamentous mycelial, sporulating or conmidia-producing,
aerobic, 1solated from soil and produced antibiotics.

Based on these features they are classified as
Streptomyces group (Collins, 1964).
Bacteria were classified as Bacillus and

Pseudomonas based on their growth on selective media,
Gram staming, cell shape and aerobic growth (Weste and
Vithanage, 1978). All antagonistic bacteria were rod
shaped, the endospore-forming bacteria were Gram
positive, while the fluorescent pseudomonads were Gram
negative.
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Based on the colour, shape and structure of conidia,
sterigma and conidiophore, growth rate, pigmentation
and colony morphology, the antagonistic fungi were
identified as Fusarium, Gliocladium, Penicillium and
Trichoderma. Two of these are shown in Fig. 2 E and F.
Fusarium is typified by canoe shaped conidia and the
production of red pigment on PDA (Fig. 1F).
Gliocladium 13 very similar to Penicillium in comdia,
phialide, sterigma and conidiophore structure. Both have
phialides, however, Gliocladium typically produces
mucilaginous liqud  droplets
sporulating colomes (Petch, 1938). Two species of
Gliocladium were 1dentified as G. penicillioides and
G. roseum. G. penicillicides produces long, slender,
dark green conidia while those of G. roseun are oval
and rosy (Rehner and Samuels, 1994, Fig. 2E), but not on
G. roseum. Instead of sterigma, Trichoderma bears light
green conidia on short bottle-like phialides (Fig. 2F) and
has a fast growth rate (Rifai, 1969).

on the surface of

DISCUSSION

Microbial isolations were made during the
examination of microbial populations recovered from
manure compost (Aryantha et al., 2000). The isolation
of microbes was facilitated by the dilution plate
method and transfer of single to fresh
medium. This technique provided a single step of
isolation and combined with selective media, enabled
specific groups of microorganisms to be isolated
directly. Inhibitory organisms were isolated from
untreated soil and from manmure-compost amended
soils, with no apparent correlation to the relative ability
of these treatments to suppress P. cinramomi in
glasshouse trials (Aryantha et af., 2000).

One aspect of antagonism observed i the in vitro
trials was mycoparasitism. Most interactions between
P. cinmamomi and the antagonists (Gliocladium and
Trichoderma) observed in this study involved coiling
and parallel growth. Dennis and Webster (1971) also
found that the majority of 80 Trichoderma isolates
coiled around hyphae of Fomes and Rhizoctonia.
Trichoderma sp. also produced an infection or
penetration structure similar to the appressorium
described by Elad et al. (1980). Chambers and Scott
(1995) also found that Trichoderma hamatum and
T. pseudokoningii mhibit P. cinnamomi, displaying
parallel growth, hyphal coiling and appressorium
formation. Appressoria are produced by other
mycoparasitic  fungi including Stachybotris elegans
parasitising Rhizoctonia solani (Benyagoub et al., 1994)
and Piptocephalis (Manocha, 1991).

colonies
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A few minutes before hyphal contact with either
Gliocladium or Trichoderma, P. cinnamomi hyphae lyse.
Dennis and Webster (1971) reported the same
phenomenon occurring on Fomes and Rhizoctonia when
challenged by Trichoderma sp. Antibiosis of Botrytis
cinerea by Trichoderma harzianum tesults from
degradation of fungal cell walls by chitinolytic,
cellulolytic, glucanase and xylanase activity (Benhamou
and Chet, 1993; Belanger et al., 1995). Gliocladium virens
also produces endochitinase, 1,4 B-chitobiosidase, glucan
N-acetyl-p-D-glucosaminidase  and  glucan  1,3-B-
glucosidase (DiPietro et al., 1993).

In this study hyphae of Gliocladium penicillicides
were never observed to overlap the P. cinnamomi
colony. In all cases P. cinnamomi stopped growing before
direct contact was made, presumably in response to
diffusible  inhibitors  released by the antagonist.
However, when P. cinnamomi colomes were moculated
with conidia of G. penicillicides or G. virens, young
mycelia of G. penicillioides aggressively parasitised the
host wsing both antibiosis (DiPietro et al, 1993) and
mycoparasitism (Tu and Vaartaja, 1981). Antibiotics from
Trichoderma and Gliocladium were first reported by
Weindling and Nelson (1936). Kelley and Kabana (1976)
found that the presence of Trichoderma sp. reduced the
development of P. cinnamomi as indicated by p-
glucosidase and phosphatase activities in a semi-in vivo
study of soil substrate. Enzymatic activities of cellulose
and laminarinase incorporated in  mulch were
demonstrated to be effective against P. cinnamomi lately
(Downer et al, 2001). Trichoderma viride and
Gliocladium virens were also found to mhibit
P. cinnamomi in vitro (Heller and Theiler-Hedtrich,
1994). There is no previous report that Fusaritmm sp.
inhibits P, cinnamomi, nevertheless  Fusarium
proliferatum significantly reduces downy mildew
incidence  on grape, caused by another comycete,
Plasmopara viticola (Falk et al., 1996).

Stirling et al. (1992) found that three fluorescent
pseudomonads, nine actinomycetes and Serratia sp. were
antagonistic to P. cinnamomi in plate assays out of 164
1solates. Ome 1solate of fluorescent pseudomonads
(PCnl4) gave a very strong inhibition to P. einnamomi up
to 76% (Table 2). Other studies reported that
Pseudomonas cepacia and P. fluorescens were significant
to suppress P. cinnamomi growth in vitro and in vive
(Turnbull et al., 1992; Yang et al, 2001). Meanwhile,
recent report indicates that Pseudomonas sp. 15 a
successful biocontrol agent to control take-all disease
applied in Washington State (Weller et af., 2002).

Present results show that actinomycetes isolates
ranks the second best after fungi in total number of
isolates which significantly inhibit P. cinnamomi.
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Previous study discovered that Streptoverticillium
albireticuli (Park et al., 2002) and Streptomyces
(Shumazu et al., 2000) sigmficantly mhibited P. cinnamonni
in vitro. In addition, You et al (1996) isolated 1600
isolates of actinomycetes and found that all of them
inhibit P. cinnamomi growth in vitro by at least 50%.

Further studies are required to evaluate the potential
use of these antagomstic and mycoparasitic 1solates in
biological control and to determine the most active
isolates or combinations, application frequency and
amounts. Nevertheless, these results provide an
explanation for the activity of composted manures and
illustrate their potential for biological control of
P. cinmamonmi, especially in nursery situations.
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